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INTRODUCTION

Fiber vibrated at the heart of eighteenth-century medicine. Although
almost forgotten now, fiber attracted enormous interest among
eighteenth-century medical scientists. Unsurprisingly, Herman Boerhaave
and Albrecht von Haller, the two doyens of eighteenth-century medi-
cine, both subscribed to the idea of fiber to develop and systematize their
respective medical theories, which indicates how critical the concept of
fiber was during the century. It is no exaggeration to say that if the nine-
teenth century was the age of the cell, the eighteenth century was the age
of fiber.

This book is the first full-length and in-depth study of fiber and the
“fiber body,” the body configured and informed by the concept of fiber,
during the British Enlightenment. It explores the pivotal role fiber played
in eighteenth-century medicine as a defining, underlying concept in varied
fields from anatomy, physiology, pathology, and therapeutics to the life sci-
ences. The era of the Enlightenment witnessed the rise and development
of “fiber medicine,” a body of medical knowledge based on the notion of
fiber. Setting the fiber as the ultimate building unit of the animal body,
many eighteenth-century medical authors fabricated fiber theory (i.e., the
theoretical articulation of fibers) in multifarious forms. The human body,
formerly seen as the expression of the four humors, was now reconfigured
as wholly composed of solid fibers. Consequently, the body’s health and
illness were believed to depend on the condition, qualities, and state of
the fibers.

xi



Xii INTRODUCTION

Any medical historians reasonably familiar with eighteenth-century
medicine are aware of how full the medical discourses are of mentions
of the fibers, and they may have dimly sensed that the fibers are a criti-
cal key in disclosing the knowledge of Enlightenment medicine, both of
iatromechanism and of iatro-vitalism. With so obvious an omnipresence
of fibers, however, historians have never yet engaged in a project to gain
an overall picture of fiber medicine in Enlightenment medicine.! Kevin
Siena’s recent overview of the medical knowledge of the Enlightenment
contains a useful summary of medical theory of the era but fails to recog-
nize the significance of the concept of fiber, which should have constituted
the physiological bedrock of what Siena presented as the “pliable body,”
a malleable, porous body that constantly interacts with the environment.?
Other medical historians have similarly overlooked the significance of fiber.
Instead of giving a full account of it, they have focused on the nerve and
its cognate theories. For “nerve” rather than “fiber” has been privileged
as the key term in cighteenth-century medical discourse in general.® This
neurocentric interpretation of eighteenth-century medicine, starting with
Willis in the mid-seventeenth century and continuing through Cheyne in
the early eighteenth to Cullen in the second half of that century, obscures
the importance of fiber. Rather than provide a sweeping generalization
about eighteenth-century medicine in terms of nerves, this study will
attempt a comprehensive re-evaluation of fiber and fiber medicine in the
British Enlightenment.

Unlike the nervous body initiated by the neuro-anatomical revolu-
tion in the preceding century, the eighteenth-century fiber body has been
largely ignored. Current historiography on eighteenth-century medicine
rarely touches upon the significant roles played by fibers. These physi-
cal components of the body have been considered by medical historians
only in terms of their connection with the Hallerian notions of sensibil-
ity and irritability, which are respectively ascribed to the nervous and the
muscular fibers.* This fallacious tendency had already begun in the nine-
teenth century: Virchow, a founding father of cellular pathology, looking
back upon the former century, remarked on the long reign of the fiber-
tissue doctrine, which he conceived to have originated with Haller: “[The
Hallerian] conception [of the fibre] was soon still further expanded, and
the doctrine that fibres serve as the ground work of nearly all the parts of
the body, and the most various tissues are reducible to fibres as their ulti-
mate constituents, was longest maintained in the case of the very tissues
in which...the pathological difficulties were the greatest—in the so-called
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cellular tissue.”® The association of the fiber with Haller’s doctrine of the
bodily tissue has obstructed scholars in reaching a correct understanding
of fiber and fiber theory, which was clearly articulated well before Haller’s
systematic adaptation. The rediscovery and reinvestigation of fiber and
the fiber theory of the first half of the eighteenth century will therefore
contribute to a more authentic account of early eighteenth-century medi-
cine. My research shows that the period of “iatromechanism” (a medical
doctrine based on mechanical laws derived from such fields as geometry,
mathematics, and hydraulics)® is not an infertile era in the history of medi-
cine,” but rather a time of very energetic pursuit of the formation and
elaboration of fiber medicine. Even after nervous vitalism—iatro-vitalism
informed by the knowledge of the nerves—swept the medical world, fiber
and fiber theory continued at a deeper level to feed into the knowledge of
medicine. As such, “fiber medicine” is probably a more appropriate desig-
nation for eighteenth-century medical sciences.

From a broader perspective of the history of medicine, the development
of eighteenth-century medicine has been depicted as a gradual progress
from the mechanical view of the body to the vitalistic conceptualization
of the body dating to around the mid-eighteenth century.® Accordingly,
the medical theory of the eighteenth century has been described as a pro-
gressive development from mechanism to vitalism. In the iatromecha-
nistic view, the body, imagined as a hydraulic machine, is composed of
pipes, with fluids perpetually circulating through these pipes. The vitalistic
view, on the other hand, sees the body as primarily a nervous and sensible
organism that is regulated by the brain and the nervous system. Fiber and
fiber theory do not appear to fit anywhere within these views. This book
proposes that fiber, far from being one of the categories or subsets of the
vascular or nervous system, underlies both mechanical and vitalistic under-
standings of the body and the resultant theories. In so doing, this book
will comprehensively describe the fiber-related discourse of eighteenth-
century medical theory.

A preliminary remark should be made on the range covered by this
book: the materials I consulted are primarily written in English by British
authors. An important exception is Boerhaave, whose writings deeply
influenced British authors and who was also widely plagiarized by them.
Thus, in the present book the terms “fiber medicine” and “fiber theory” by
and large designate British fiber medicine and fiber theory. Nevertheless,
I presume that it was a pan-European phenomenon—for in addition to
Boerhaave, other important figures subscribed to and contributed to fiber
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theory, for example, Albrecht von Haller, Charles Bonnet (who developed
the theory of fiber psychology), Denis Diderot, Emanuel Swedenborg
(who penned a book-length study of fiber), and Tiphaigne de la Roche
(who exploited fiber theory in his utopian fiction).” All these and other
figures make up the wealth of literature on fiber in the pan-European
context.

Fiber first entered into the English vocabulary at the end of the four-
teenth century as word meaning “a lobe or portion of liver,” with its plu-
ral meaning “entrails”; these meanings are now obsolete.’? Although the
OED registers 1607 as the earliest use of fiber in the new sense, and, theo-
retically speaking, the concept of the fiber as a basic component of animal
and plant life goes back far beyond that date,'! it was not until the late sev-
enteenth century that fiber was clearly and schematically defined as such.
In Thomas Blount’s Glossographia (1659), “fibres” were simply defined as
the “threads or strings of Muscles and Veins,” along with another mean-
ing, the small threads of roots.!> This definition of the fiber was not clear
enough to distinguish it from the “nerve,” which was defined in the same
dictionary as “a Sinew” both in a physical and in a mental sense (i.e.,
strength, force, power). Since antiquity, the nerves and the sinews had
been used interchangeably; for example, when Helkiah Crooke in his ana-
tomical textbook written in 1615 classified the vessels into three kinds,
as “Veins, Arteries and Sinews,” he meant by the last vessel the nerves
which arose from the brain.!* Neither the fiber nor the nerve were sharply
discriminated from each other, and they did not attain the high status in
anatomy and physiology that they acquired in later years. It is only toward
the end of the seventeenth century that fiber established itself as the mini-
mum building unit of the body, as the following chapters will show.

In the eighteenth century, fiber lays a foundation for knowledge. Quite
simply, to the question “What is man?,” the answer of the eighteenth-
century medical authors would be “fiber.” The fiber for them accounted
for nearly everything concerning the body and to a lesser degree the mind.
According to the fiber theorists, man begins life as a “stamina,” an elemen-
tary fiber originally enclosed in the loin of Adam; man grows as the fibers
expand, develop, and differentiate into the body parts (organs), which
are variously (and successively) interwoven by the fibers. In the process of
growth, the mental and physical faculties unfold according to the states
and the degrees of the fibers; sexual impulse, for instance, begins at the
proper time when the fiber-vessels unfold in proportion to the person’s
years to secrete the fluids fit for sexual stimulation. While in the younger
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years man’s fibers are soft and pliable, man gradually and inevitably grows
old as the fibers become harder and harder, such that they no longer admit
animal fluids, and finally death occurs. In the afterlife, man’s immaterial
soul assumes at resurrection a fiber-textured vehicle to receive rewards or
punishment. In these ways, fiber touches on everything concerning life,
death, and even afterlife.'

Nicholas Robinson, an iatromechanist of the early eighteenth century,
was only one such medical writer who drew heavily on the idea of fiber
to explain all the physiological phenomena regarding the body and the
mind: animal economy (i.e., all the functions of the body) and its aberra-
tion (diseases), temperament (individual constitution), and the individual
differences in mental abilities such as moral sense, taste, and the faculty of
feeling—all these depend in one way or another on the capacity and the
nature of the system of the fibers.!® For Robinson, life depends on the
“Harmony of the several Fibers” for its motion; sensation and motion also
proceed from the “fine Threads” of the nervous fibers.'® The different
springiness of the fibers determines individual constitutions or tempera-
ments, traditionally considered to be composed of variable combina-
tions of the four humors.'” Many kinds of differences—the difference of
nationality (between English and French), the difference of the individual
talent (between the idiot and genius), the difference of individual taste,
moral sensibility, and sexual impulse—all are most determined by fibers.!®
Thus, Robinson concludes that “all the Parts of the Animal Oeconomy,
the Intellectual Faculties themselves not excepted, are depending on the
Fibres.”! The overreaching significance conferred upon fiber led a skeptic
author to suspect that every individual fiber was “a rational Being” that
was endowed with a faculty to discriminate “what was convenient or hurt-
ful to it.”%°

The fibers’ all-embracing functions critical to life and constitution
remained in the later eighteenth century, as John Elliot, a natural philoso-
pher with some reputation, summarized as follows:

As on the action of the fibres the functions, so on the state of the fibres
the constitution, of the body seems to depend. If the fibres are strong, the
individual is strong; if weak, he is feebler. If the fibres are very irritable, he
is passionate; if the contrary, inactive and dull....Their state depends also
very much on that of the atmosphere. If the atmosphere is heavy, cold,
and dry, the fibres are elastic and strong. If light, hot, and moist, the con-
trary. Moderate cold strengthens or braces up these fibres; but excess of heat
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weakens them. Hence heat makes up feeble and faint; cold the reverse. From
knowing the state of the fibres, we are directed to apply the suitable rem-
edies. If they are relaxed, bracing and stimulating remedies are indicated;
but if too tense, those of a contrary nature.?!

Fibers here determine the life functions as well as the conditions of the
body; further, they interact with the environment, the effects of which
condition the state of the fiber solids. Elliot further argues that nervous
disorders are improperly so called because they proceed mostly from the
pathological state of the tone of the fibers.?? The knowledge of the fibers,
not the knowledge of the nerves, provides the keys to medical practice.
Among many functions that the fiber assumes in eighteenth-century
medicine, we can single out a key critical function: vibration. As the follow-
ing chapters show, the concept of vibration is variously called “elasticity,”
“tone,” “tension,” “contraction,” “contractility,” and even “sensibility”
or “irritability” by the various strands of medical authors according to
their theoretical positions. In the medical world of the eighteenth cen-
tury, the fiber body incessantly vibrates. Christopher Nugent’s essay on
hydrophobia (1753) is a case in point. Without relying on the circula-
tion paradigm that the iatromechanists embraced or an active principle
such as the nervous fluid proclaimed by the iatro-vitalists, both of which
Nugent thought inappropriate for an account of the progressive motion
of morbid affection, Nugent explained the mechanism of hydrophobia
and other contagious diseases with recourse to fiber-vibration physiology
and pathology. Nugent dismissed the active agent (nervous spirits) as the
agent of affection. He utilizes the example of a snake bite, noting that it
would take 30—60 minutes for the viper’s poison to take effect and cause
spasms and convulsions; therefore, he concluded that the nervous spirits
were not the immediate cause of contagion.?® Nugent, instead, argued for
a “vibrative Contagion” that gradually communicates the morbid vibra-
tory “spasmodic Emotions” from one infected set of fibers to others, until
the “spasmodic Contagion” catches from “Fibre to Fibre, and Part to
Part” and finally arrives at the nobler organs to cause a deadly effect on
life.>* Thus, the time lag between the insensible stricture of the coarser
solid that was bitten and the final effects upon the nobler organs could
be explained by the gradual advancement of a specific type of “morbid
Vibrations.”?® Hence, Nugent contends that “Vibration, Pulsation, and
Oscillation” of the solid fibers are the principal motions in animal func-
tions, and that health comes from “the natural salutary Oscillations” of



INTRODUCTION  Xvii

the solids, whereas irregular or preternatural oscillations lead to disor-
ders.?® Behind Nugent’s fiber-vibration theory stands the grand view of
a dynamic universe of nature that never ceases to vibrate: “All Nature
vibrates...and is in a constant Tenor of Pulsation through all its Parts.”?”
Nugent conceived the body as fibers constituted and fibers vibrated (fibers
are “always kept upon the Stretch,” and “are constantly in Exercise”).* In
what follows, I shall show that Nugent’s fiber-vibration theory exemplifies
the general paradigm of the eighteenth-century fiber body at large.

This book is composed of three parts; Parts I and II examine the fiber
body from the medical perspective, while Part III addresses some of the
cultural dimensions of the fiber body. The first two parts constitute the
main body of the argument of this book. The cultural part appears to be
ancillary to the medical part; however, as the fiber body would never be
born or grow without the socio-cultural contexts, at least two cultural
aspects of the fiber body should be addressed: the Baroque and the culture
of sensibility, both of which provide a meaningful context to the emer-
gence (the Baroque) and the development (the culture of sensibility) of
the fiber body, though the cultural implications and contexts of the fiber
body are strewn throughout and mixed with the medical part.

Chapter 1 concerns the emergence of the fiber-woven body in the
latter half of the seventeenth century. The idea of fiber as the funda-
mental building unit of the body emerged from the concerted efforts
of mid-seventeenth-century natural philosophers’ investigations of the
microstructure of the body through the microscope. After the Cartesian
renovation of the body as a hydraulic machine, many natural philosophers
discerned hitherto unseen vessels through both microscopic observations
and the anatomical injection technique, and their discoveries culminated
in the idea of the vascularity of the body. Along this discovery, anatomists
inspecting tissues through microscopes found that tissues seemed to be
woven like embroidery; the body was dexterously stitched by Nature’s
needle into finely woven textiles. Knowledge of the body’s vascularity and
texture brought about a new understanding of the body as entirely woven
of elementary fibers.

In The Anatomy of Plants (1682), Nehemiah Grew crystallized the frag-
mented ideas of discrete anatomists and microscopists who studied body
organs into a coherent whole. By visualizing the complete fibrosity of the
body and by exploiting the metaphor of textiles to describe the hidden
fabric of the inner body, Grew paved the way for the emergence of fiber
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theory and the fiber body to which most anatomists and physiologists of
the Enlightenment subscribed.

Chapter 2 attempts to deliver a comprehensive account of fiber med-
icine as elaborated by the iatromechanists from c. 1700 to the 1740s.
With the rise of solidism at the turn of the century, solid fibers were seen
to perform a pivotal function in the animal economy as the whole body
was conceived of as composed of nothing but fibers. Referring to a wide
range of medical fields, this chapter elucidates the ways that fiber served
as an indispensable concept or framework for iatromechanists to establish
their medical theories. Following in Grew’s footsteps, anatomists saw the
body as wholly interwoven by fiber-threads. In physiology and pathology,
fiber, with its innate property of elasticity, played an indispensable role in
understanding how health was maintained or disturbed. In the life sci-
ences, fiber was deemed the most appropriate concept to explain animal
growth within the preformationist framework, a dominant paradigm in
Enlightenment embryology. Moreover, the concept of fiber was employed
to determine individual constitutions and differences in gender and rank.

This chapter also highlights the metaphorical dimension of fiber as an
integral part of fiber medicine. The notion of the solid body as inter-
woven by innumerable threads like intricate embroidery contributed to
a cultural understanding of the delicate body, which loomed large in the
culture of sensibility. In re-evaluating the concept of fiber, this chapter
seeks to redress the neurocentric view of eighteenth-century medicine and
attempts to locate the fiber body amid the fundamental shift from humor-
alism to solidism.

At the heart of the fiber body was an insensible motion of vibration.
An animal machine must move everywhere; that is, the body incessantly
shakes, vibrates, undulates, and pulsates for the purpose of life. Fibers
embody this important function through a property variously called elas-
ticity, tone, or tension—an innate property residing in fibers. Chapter 3
expounds upon some issues in which the concept of elasticity is involved,
particularly the idea of body image and the contentious idea of motion as
it emerged in iatromechanism.

The first section of Chap. 3 deals with the body image conceived by the
iatromechanists and the role elasticity of the animal fibers played in that
conception. Rather than simply accepting the common assumption that
body image shifts from Mechanical Man to Sensible Man, from a machine
to an organism, this chapter argues that iatromechanists imagined the
muscular body, a body that moves just like a muscular heart. Motion is
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the main topic of the second section of the chapter. Focusing on the idea
of involuntary motion and its cognates, tones, tensions, undulations, and
vibrations, I shall trace the important shift in the view of motion from the
classical to the modern via Harvey’s contribution to the development of
the idea of motion. Vitalists of the second half of the century viewed the
elasticity of animal fiber as merely mechanical, as a property peculiar to
dead matter. The final section of this chapter concerns the aftermath of
elasticity from the mid-century on. Far from dead, the concept of elasticity
links the seemingly divided phases of mechanism and vitalism.

Chapter 4 examines the ways that the fiber body both remained and
changed in the course of the second half of the eighteenth century as med-
icine fell under the sway of iatro-vitalism. The period is divided into two
phases according to the dominant trend of vitalism; the first phase covers
roughly the 1750s through 1780, during which nervous vitalism domi-
nated the medical world but had to cope with the enduring influence of
iatromechanism. Taking as an exemplary case the medical systems of Adair
and Macbride, newly fledged iatro-vitalists, the first section of the chapter
shows how the new medical theory of nervous vitalism compromised with
the old regime of fiber mechanism. Focusing on the physiology of tone,
the first section also seeks to highlight the enduring vision of fiber. The
general framework of the physiology of tone that iatromechanists envi-
sioned in the first half of the century remained in the paradigm of vitalists’
nervous physiology.

The second section of the chapter concerns the second phase of vital-
ism, ¢. 1780-1800; during those decades, the new group, which might
be called the “Irritable Fiber” school, reintroduced and reinvented the
notion of irritability as a kind of primeval life-principle in the context of
the Hunterian vital principle. This new school distinguished itself from
the nervous one in proclaiming fiber’s irritability as a priority over nervous
sensibility in terms of animal economy. Highlighting the impact of the
laws of irritability formulated by Girtanner on the medical theorists of the
last decade, the section further argues that the fiber model disintegrated
itself within the “Irritable Fiber” school rather than the nervous one.

The first two Parts are followed by the interlude section on fiber psy-
chology (Chapter 5) before entering the cultural part. Psychology, a dis-
course on the soul, had not yet established itself as a distinct discipline,
but a wide variety of topics on the mind were fruitfully discussed in many
fields of science, including medicine. Among others, how the soul, the
immaterial substance, can manifest itself and exercise faculties through,
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by, and with the material substance, the body, the instrument of the soul
was a nagging issue among natural and moral philosophers. This chapter,
“Fiber Psychology,” briefly outlines how the medical philosophers coped
with the aporia of the mind-and-body dualism.

Chapter 6 treats an interesting case of the interrelation between medi-
cal sciences and aesthetics: the fiber body and Baroque aesthetics. The
principal focus is on membranes and folds, two critical elements of the
fiber body. These elements were associated with Baroque aesthetics with a
critical emphasis on sartorial rhetoric—a body with folds and membranes.
The first section of this chapter deals with the discovery of texture and the
Baroque (micro)-anatomy of the latter half of the seventeenth century.
Tracing the shifting ideas of écorché, draperies, and the texture of living
organisms, this section examines the ways that the discovery of texture was
the product of the Baroque sensibility. The second section of this chapter
explores how the idea and power of membranes and folds embraced by
the fiber theorists of the eighteenth century were predicated on and inter-
related with the principal feature of Baroques aesthetics—the dynamism
of folding after folding ad infinitum. Eighteenth-century fiber theorists,
particularly George Cheyne, saw membranes as the great organ allowing
the living machine to act, function, and move. Membranes were regarded
as the proper instrument and seat for elasticity to transmit vibrations
throughout the body. The Baroque aesthetics of membranes and folds
is most distinct in preformation theory and the idea of encasement—all
subsequent generations are encased in the first parents as “stamina,” an
idea identifiable with fibers, threads, or membranes, an infinite number of
which are enfolded ad infinitum in minimal space. The chapter further dis-
cusses the intricate muscle structure of caterpillars anatomized by Lyonet
and the theological argument for the resurrection of the same body in
relation to Baroque aesthetics.

Fibers’ involuntary, vibratory motion extended into a cultural phe-
nomenon called nervous sensibility, usually associated with the nerves, the
brain, and its animal economy (nervous physiology). Chapter 7 examines
the common assumption that the eighteenth century was the age of the
nerve in medicine and the age of sensibility in culture. This chapter pro-
vides an alternative way of thinking about eighteenth-century medico-
culture: the paradigm of fiber instead of the paradigm of the brain—nerve.
Pointing out the problems entailed by the brain—nerve thesis, a thesis first
advocated by G.S. Rousseau, this chapter proposes that the fiber model is
more applicable to eighteenth-century medico-culture than the nervous
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one. First, this chapter reviews fiber medicine in general, then shows the
possibility of brainless-sympathy in both medical and literary discourses,
and, finally, presents a body image (the body as a musical instrument)
pertinent to both mechanical and vitalistic medico-culture. Tracing the
origin of sensibility not to Willis’s brain anatomy, as Rousseau did, but to
Grew’s vision of the fiber-woven body, as observed in the first chapter, this
last chapter rethinks the medico-culture of sensibility in terms of fibers.

Hisao Ishizuka
Senshu University Japan
Kawasaki shi, Tama-Ku, Japan
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PART I

Prelude to the Fiber Body in the Latter Half
of the Seventeenth Century, ¢.1650-1700



CHAPTER 1

Visualizing the Fiber-Woven Body:
Emergence of the Fiber Body

This chapter deals with the emergence of fiber theory in the latter half of
the seventeenth century. Although medical writers did not fully establish
fiber theory until the early eighteenth century, anatomists, physiologists,
natural philosophers, and microscopists of the late seventeenth century
made significant contributions to the formation of fiber theory and the
idea of the fiber body. Nehemiah Grew (1641-1721), a plant anatomist,
made one such crucial contribution to the emergence of the idea of the
fiber body by most explicitly articulating the two constituent features of
fiber theory: the idea of the fiber as the minimum constituent of the body
and the idea that the whole body is variously interwoven of nothing but
these fibers.

Focusing on Grew’s anatomical works, this chapter illuminates the sig-
nificance of the new understanding of the body as fiber-woven textiles
fully visualized in his plant anatomy. Grew combined fragmented ideas
from anatomists and microscopists who studied the organs of the body
into a coherent whole. By visualizing the complete fibrosity of the body
and by exploiting the metaphor of textiles in describing the hidden fab-
ric of body’s interiority, Grew paved the way for the emergence of fiber
theory and the fiber body, to which most anatomists and physiologists of
the Enlightenment subscribed. This chapter also attempts to show that
Grew’s image of the fiber body as something that is interwoven and inter-
connected by and through fibers provided an antidote to the weakening
of the societal bonds of late seventeenth-century England.

© The Editor(s) (if applicable) and The Author(s) 2016 3
H. Ishizuka, Fiber, Medicine, and Culture in the British
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In the following section, I shall first treat the rise of the notion of fiber
as the basic building unit of the body, touching on the microscopic obser-
vation of the micro-structure of the various materials that have a crucial
impact on the view of the body as wholly composed of vessels; then I
elucidate on the discovery of “texture,” exploring the new perception of
the body as woven textiles, which culminates in Grew’s vision of plant
anatomy, the theme of the second section. The final section addresses the
socio-cultural background from which fiber theory emerged.

1 PRELUDE TO THE FIBER-WOVEN BODY

1.1  From Minima to Fiber

What is the minimum building unit of the body? What uniform element
composes this visible, tangible world of matter and especially this living
body? Although the modern concept of tissue appeared with Bichat in the
early years of the nineteenth century, a similar concept was already present
in the minds of the ancient philosophers, from Empedocles to Aristotle.!
Aristotle’s conception of the “similar parts” and the “dissimilar parts” is
perhaps most closely related to the modern idea of tissue?; according to
Aristotle, the similar parts are the parts that may be divided several times
while still retaining the same nature, while the dissimilar parts are com-
posed of various similar parts. This division of the body was favored by
anatomists and survived well into the seventeenth century.® The tradi-
tional anatomists did not seem to hold a strong motive that made them
explain the composition of the body starting with the minimum unit of
the body.

There was another Aristotelian doctrine both important and useful for
understanding the basic constituent of the body—minima naturalin, the
smallest particles fixed by nature.* In Aristotle’s account, the minima was
inseparable from the theory of substantial form. It was supposed to be
the temporary state of matter, the vehicle of “form”; once mixed, they
lost their separate entities and merged into a homogeneous compound.®
Thus, Aristotle’s minima differed from the concept of atomic particles of
Democritus, which held them to be indivisible, unchangeable, indestruc-
tible entities endowed with tangible qualities, thus serving as the ultimate
building block of all matter.® And yet, the concept of minima natura-
lin underwent a significant change in the hands of subsequent medieval
commentators on Aristotle’s texts, who conflated minima particles with
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the particles of the flesh described by Aristotle in the biological context.
Accordingly, the minima came to signify the smallest biological structural
unit.” Furthermore, during the Middle Ages, the minima began to acquire
a more direct physical meaning. While still distinguishable from atomis-
tic particles, minima were thought to be closer to them; Julius Scaliger
(1484-1558), for example, thought of minima as the first building blocks
of a whole ®

When the corpuscularian philosophy gained momentum in the seven-
teenth century, the scholastic minima naturalia was increasingly replaced
by, or conflated with, the minima of atomistic particles endowed with
three-dimensional physical qualities. The seventeenth-century revival of
atomism, however, safely purged it of any atheistic implications associ-
ated with the system of Democritus.” As Boyle pronounced, minima
naturalin “must have [their] determinate bigness or size, and [their] own
shape.”'® For corpuscularian and mechanical philosophers, the shape of
the atom or particle is often crucial in explaining the sensible qualities, as
fire atoms produce the sensation of heat through their pointedness.!! It
is no wonder, then, that corpuscularian philosophers had great expecta-
tions of the newly introduced instrument, the microscope; with its help,
they hoped to discern the particular sizes and shapes of the minute par-
ticles, so far only hypothetical entities. Their expectation was not real-
ized, but the application of the microscope to the living body led some
anatomists to search for a still smaller unit of the body, which was equiva-
lent to the physicist’s atom, and to recast the scholastic minima (already
conflated with the biological unit) into the constituent uniform unit of
the living body. The hypothetical entities designating minima, such as
Leeuwenhoek’s globule, Malpighi’s gland, and Grew’s fiber, all emerged
in this context.'?

In a rather short span of time toward the end of the seventeenth cen-
tury, however, the fiber rather than the other two candidates gained
its place as the possible theoretical limit of the living body. One reason
involves accepting that the figure of the fiber rather than that of the atom
is apt for the minima of the body. The anatomists observed through the
microscope the living body’s new micro-worlds as something resembling
fibers and depicted these strange landscapes employing the fiber trope, as
I shall show in this chapter. For instance, the texture of the skin, exam-
ined under the microscope by Hooke, appeared to consist of “a great
many small filaments, which are implicated, or intangled one within
another, almost no otherwise then the hairs in a lock of Wool...; but the



6 H.ISHIZUKA

filaments are here and there twisted...or interwoven, and here and there
they join and unite with one another, so as indeed the whole skin seems
to be but one piece.”’® Even Leeuwenhoek, who had initially thought
the globule to be the fundamental unit of the matter, was overwhelmed
by evidence of an abundance of longitudinal rather than spherical ele-
ments; the worlds made up by the fiber, the filament, the thread, and the
pipe eclipsed those made up of the globule: “those Membranes [of the
carneous fibers of muscles] are made up of so many filaments or threds....
Observing these Membranes more narrowly, I saw, that they do wholly
and only consist of small threds running through one another; of which
some, to my eye, appear’d to be 10, 20, and sometime 50 times thin-
ner than a hair.”!* Persuaded by these observations, Lecuwenhock finally
dropped his own theory of globules in 1682, though he first doubted it
as early as 1677.1® Having found that the globules composing the muscu-
lar strings were not globules but “Rimples,” Leeuwenhoek imagined that
there must be still smaller elements which could be further resolved into
much smaller units:

If every Muscle be composed of so many thousands of Muscular chords,
each inclosed with its particular membrane, and every Muscular chord be
made up again of so great a number of Muscular strings, and every Muscular
string be yet further composed of such number of filaments, perhaps 200,
why may not each of these filaments themselves be yet a Muscle and con-
tain or be made up of a lower or smaller degree yet of filaments, and each
of them be inclosed with a membrane, since we yet find that our furthest
discoveries come short of seeing the utmost curiosity of Nature.'®

This process seems endless: “who knows but that still there may be
another inferior order of filaments, and the every one of these two and
thirty hundred filaments contained in one single Muscular string, may be
yet father composed of great number of less filaments?”!” The Chinese-
box-like structure of the filaments within a filament reminds us of the
traditional notion of the similar part, which is likewise divided into the
same substance (theoretically this process is endless). The ultimate (the
smallest) element would not be discernible even by the most powerful
microscope, but it could be analogically inferred from the Chinese-box-
like structure of the filament (the fiber): it must have the same figure as
before.
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1.2 The Body as Vessels

Another reason the fiber was singled out among other candidates concerns
the new perception of the body as wholly composed of vessels. Around
the same period when the microscopists were avidly scrutinizing the finer
texture of substances, anatomists began to discover hitherto unseen ves-
sels in the inner space of the body through combination of the new tech-
nique of anatomical injections with microscopic inspections.!® Harvey’s
discovery of the circulation of blood and the Cartesian renovation of the
body as a hydraulic machine constituted the background for the develop-
ment of the injection technique. Christopher Wren suggested in 1665
that the injection technique might be serviceable for discovery of the
new vessels.”” Wren’s anticipation was soon fulfilled by Frederik Ruysch
(1638-1731), the professor of anatomy at Amsterdam whose superb tech-
nique of injections came to be known as the “Ruyschian art.”?® Ruysch’s
method enabled him to discover and clearly show the unexpected vessels
in almost all living tissues, from bones to ligaments to tendons to mem-
branes.?! Ruysch became the most influential proponent of the vascularity
of the body, the idea of which had already circulated among the Dutch
medical circle.??

The vascularity of the body was also demonstrated by another instru-
ment, the microscope. Malpighi had discovered the capillary blood ves-
sels in the lungs as early as 1661, and their marvelous distribution and
appearance throughout the whole body were much more closely exam-
ined by Leeuwenhoek over many years.?* Following the discovery, many
anatomists began to examine the ever-finer texture of various organs such
as the liver (by Glisson), the heart (by Lower), the glands (by Wharton
and Malpighi), the kidney, the lungs, the tongue (by Malpighi), the brain
(by Willis), and the genital organs (by de Graaf), the results of which
were incorporated in the magnificent atlas of Anatomia humani corporis
(1685) by Bidloo.?* As the Cartesian hydraulic machine provided the most
persuasive model for understanding bodily function,?® the physiology of
secretion was key to unearthing the mysterious process of life. The com-
plicated sieve-like structure of the organs (especially of the glands), as
Malpighi imagined, might be responsible for the selective process (i.e., to
select the specific fluid from the circulating fluid, mainly the blood), but
more probably the vascular configurations and distributions peculiar to
the organ were assumed to account for the process of secretion.? Ruysch
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convincingly demonstrated that there were not two vascular systems
distributed alike through the body.?” As a result of Ruysch’s injection
experiments, the functions of the tissues were all ascribed to the infi-
nite variety of disposition and peculiarities of their vascular supply.?® The
increasingly refined vascular physiology and the hidden vascularity of the
body successively discovered using anatomical techniques served to estab-
lish the new perception that the body was wholly composed of vessels.

The parenchyma provides an illustrative case for the formation of the
complete vascularity of the body. The traditional anatomists assumed the
parenchyma as “the Entrails.”?® More specifically, the parenchymous parts
were believed to designate those fleshy parts of the body consisting of
“a mass or coagulum of blood,” filling up the voids between the vessels;
therefore, they were supposed to be devoid of vessels.?® In the early 1660s,
however, Edmund King, an expert anatomist in England, overturned this
assumption. Convinced by his own experiments that most parenchymous
parts were made up of vessels, which were “curiously wrought and inter-
woven (probably for more Uses, than is yet known),”?! King made several
experiments of the same kind on the various glands, including the tes-
ticle. These experiments led him to confirm his new idea that the paren-
chyma was nothing else but a “Congeries of Vessels and Liquors without
any intermediate substance.”®? It happened that two anatomists on the
Continent reached the same conclusion regarding the parenchyma in the
1660s: Steno on the muscles and Malpighi on the lungs and the kidney
respectively laid bare the true nature of the parenchyma.®® The corollary
of this discovery was rather simple: if the parts hitherto believed to be
non-vascular (“Interstices between the Vessels”)** turned out to be noth-
ing but a congeries of vessels, then the whole body could be construed as
composed of the masses of vessels. Consequently, almost all the entrails
(i.e., the heart, the lungs, the spleen, the liver, etc.) were found to consist
of various vessels, and in many cases, they looked fibrous.

From this context, it could be argued that the figure of the fiber was
evoked as the minima of the solid body in tandem with the renewed inter-
est in the body as wholly composed of vessels. Strictly speaking, the fiber
differs from the vessels, but the terminology employed by anatomists was
far from precise, especially in the field of microscopic anatomy, because
anatomists relied on everyday language (such as ropes, strings, filaments,
threads, pipes, bushes, and forests) to describe the newly discovered
micro-worlds. Leeuwenhoek, in describing the structure of a hair, for
instance, did not hesitate to employ several technical terms interchange-
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ably, as he says the whole hair consisted of little strings, or fibers, or pipes,
or vessels.® The interchangeability and malleability of the word “fiber”
combined with the understanding of the vessel®® served to conflate the
closely interrelated views—one that sees the body as wholly made up of
vessels and one that sees the body as made up of the innumerable fibers.

1.3 The Body as Textiles

As seen above, the scholastic minima were gradually reinterpreted as the
atomistic building block endowed with definite, tangible qualities. The
primary properties of atomistic matter—bulk, figure, and motion or
rest—were, however, not sufficient to explain the world. Boyle frequently
referred to the notion of “texture” (the internal disposition or configura-
tion of the matter) as a determining feature to produce sensible qualities
and other natural phenomena. Boyle ascribed the different effects of the
same heat on two eggs—the one prolific, the other barren—to the differ-
ent arrangements of their textures.?” Texture even explained supernatural
phenomena such as the resurrection of the body.®® If a slight mechanical
alteration of the texture of a body changes its sensible qualities, argues
Boyle, God can work by “changing the texture of a portion of matter”
in transforming the vile body into the glorious one.?” The corpuscularian
philosophers reintroduced the theory of form through the backdoor, by
inventing the notion of texture, which would explain the otherwise unin-
telligible phenomena, especially those of the biological domain.*

Around the same period when the corpuscularian philosophers reinter-
preted the scholastic theory of form in terms of texture, the microscopists
amply observed the finely woven texture of micro-worlds.

The success and popularity of Hooke’s Micrographia (1665) undoubt-
edly lie in its outstanding details of the subtle texture of matters (both in
verbal and pictorial—but the visual representations are more striking). As
the newly emerged world revealed by the microscope was entirely new
and unexpected, the microscopist had to borrow from the common lan-
guage terminology or metaphors to make sense of the otherwise unintel-
ligible micro-world.*! A set of metaphors from the textile and weaving
industries was an apt choice, for the substance (especially the living body)
was, in closer analysis, seen to be woven like embroidery or a garment.
As a result, descriptions of the microscopic world are fraught with “tex-
tile” words peculiar to woven fabric, such as “text(ure),” “context(ure),”
“intertext(ure),” “cloth,” “wool,” “lace,” “warp and woof,” “knitting,”
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“spinning,” “weaving,” “interweaving,” “thread,” “filament,” and, of
course, “fiber.” Hooke, for instance, having examined several kinds of
mushroom, compared their texture to “a kind of cloth™:

Having examin’d also several kinds of Mushroom, I find their texture to
be somewhat of this kind, that is, to consist of an infinite company of small
filaments, every way contex’d and woven together, so as to make a kind of
cloth.*?

The sponge (a kind of zoophyte) was seen to consist of an infinite number
of the small fibers, “curiously jointed or contex’d together in the form of
Net.”* The cloth metaphor was even more explicitly employed in describ-
ing the surfaces of rosemary: “There are multitudes of leaves, whose sur-
faces are like this smooth, and as it were quilted, which look like a curious
quilted bag of green Silk.” And he went to conclude that “Nature in this
[is], as it were, expressing her Needle-work, or imbroidery.”**

It is no wonder, then, that anatomist contemporaries of Hooke also
appropriated the world of textiles for the complicated but marvelously
contrived micro-structure of the living body. Edmund King found that
the parenchymous parts turned to consist wholly of vessels “curiously
wrought and interwoven,” and compared them to “a piece of fine Cloth
(which consist of so many several minute Hairs, call’d Woo/).”*> Glisson,
another anatomist of the era, also found the textile metaphor useful for his
description of the texture of the skin: “[Proper fibers] being much of the
condition of thread, are as it were woven into a kind of cloth... [and] they
better resemble that texture of wool which is seen in felts.”#¢

The visual representations sometimes even more effectively exhibit the
anatomists’ perception of the textile body. Edmund King’s figure of the
“Embroidery of Veins and Arteries” gives clearer evidence of how he per-
ceived the texture of the testicles in terms of textile embroidery. Displaced
onto the two-dimensional space, the texture surprisingly resembles a piece
of textile.*” Another example can be seen in Willis’s scheme of the ner-
vous system of the neck, which is like a transparent piece of textile. Other
examples from anatomical illustrations amply show the textile image of the
body. These include Bibliotheca Anatomica, a valuable collection mainly
selected from later seventeenth-century anatomical writings in Europe,
ranging from Bartholin, Glisson, Lower, Malpighi, Willis, Diemerbroeck,
and Bidloo to Ruysch*® (Fig. 1.1). An appendix attached to the first vol-
ume of James Drake’s Anthropologia Nova is, in its scale, a more compre-
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Fig. 1.1 Internal parts of the body, from Bibliotheca Anatomica (1711-1714);
Wellcome Trust Image Collection

hensive collection of the anatomical illustrations, drawing on the same
sources as in Bibliotheca Anatomica.** Thomas Willis’s gorgeous plates
for Pharmacentice Rationalis are more compelling in the size, detail, and
vividness of the images of the specimen. At times, the anatomical speci-
mens are displayed in the form of a piece of cloth, which indicates that
the micro-texture of the membranes is closely related to the textile fab-
rics.®® The textile-like patterns embedded in these anatomical tables are
clearly shown in some of these figures as if they were an anatomical pat-
tern book of the human body.?! What these anatomical illustrations lay
bare is that the animal/human body is dexterously stitched by Nature’s
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needles into finely woven textiles. Going deeper into the hidden recess
of the invisible space of the living body, strangely the anatomists found
themselves beholding the external coverings (the woven clothes) in which
the living body is ordinarily enclosed.

2 GREW’S PLANT ANATOMY AND THE FIBER BODY

2.1  Grew and the Fiber

When Nehemiah Grew compiled his 1670s work into the Anatomy of
Plants (1682), the metaphor of embroidery, textiles, and weaving, on
which he heavily relied in depicting the anatomical structure and texture
of plants, was already familiar to anatomists. And yet, it was Grew who
gave a decisive step to the notion of fiber theory and the fiber body by pre-
senting a lucid and comprehensible understanding that the whole living
body was variously knit and interwoven by an infinite number of fibers,
which were thought to be the minima.

In the Anatomy of Plants, Grew clearly distinguished the two types of
tissue (or structural unit)—the parenchymous and the ligneous (“the Pithy
Part and the Lignous Part”>?). All the parts of the plant are composed of
these basic tissues; but more fundamentally, the two types of tissues are
distinguished by, and therefore built up by, two basic elements: the more
or less spherical units called bladders and the elongated vessels. And yet,
more importantly, both basic elements consist of “Fibres.” He concludes
the discourse with an illustration of the texture of the pith and by exten-
sion of the whole plant:

[Als the Vessels of a Plant, sc. the Aer-Vessels and the Lymphaducts are made
up of Fibres; according to what I have in their discourse above said; so the
Pith of a Plant, or the Bladders whereof the Pith consists are likewise made
up of Fibres. Which is true also of the Parenchyma of the Barque. And also of
the Insertionsin the Wood. Yea, and of the Fruit, and all other Parenchymons
Partsof a Plant. | ...] Whence it follows, that the whole substance, or all the
Parts of a Plant, so far as Organical, they also consist of Fibres.>

Thus, Grew established the fiber as the minimum unit of the plant struc-
ture. In his last work, Cosmologia Sacra (1701), a religious and philo-
sophical treatise, Grew rendered in a more lucid expression that the whole
plant was composed of “two Species of Fibres,” and argued that “all the
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Parts, from the Root to the Seed, are distinguished one from another, only
by the different Position, Proportion, and other Relations and Properties,
of those two sorts of Fibres.”* Although these fibers were ultimately invis-
ible, therefore, hypothetical, he alleged that even those parts that were
neither formed into “visible Tubes, nor into Bladders” were “yet made up
of Fibres.”®®

Searching for the invisible texture of the plant’s fabric, Grew employed
the metaphor of the textile and weaving more amply than any other anat-
omist. For example, he described the roots “as a piece of Cloath,” and
the parenchyma of the skin “as a Glove is to the Hand.”*® They are only
the tip of the iceberg.’” The notable example among others is the one
about the texture of the pith, whose “Contexture” is totally “Fibrous.”
Here Grew made an explicit analogy between Nature’s work and “ Needle
work”:

[T]he Vessels running by the length of the Root, as the Warp; by the
Parenchymouns Fibres ranning cross or horizontally, as the Woof: they are thus
knit and as it were stitched up together. Yet their westage seemth not to be
simple, as in Cloath; but that many of the Parenchymouns Fibres are wrapped
round about each Vesse/; and, in the same manner, are continued from one
Vessel to another; thereby knitting them altogether, more closely, into one
Tubulary Thred; and those Threds, again, into one Brace: much after the
manner of the Needle work called Back-Stitch or that used in Quilting of
Balls.®® (Fig. 1.2)

Grew’s text, as it were, is stitched and closely embroidered by the cluster
of textile metaphors. And, indeed, Grew was highly conscious of employ-
ing the textile trope. When Grew compared the whole body of a plant to
a piece of “fine Bone-lnce” in explaining the “true Texture of a Plant,” he
explicitly referred to women working on a cushion, because both the tex-
ture of a plant and “Cloth-Work” are contrived in the same way.*

Just as Hooke’s Micrographia was praised for the minutely detailed
visualization, so did Grew’s work owe its success to the gorgeous pictorial
representations of a plant’s structure. The illustrations amply demonstrate
the fibrosity of the inner and outer structures of plants as wonderfully
woven fabrics. Both in the verbal description and in the pictorial represen-
tation, he succeeded in visualizing the inner structure of plants as a textile
fabric.
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Fig. 1.2 “Contexture of Perpendicular and Horizontal Fibers,” from Nehemiah
Grew, The Anatomy of Plants (1682), table 40; Wellcome Trust Image Collection

2.2 Plants and Animals: Comparative Method

The idea of the fiber-woven body seems to be restricted to the vegetative
world, and not to be applied to the animal one, whose complex structures
make difficult an easy adaptation. So, how can Grew extend the fiber body
to the animal kingdom? The key lies in the analogy and comparison of the
plant with the animal. Indeed, Grew had studied animal anatomy before
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he engaged in plant anatomy,*® and one of his aims in his study of plant
anatomy was to demonstrate that plants had similar organic structures
to those of animals, and by extension that plants were contrived in the
same manner as animals (“a Plant s, as it were, an Animal in Quires; as an
Animal s a Plant, or rather several Plants bound up into one Volume”®!).
The rationale for the analogical thinking was the principle of uniformity
of nature, that is, nature has a uniform plan to contrive natural creatures.
This view seems to have been shared widely among anatomists and micros-
copists at that time.®? The marvelous micro-structure of the tiny insects
seen through the microscope (they had a whole set of the same organs as
those of other animals) may have promoted this view.

The analogical relation between plants and animals was always present
in his mind.®® For example, Grew’s distinction of the two types of tissues
in plant anatomy was based on a traditional classification of the body in
animal /human anatomy (e.g., the division of the body into the spermatic
parts and the fleshy parts, or into the vascular parts and the parenchymous
parts). Moreover, the correlation of the vessels between plants and animals
appeared to be obvious, for “as the Sanguineous Vessels in an Animal are
composed of a number of Fibres, set round, in a Tubulary Figure, together:
so are these Lymphaducts or a Plant.”®* The apparent lack of some organs
in plants correlative to those of animals did not mean that plants were infe-
rior to animals; even though plants were, in some cases, not endowed with
organs identical to those of animals, plants were, instead, supplied with
organs analogical to those of animals. Grew explained away the apparent
lack of viscera in plants with recourse to the comparative method: “what
the Viscera are in Animals, the Vessels themselves are in Plants. That is
to say, as the Viscera of an Animal, are but Vessels conglomerated: so the
Vessels of a Plant, are Viscera drawn out at length.”% Finding a great agree-
ment between the animal and the plant, Grew implied that the body of
animals was also composed of fibers, and argued that the fibers composing
the body of an animal were “of two general Kinds” as in the plant.5¢

Around the time when Grew’s last writing was published, the idea of
the fiber body had just entered into the realm of human anatomy, to which
Grew’s analysis of plant anatomy had a great contribution. Therefore, we
should revise the Whiggish interpretation of Grew that the analogies and
metaphors he employed “misled” him to concentrate on cell walls (the
woven fabrics), not on their content, as Bolam argues—the view that mis-
takenly puts him in the place of the unfortunate precursor of the dis-
covery of cell.” On the contrary, the textile and weaving metaphor and
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the analogy between plants and animals—Grew’s analytical tools for plant
anatomy—would rather make Grew’s account more plausible and cogent
for the late seventeenth-century anatomists, who, in another realm, dis-
covered the complete vascularity of the animal /human body whose organs
were spun with finely woven textiles. To put it differently, Grew’s view of
the complete fibrosity of the plant’s body would serve to consolidate into
a coherent whole the otherwise fragmented and isolated vision of anato-
mists of the discrete organs of the animal /human body.®

3 FIBERS AND SOCIETY

3.1  Atheism and Natural Theology

There is no doubt, as many historians have argued, that especially in later
seventeenth-century England, there was a vivid apprehension and deep
fear of phenomena that people called “atheism”; however, these phenom-
ena were extremely shadowy, despite the exaggerated rhetoric used by
accusers. The Puritan Revolution left a deep psychological scar on the
minds of those who shared a widespread revulsion against political radical-
ism and religious “enthusiasm.”®® Hobbes’s materialism and Epicurus’s
atomism were perhaps the main strands of the heterodoxy of the time (the
later seventeenth century added to them Spinoza’s pantheism).”® New
science, with its association with atomistic philosophy (a chance-driven
world of the fortuitous concourse of atoms), was always in danger of
acquiring the label of heresy, although Restoration atomism was consid-
ered by its defenders to have been baptized along the line set by Gassendi
and Charleton (God had endowed matter with an internal principle of
motion at Creation).”! Many mechanists took up Gassendi and Charlton’s
stratagem of rehabilitation of atheistic atomism. Corpuscularian mecha-
nism could easily raise the specter of a materialist view of the world totally
devoid of intelligent beings.”> Many supposed that God’s direct interven-
tion was not necessary; therefore, it often was regarded as atheism.”?
Natural philosophers defended against charges of atheism in the form
of natural theology (or physico-theology)—the argument from design,
an attempt to prove the existence of God by pointing to the complexity
and beauty of the natural world. The newly invented microscope pro-
vided powerful evidence that proved the incredible beauty and regularity
of the natural world and the purposefulness of God’s design in nature.
Microscopic research into living nature and anatomical observations of the
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body of living creatures were essential to demonstrate divine providence
and an end in nature, to purge any implication of atheism from their phi-
losophy. Natural philosophers thought that as a divine architect God must
have a design, which was made visible in His products of living nature
thanks to the modern engine, the microscope.

In this context, what the above-discussed microscopists-cum-anatomists
discovered was not only the fiber or the texture of the body but also God’s
unmistakable intelligence and existence in nature, which were embedded
in the wonderfully woven fabrics of the body. The fiber body enabled pre-
cisely that which atomistic matter theory attempted but could not accom-
plish: namely, to purge as completely as possible the atheistic innuendo of
their philosophies. This is one reason why the atomistic particle was not
adopted as the minimum or the theoretical limit of the living body, even
though many anatomists considered that the fiber was formed of atoms
(earth particles) cohered with a glue-like substance. The fiber of living
beings, rather than the atomistic particle of matter, was an appropriate
choice for many apologetics.

3.2 Biding and Re-Weaving Social Body

The shift from atom to fiber, placed in a broad social perspective, also
reflected a change from the chaotic social and political order of the Civil
War period to the relatively stable social regimen of the Restoration. The
familiar parallel between the physical body and the social body could be
easily evoked in these periods—the potentially fortuitous atom and the
chaotic social order in which the “individual” atom (the Greek word “ato-
mos” means “undividable”) purposelessly moves and “dances” around.”™
As Stephen Clucas argues, the radical instability of matter (atom) with its
potential for disintegration and consolidation, which would unconsciously
raise the deep-seated anxiety of social and moral disorder, was the focal
theme in seventeenth-century discourses on atomism.”® It is a short step
from a Demo-critic to a demo-cratic view of atomism, as John Evelyn’s
lines show: “No Monarch rules the Universe. / But chance and Atomes
make this All / In order Democraticall / Without design, or Fate, or,
Force.””¢ Seen in this context, Grew’s vision of the fiber body is consid-
ered to emerge as a social antidote to the apparent weakening of societal
bonds, which atomistic philosophies could not remedy (on the contrary,
the atomistic mechanism seemed to escalate the debilities of the social
body). It could be argued that the formation of the fiber body at that
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period was interrelated with a broad social and cultural concern for restor-
ing and re-constituting the social order, and with the pressing need of
re-binding and re-weaving the relation of the individual to the society as
a whole. This would probably explain the fact that the fiber body in its
most explicit form was first articulated by Grew, whose country witnessed
unprecedented turmoil throughout the seventeenth century.

4 Copa: THE RISE OF SOLIDISM

It requires a radical step within medical theory to recognize the signifi-
cance of the fibers as not only the component of the vessel but also the
essential agent to the solids as a whole; this step is a move from the tra-
ditional medical theory of humors to that of what later historians would
call solidism.”” The Galenic humoral physiology and pathology had long
taken a firm grip of medical practitioners and theorists alike; it was only in
the course of the eighteenth century that the Galenic picture was gradually
replaced by the modern one. Though this is not the place for a detailed
tracing of the change, the rise and development of fiber theory were
inseparable from the gradual shift of medical doctrine from humoralism
to solidism. The fact that Hoffmann and Baglivi, whom later historians
usually characterized as the founders of solidism, put a great emphasis on
the role of the fiber in their medical theories testifies to this connection.”®
Working slightly earlier than these two founders of solidism, Isbrand de
Diemerbroeck (1609-1674), a professor of medicine and anatomy at
Utrecht University, consciously tried to alter the significance attached to
solids, by dislodging the humors’ all-sweeping importance. In a section
treating the division and parts of the body, de Diemerbroeck, denying the
traditional threefold division of the body into “things containing, things
contained, and things that move or have in themselves the power of motion”
(in Hippocrates), or into “Solid part, Humours, and Spirits” (in Galen),
boldly asserted that only the solid parts (or the containing parts) were the
true parts of the body.” Although the solids parts need to be nourished by
the humors (so the solid parts were also traditionally called the “nourished
parts” in contrast to the “nourishing parts” of the humors),¥ the humors
cannot be called a part of the body, because, by definition, the part must
be joined to the whole in continuity not in contiguity, as “Wine contained
in a vessel cannot be called a part of vessel...because there is no continuity
between them.”8! The humors cannot be parts, he continues, until they,
by concoction, are changed into the substance of the parts of the body, for
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“a bone is not blood, and blood is not a bone.”3? Therefore, even though
people cannot live without the humors, they are not necessarily the parts
of the body.®* Moreover, and this is crucial to the formation of solidism, it
is from the solids that actions immediately proceed; actions, as commonly
believed, do not come from the humors or spirits, which were sometimes
technically called the “impetuous substances.”® For the humors and spir-
its are bred and moved by the solids, such as the heart and the brain, not
the other way round. It is the action of the solids on the fluids that makes
the latter integrated into the organism of the body:

So the Heart and other solid Parts are not moved by the humours and spir-
its, but act upon the humours and spirits, they move, attenuate and concoct
them till at length they turn their apt particles into a substance like them-
selves, and so apply and unite them to themselves, and make them parts of
the body, which they were not before they were applied and assimilated.®®

In de Diemerbroeck’s system, the solids almost take over the privileged
role of the spirits, which he manages to relegate to the “medium” of
the soul. Traditionally, the spirits were regarded as the “instrument” of
the soul, as Crooke indicates: “By spirits we understand the primary and
immediate instrument of the soule, which the Stoicks calleth the Band
which tyeth the soule and the body.”®¢ By contrast, de Diemerbroeck
tries to neutralize the meaning of the “instrument” into a rather prosaic
notion of “medium”: “the Spirit is no more an Instrument that moves
the Body, than the Air is the Instrument that moves the Sight or Hearing.
So neither are the spirits the Instrument of the soul, but only the neces-
sary Medium, by which the active Soul move the instrumental Body.”%”
Thus, by dethroning spirits from their privileged seat, de Diemerbroeck
opens up the new possibility for solids, a possibility which fiber theorists
of the subsequent generations soon capitalized on. The chapters that fol-
low explore the ways that these fiber theorists struggle to depart from the
traditional doctrine of humoralism to create a new body of knowledge on
solids.

NOTES
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PART II

The Fiber Body in Eighteenth-Century
Medicine



CHAPTER 2

“Fiber Body” in the Era of Iatromechanism,
c. 1700 to 1740s

This chapter deals with this important aspect of British medical theory in
the anatomy, physiology, pathology, therapeutics, and biology of the first
half of the eighteenth century. I shall show that the implications of fiber
in eighteenth-century medicine are significantly broader than one might
assume. In anatomy, the fiber as the minimal building unit became the
key to the inner mysteries of the body. In physiology and pathology, fiber,
with its innate property of elasticity, played an indispensable role in under-
standing how health was maintained or disturbed. In biology (i.e., life
sciences), fiber was deemed to be the most appropriate concept to explain
animal growth within the preformationist framework, a dominant para-
digm in enlightenment embryology. Moreover, the concept of fiber was
employed to determine individual constitutions and differences in gen-
der and social rank. In short, fiber and “fiber theory” occupied a critical
place in eighteenth-century medicine, particularly in theoretical medical
discourse. Eighteenth-century medical discourse from c. 1700 to 1740s is
pervaded with fiber-related terms and descriptions such as “membranes,”
“web,” “stamina,” “weaving,” “vibrating,” “folding,” “tone,” and “ten-
sion,” rather than “nerves” and the “nervous system.” These and similar
fiber-related words constitute the terminology of the “Fiber Body.” The
prevalence of this vocabulary bears witness to a concerted effort of medi-
cal theorists to transform the older medical theory of the “humoral” and
fluid body into a theory of solidism.
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1  Tae ANATOMY OF THE FIBER-WOVEN BoDY

The fiber theory, narrowly understood as the theory that assumes that the
whole body is composed only of fibers, was first formulated in the anatom-
ical field in the late seventeenth century. From the mid-seventeenth cen-
tury, natural philosophers and plant and animal anatomists explored the
micro-structure of body parts through the microscope. They eventually
proposed that fibers were the minimum building unit of bodily compo-
nents, and perceived the body as entirely interwoven of elementary fibers.
This new understanding of the body was first articulated and visualized in
The Anatomy of Plants (1682) by Nehemiah Grew. By the end of the sev-
enteenth century, this idea was introduced to the field of human anatomy.
On the Continent, Friedrich Hoffmann, a professor at the University of
Halle, set forth a doctrine of solid pathology in his medical textbook,
Fundamenta Medicinae (1695). His doctrine posited fibers as the fun-
damental building unit of the body, suggesting that “fibres are the basic
threads and filaments of all the parts”; he saw the body as being skillfully
woven of these threads.!

One sign of the transition of fibers into human anatomy in England
can be seen in a medical text by Bernard Connor, a renowned Irish-born
physician. In 1697, Connor published in Latin a controversial book on
miracles, which claims to provide medical proof for miraculous cures.?
Because of this scandalous assertion, his book stirred the minds of clerics
and medical practitioners alike. In the present context, Connor’s book
is important in that he presented a rudimentary idea of fiber anatomy.
Seeing the body as composed of two kinds of fine threads (i.e., “vessels
and vascular filaments”), Connor perceived the structure of the human
body in a similar way to that of the later Enlightenment medical prac-
titioners.> The “vessels” refer to the veins, arteries, nerves, and lymph
ducts, which, according to most medical writers of that time, compose
the entire body. Nevertheless, Connor argues that the countless “vascu-
lar filaments” also participate in the composition of the body by com-
prising bones, cartilages, ligaments, membranes, tendons, muscles, and
glands. These filaments are laid over one another and form “little plates
of filaments,” which swell up in length and breadth through the action of
the blood, finally forming the “splendid structure of the human body.”*
Identifying solids as thread-like substances, Connor also thought, in much
the same way as the later iatromechanists, that bodily health consists of the
interaction of solids and fluids.® Because Connor died in 1698, soon after
this publication, his research was unfortunately not extended.
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In the year of Connor’s death, the idea of fiber anatomy found clear
expression in James Keill’s small textbook on human anatomy. Keill, a
Newtonian physiologist and anatomist, for the first time in the history of
English anatomical textbooks departed from the traditional division of
the human body, and consequently from the common position taken by
most authors of anatomical textbooks, of dividing the human anatomy
into similar and dissimilar parts and contained and containing parts, or of
describing which parts belong to which side of the body. Keill pronounced
such a fastidious definition and division of components unnecessary and of
no great use for students, since the fact that “ A/l the Parts arve made up of
Fibres” was sufficient basis for the anatomical knowledge of the body. After
defining the three kinds of fibers from which all body parts are formed,
Keill offered a final criticism of the traditional division of the body:

Now the several Parts of the Body are formed by various textures and dif-
ferent Combinations of some or more of these Fibres; and therefore tho’
commonly the Bones, Nerves, Ligaments, Cartilages, Veins and Arteries are
reckoned Similar Parts, that is Parts made up of one Sort of Fibres, yet all of
them have either more or less of different sorts of Fibres, and may be called
Dissimilar Parts, as well as the Lungs or Stomach.®

The seemingly similar parts are actually composed of different kinds of
fibers, which reveals the composite texture (structure) of the body parts;
hence, Keill’s statement that there are “ No Similar Parts” in the body.”
Keill later modified this view. He withdrew the above statement from
the fifth edition and added a new phrase to the passage that defined
the three kinds of fibers, “And most of them, when examined with a
Microscope, appear to be composed of still smaller Fibres.”® Although
Keill’s version of “fiber anatomy” was rather unelaborated, his innovative
rendition of fiber theory in human anatomy was widely shared by other
anatomists, as Keill’s book became a standard textbook.® The enduring
idea of fiber anatomy can be seen in Quincy’s equally popular Medicinal
Dictionary, published almost a century after Keill’s book; notwithstand-
ing the announced “improvements” made by the latest authors, it still
listed the same description of the body as composed of fibers.!® Many
medical practitioners of diverse theoretical backgrounds embraced the
idea of fiber anatomy, whether or not they were more inclined to the
mechanical philosophy, Newtonian physics, or a quasi-vitalistic natural
philosophy.
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The complete version of fiber anatomy as developed in the first half
of the eighteenth century can be described as follows: the simplest fibers
(i.e., the smallest unit of solid body that is unable to be dissolved by any
force), when united, forms other tangible fibers that are applied to each
other in a parallel direction. These tangible fibers constitute the small-
est membranes, which in turn, if bound together, form the smallest ves-
sels. From the smallest vessels, united in a longitudinal direction, arise
the membranes of a second degree with their characteristic thickness and
strength, which again are bound together to create vessels of the second
degree. This cyclic process from the fibers/vessels to the membranes and
again to the vessels continues up to the largest “vessels” (i.e., the viscera),
which are composed of all the fibers, vessels, and membranes found in the
human body. Therefore, through various textures and different combina-
tions of fibers, the membranes and the vessels successively constitute the
substantial parts of the body.!! Cheyne, an intriguing natural philosopher
who subscribed to the fiber-membrane theory, depicted fiber anatomy
using an illuminating descriptive tincture that was typical of the era:

All the solids of the Body...resolve themselves...into such [least] Fibres at
last. They are probably platted and twisted together...or make the larger
sensible Fibres; and these again are either united in Bundles to form the
Muscles, Tendons, Ligaments, &c. or woven into a fine Web, like cloth, to
make the Membrane, the coats of the Vessels, &c.!?

Therefore, what is the fiber that makes up all the solid animal bodies?
First, the nature of the fibers was that of threads or filaments, and fibers
were often characterized as long, slender, white threads in the form of fila-
ments.'* The thread-like nature of fiber was of particular concern to the
anatomists as they depicted the body as entirely interwoven of thread-like
fibers. It must be stressed that the most minute fiber or vessel was nothing
but a hypothetical entity that was not visible even with the help of vari-
ous types of instruments. The nature of the smallest fiber was interpreted
by analogy with the larger sensible vessels that were visible and which by
close inspection were found to be composed of numerous further minute
fibers, which in turn were made up of even more minute fibers. This pro-
cess seemed to continue indefinitely to an ultimate limit that could only
be speculated. This limit was generally called the “least fibre,” although it
was sometimes called the least “vessel,”!* and sometimes, confusingly, the
“nerve.”"® Anatomists were perplexed by the smallness of the fibers, the
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extremely large number of which posed the sheer impossibility of count-
ing them. Keill, for instance, argued that the fibers of a muscle, which
were nine times smaller than a strand of hair, were each made up of a
hundred smaller fibers. He then stated that “each of these must have had
Nerves, Veins and Arteries,” and each of them are made up of a hundred
more fibers, then still more fibers, and so on.'® Boerhaave too mused on
the minuteness of the least vessels and calculated that 100 million of them
might be contained in one grain of sand.!”

The classification of the different kinds of compound (sensible/vis-
ible) fibers was no less confused than the nature of the simplest (invisible)
fibers. Some anatomists divided fibers into three classes according to the
degree of softness and flexibility, that is, from the softest to the hardest.!®
Other anatomists classified fibers according to their functions, as either
motive or sensitive, which could probably be traced back to the animis-
tic definition of fiber by the English physician and physiologist Francis
Glisson.' Whatever the division of the fibers, fiber in general is much the
same in its original formation; therefore, the different states and proper-
ties of the specific parts, or the whole formation of the individual body,
largely derive from the various textures and combinations of the different
kinds of fibers.?° By extension, the different physiological and pathological
states of the physical temperaments of individuals are partly determined by
the anatomical warp and weft of the fiber-woven body (see below).

Even more significant than the idea of the body being entirely fibrous
is the use of metaphor to describe fiber anatomy. Detailed research into
the micro-structure of the inner parts of the body inspired anatomists to
employ a variety of metaphors for fibers derived from weaving, textiles
and embroidery, to articulate what they saw. As the eighteenth-century
theorists inherited the concept of fiber anatomy from the anatomists and
natural philosophers of the preceding century, so they described the body,
from top to bottom and from the smallest to the largest parts, using meta-
phorical terminology drawn from the seventeenth-century concept of fiber
anatomy. Descriptions of fiber anatomy were accompanied by references
to weaving practices (“interwove,” “weave,” and “knit”) and products
such as “cloth” and “embroidery.” Fibers, identified with threads or fila-
ments, became the appropriate material for knitting and weaving the body.

More than any other body part, the membranes or coats received scru-
pulous attention, because of their natural similarity with cloth. Cheyne
compared the process of weaving the fiber-threads into membranes to that
of clothmaking, stating that the fibers were “woven into a fine Web, like
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Cloth, to make the Membranes.”?* Cheyne elsewhere described the inner-
most coat of the stomach as “Carpet-like.”?? Even for Boerhaave, who
usually preferred the mechanical-hydraulic metaphor to the fiber-woven
one, the membrane appeared to be “a kind of sheet where the filaments
or threads are closely interwoven (as in Linen).”* The membranes were
not only interwoven of fibers; they were also stitched together by blood-
vessels (themselves ultimately composed of fibers). Observing the spec-
tacular texture of membranes interwoven with perplexing inter- and-cross
connectedness between and within the vessels, the anatomists sometimes
employed picturesque rhetoric. Quincy’s description of the blood-vessels
in the membranes is typical: “the innumerable Divisions, Windings, and
Turnings, serpentine Progressions, and frequent Inoculations, not only
of Veins and Arteries together, but also of Veins with Veins, and Arteries
with Arteries,” adding, in testimony of the metaphoric tradition, a stock
figure from the rhetoric of textiles: “[all of them] make a most agreeable
Embroidery and delicate Net-work.”** Thus, in their discourse on fiber
anatomy, the medical practitioners, astonished by the “wonderful texture”
of the human body, closely compared it to a complex textile.?

The anatomical discourse of the fiber-woven body as textile or cloth
had important consequences. First, it endorses the principle of continuity
of the body, which plays a vital role in fiber physiology and pathology. If
the fibers successively enter into the composition of all the solids of the
body (from fibers to membranes to vessels and viscera), the body as a
whole can be imagined as materially continuous from beginning to end
(“animal Bodies...are in a manner framed of one continued Maze of innu-
merable Canals, in which Fluids are incessantly circulating”?¢). This physi-
cal continuity would ensure the physiological function of the fiber-vessels,
that is, the perpetual circulation of the fluids. The second consequence of
the anatomical discourse of the fiber-woven body is related to a cultural
interest in the delicate body. To understand this connection, we need to
consider the concept of the “solid,” and how it is conceived in the dis-
course on fiber anatomy. The solids need not be as hard and strong as the
bones or the tendons, the hardness and strength of which are made possi-
ble only by the gradual hardening of extremely soft fibers. In other words,
the solids are solid not because their material properties imply hardness,
but because they are “continuous and continent parts of the body”; they
are defined as such in opposition to the fluids, which are contained in the
solids.?” Fiber-anatomists conceived the solid body not so much as a physi-
cally dense matter but as a delicate, fragile, and flexible entity interwo-
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ven of unimaginably slender threads and extremely tenuous membranes.
Bone, the hardest part of the body, was a critical issue in the discourse
on its delicate texture. Nesbitt, for instance, dismissed as “a vulgar error”
the hitherto prevailing notion that bones are originally formed from the
cartilaginous matter?®; instead, he insisted that the cartilaginous substance
was “fibrous,” and therefore that the bones are originally formed from the
“bony” fibers (“bony” in the sense that they are the constituent part of
the bones).? Alexander Monro primus, a specialist on the micro-anatomy
of bones, also discussed the ossification process. He described the bones
as being composed of a large number of “Plates,” “made up of Fibres
or Strings,” and “united by smaller irregularly disposed Fibrils,” which
being interwoven with the former plates (the larger fibers) made up of “a
reticular Work.”*® While the bones are solid substances, the bony structure
is here represented as a textile-cloth, similar to other fibrous, textile-like
parts. Monro refuted the concept that bones do not have a fibrous tex-
ture by arguing that however solid and compact the bones may appear,
they were once soft membranes, “nay a mere Gelly.” To support this, he
referred to repeated observations of a developing embryo, which attest to
a gradual hardening of a once-tender substance.?!

The discovery that the bones, the hardest part of the human body, were
originally a jelly-like soft substance provided evidence for the anatomists’
concept of the solid body as tender and delicate. If even the hardest mat-
ter was once fibrous, there should be no difficulty in believing that the
other solid parts were also tender and delicate. Thus, the notion of the
“solid” body as interwoven by innumerable minute threads like an intri-
cate embroidery contributed to a cultural understanding of the delicate
and tender body, a body very receptive to external stimuli, a body that
loomed large in the burgeoning culture of sensibility and the commercial-
ized fashionable society of the ecighteenth century.® To acknowledge a
plausible connection between the fiber-woven body in fiber anatomy and
the cultural formation of the delicate (later called “nervous”) body would
force us to rethink the putative medical origin of the culture of sensibility,
which is customarily attributed to the Willisian revolution of brain anat-
omy and the exploration of the nervous system by its eighteenth-century
successors. Although this point cannot be further pursued here, the dis-
course on fiber theory, fiber anatomy, and the fiber-woven body in early
eighteenth-century medicine is intimately related to the emergent cultural
concern of the sensible body, which precedes the rise of the discourse on
the nervous system in medical theory from the 1740s onward.*
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2 PHYSIOLOGY AND PATHOLOGY OF FIBERS

2.1  Fiber Physiology**

Early eighteenth-century medical practitioners, who saw the body as a
hydraulic machine, commonly assumed that life depends on the uninter-
rupted circulation of fluids through innumerable winding, “hollow” ves-
sels. The doctrine of obstruction suggests that physiological dysfunction is
caused by blockage of these minute vessels by bodily fluids causes.

The fragile solids, however, are always subject to wear and tear. The
solids are perpetually wasted and impaired by the force of circulating fluids
that furnish nutritious matter. As such, circulation must constantly supply
the proper animal juices to nourish and repair the solids. It then becomes
important to ask how the blood, the universal fluid from which all the other
fluids or humors are derived,® circulates through the vessels. It cannot be
from a force innate to the fluids themselves, since they are not endowed
with a “self-moving Principle.”*® The blood is moved by the impulse of
the “muscular” heart, the vital engine of the hydraulic machine. However,
the force of the heart seemed to be too weak to convey the fluids through
every nook and passage of the minutest extremities.?” Full circulation must
be aided by an impulsive force of the vessels and membranes (the solids)
themselves, as well as the heart. Since the heart functions through the
muscular mechanism of fibers, that is, as instruments of motion, the solid
vessels themselves, by means of the complicated mechanism and texture
of their muscular fibers, can also propel the fluids. It is not in the fluids,
therefore, but in the solids as a whole, the amalgam of innumerable ves-
sels, that we will find the chief spring of force.

Morgan’s description of the ubiquitous presence of muscular fiber illus-
trates this: the muscular elastic fibers were “every where twined and inter-
woven with the Blood-Vessels, not only in the Muscles strictly so called,
but also in the Glands, the muscular Coats, and universally wherever any
Blood-Vessels [were] to be found.”?® The sum of forces exerted upon the
blood is explained by the elastic fibers taken together, with the force of the
heart accounting for only a part. We now need to question how the fibers
move the fluids. This can be explained by the innate “elasticity” of the ani-
mal fibers. Many medical theorists maintained that the vital motions of the
animal economy (with circulation seen as an epitome) were not possible
without this inherent property of elasticity in the fibers. Browne Langrish,
for instance, went so far as to say that without this property of the fibers,
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“Life could not subsist but a few Hours, or perhaps minutes.”? Similarly,
Cheyne insisted on the axiomatic function of the elastic fibers by suggest-
ing that “in Elasticity alone, the force, power and pleasure of life and of
the animal functions, consists.”* In a word, “the whole Business of the
Animal Life” is derived from the elasticity of the animal fibers.*!

Elasticity is an innate property residing in all fibers, by which they
restore themselves to their former state if they become stretched.*? All the
fibers in the living body were assumed to be in a state of “Violence” or
“Distraction” as the fibers were unnaturally drawn out to a greater length
by the violent stretching force of the fluids.** The proper action of the
fluids in distending and stretching the vascular parts should be counter-
acted by the equally natural and continual exertion (“Conatus”**) of the
solid elastic fibers that resist the action of the fluids and restore the former
state.*® The living body’s state of health or derangement depends on this
precarious equilibrium between solids and fluids; that is, on the elasticity,
or faculty of restitution, of the former, and on the influent force of the lat-
ter against the solids.*¢ If animal fibers lacked elasticity to impel the fluids,
the body would fall into some kind of disorder.*” In the framework of
circulatory physiology, life depended on the circulation of the blood; ulti-
mately, however, this meant that life relied on the elasticity of the fibers.*®
This important aspect of fibers applies equally to two other fields: solid
pathology and fiber-based therapeutics.

2.2 Fiber Pathology

The long-standing doctrine of humoralism, which attributed all diseases
to imbalances of the four humors, was gradually superseded by the new
doctrine of solidism at the turn of the eighteenth century. Accordingly,
medical theorists investigating the origins of diseases began to focus on
solids, particularly fibers. Although the emergence of fiber-solidism owed
much to the anatomical conception of the fiber-woven body, the ana-
tomical notion that the whole body is composed of only fibers was not
sufficient to give rise to fiber-solidism. For example, Connor, one of the
first theorists to promote the anatomical idea of the fiber body, clung
to humoral pathology without acknowledging the vital role of solids to
which later fiber-solidists ascribed critical importance: “The solid Parts of
the Body have no Motion (or Life) of their own, but such as they bor-
row from the Blood and Spirits.”*’ To Connor, all diseases had “their first
Seat in the Blood.”®® The perceptive insight of such early theorists as de
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Diemerbroeck, who did not subscribe to the anatomical idea of the fiber
body but insisted that solids preside over humors and spirits as the prin-
cipal mover, had to await the establishment of the idea of the fiber-solid
body.

The critical juncture can be found in the writings of Giorgio Baglivi
(1668-1707), an Italian iatromechanist and the founder of solid pathol-
ogy. Baglivi was fully aware of the anatomical idea of the body composed
wholly of fiber-threads: “The human Body is a Bundle of Fibres variously
interwoven and corresponding to one another.”*! Baglivi located the two
centers of movement in the animal economy: the heart and the dura mater
(of the brain). From these, two kinds of fibers are derived: the motor
or muscular fibers and the membranous fibers. The dura mater serves as
a second heart, continuing the heart-like pulsating motion of contrac-
tion and dilation. Instead of animal spirits or humors, these two sets of
fibers perform the principal tasks of the animal economy and are subject
to “Convulsions or Relaxations.”®? Baglivi attributed all disorders of the
animal body to deviant states of these fibers. Too much tension or laxity
or “aloose Flagginess” of the fiber-solids could obstruct the motion of the
“Humours and Sprits.”*3 Thus, Baglivi revived the long-forgotten ancient
doctrine of the Methodists who, like him, ascribed disease to the states of
the solids; all disorders proceed from either stricture or relaxation.>*

Baglivi’s work enabled early eighteenth-century medical theorists to
recognize the importance of solids in treating disease.®® As some medical
writers came to appreciate the power of solids, they were no longer regarded
as passive matter but as an active mover of fluids.*® In the early stage of the
development of solid pathology in Britain, Bartholomew Beale drew upon
Baglivi’s doctrine of solids, lamenting that it had been neglected for many
years”” and insisting that solids are the main and sometimes sole cause
of many diseases.’® The disorders of human bodies, according to Beale,
are falsely attributed to vitiated fluids.> Humors or animal juices do not
become morbid by themselves because the qualities of bodily fluids are
primarily a result of the elastic forces of the solid fibers.®°

It should be noted that, although Baglivi’s efforts to revive the ancient
doctrine of Methodists were important to the formation of fiber-solid
pathology, the British context also included some precursors with views
close to the Methodist doctrine of “strictum and laxum.” As early as 1651,
Glisson suggested a view similar to that eighteenth-century fiber-theorists
would embrace. In a treatise on rickets, Glisson argues that the “vitiated
Tone” of the body is disease itself because the diseased state (“an extreme
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laxity...and flaccidity of the parts”) immediately hurts internal functions
and is “inherent into the solids parts of the body.”®! Toward the end of the
seventeenth century, William Cole, a doctor of medicine at Oxford,%* and
John Colbatch, an English apothecary and physician,®® in works on apo-
plexy and gout, respectively, rely on the Methodist doctrine of strictum
and laxum without acknowledging it. In particular, Colbatch elaborated a
physiopathology of tone in which diseases derive from either the tensity or
laxity of the nervous fibers: “the whole Oeconomin Animalisis performed
by Relaxation and Contraction,” and when the “nervous Fibers” lose
their due “Tone,” they cannot dislodge morbific matter from the body.%*
Colbatch’s frequent use of the analogy of “bow” and “strings” to refer to
the stretched or loosened state of fibers presages the later fiber-solidists,
who were willing to borrow the same analogy.®®

After Baglivi and these English precursors came Herman Boerhaave, a
doyen of medicine in the first half of the eighteenth century. He succinctly
systematized fiber-solid pathology in his extraordinarily popular textbook,
Boerbaave’s Aphorisms, later supplemented by van Swieten’s lengthy com-
mentaries. Boerhaave begins by discussing “the most simple solid fibre”
and classifies diseases according to whether they proceed from “a weak
and lax Fibre” or “a stift and elastic Fibre.” He then discusses diseases of
“the least and larger Vessels” which proceed from the same causes as those
of the least fiber, and he finally turns to defects of the humors, which are
secondary.’® Many followers of Boerhaave ascribed to the notion of fiber
pathology (“the Doctrine of Distempers which proceed from the Rigidity
or Relaxation of the Fibres”),%” which accords with that of the ancient
Methodists. The focal point of solid pathology should be sought in fibers
and their state of tone or elasticity.

Although Boerhaave has been recognized as a modernizer of the
Methodist idea of “strictum and laxum,”® it is equally remembered that
he only touched upon fiber pathology (“Boerbaave gives a succinct and
rational Account of every thing relating to this Doctrine [of Methodists]...
in nine Pages only of his Aphorisms”)®® and that detailed explication of
fiber pathology awaited subsequent medical authors. Boerhaave’s theory
of pathology, at least his majestic Academic Lectures, is predicated in prin-
ciple on the system of various orders of vessels which correspond to the
sizes of the blood particles running through them; therefore, this theory
is the counterpart of the physiology of secretion. In this system, disorders
proceed from congestion of fluids, but to explain why solids fail to execute
their function, Boerhaave draws not on tone or elasticity but on the con-
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cept of cohesion. The degree of cohesion, defined as the power of attrac-
tion between the particles composing a solid-fiber, determines the state of
the solid.”® In this sense, the British iatromechanists who embraced fiber
pathology were not blind followers of Boerhaave but reinvented his work
for their own use.

There is an important point to make regarding fiber-solid pathology.
The “one disease theory” of fiber pathology can be seen in two contexts:
one concerns the principle of continuity discussed above; the other is
related to a nosological aspect of solid pathology. As argued in the sec-
tion on fiber anatomy, the body is imagined as successively woven out
of elementary fibers, from the strands of hair and the nerves, to the ves-
sels and viscera. The fiber-woven body is bundled together by these same
fiber-threads in such a way that every part is continuous with every other
part; one series of vessels is continuous with another, higher series of ves-
sels. The corollary of this reasoning (i.e., the principle of continuity) is
that the dictum deduced from the simplest fibers is equally applicable to
the larger fibers or vessels, so that if one wants to seek the explanation
of the diseases of the small or large vessels, one has only to look for the
diseases of the most minute vessels.”! In this view, the morbid state of the
smallest fiber would designate a similar morbid state in all the other fibers,
due to their continuity. For example, John Arbuthnot integrates the dis-
ease theory based on fiber anatomy with the principle of continuity: “of
these [smallest] Fibers, [are constituted] the Vessels, of these Vessels the
Viscera or Organs of the Body; therefore the Weakness and Laxity of the
Fibers, Vessels, Viscera, and all Parts of the Body may be considered as
one Disease,” though he admits that disease is not always “universal” (i.e.,
there is a weakness or a strength of some parts which appear to be absent
in other parts).”?

Another aspect of the “one disease theory” is that it implies a homo-
geneous view of diseases that reduces the source of disorders to one
continuously linked pathological state of the fibers, that is, loss of tone
or elasticity, caused by their being either too relaxed and weak, or too
rigid and tense.”® Interestingly, medical practitioners were less interested
in the considerable rigidity of the animal fibers as a specific cause of
diseases, than in their laxity. Theoretically speaking, both states “above
or beneath the Balance of Nature,” as suggested by Robinson,” occa-
sioned diseases, but cases are more often ascribed to a too relaxed than
a too rigid state. Edward Strother, for instance, following Baglivi stated
that an “Atonia, or a Laxity, is the Basis of many Disorders.””® In fact,
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there seems to be a deep-seated assumption that the too-rigid state is
not essentially pathological, but rather a kind of deviant or excessive
consequence of a process that would otherwise be beneficial; in other
words, that excessive rigidity of animal fibers is caused by a therapeu-
tic activity which, had it not been excessive for the weakened fibers,
would have benefited them. Thus, moderate exercise would strengthen
the solids, but excessive exercise would dry up the fibers and render
them rigid.”® Morecover, an over-strained motion first tightens the fibers
(i.e., puts them in a state of tension), but the tightened fibers afterwards
recoil and become more relaxed.”” In this sense, the second dimension
of the “one disease theory” of fiber pathology is further abstracted, lead-
ing to a one specific causation of diseases—weakness of fibers. As James
acclaims, “there is no fault in the whole Body, except only a Weakness
of the Fibers, which is considered abstractly as a Disease, independent
of all others.””®

2.3 Therapeuntics

Therapeutic activities largely focused on the loosened fibers, in order
to restore their lost tone or “Springiness.” Besides blood-letting and
medicinal drugs,” fiber-based therapeutics was practiced within the per-
spective of the traditional six non-naturals—air, bodily motion, food
and drink, excretion and retention, passions, sleep and waking. In diet, a
stimulating substance such as “acrid” matter would increase the oscillat-
ing motion of the solid-fibers,?° and a mineral “Diuretick” water would
restore the lost tone of the weakened fibers through the water’s astrin-
gent quality.®! However, a caution should be raised against the excessive
ingestion of “modish” dishes with high salt and spices, which would
render the fibers dry, “crispy” (i.e., crinkly), and tense, and deprive the
fibers of tension.®? Interest was also focused on air: it was believed that
the state of the atmosphere has a great influence on the fibers, since we
constantly absorb air through every pore of the body.** Thus, cold and
dry air was thought to brace and stiffen the fibers, not only by con-
densing, but also by “congealing the Moisture” that relaxes the fibers.
Cold air produces strength and activity®* by giving “great Energy to the
Fibres,”% while moisture or moist air would render the fibers more lax
and flaccid, diminishing their elasticity and retarding circulation, so that
the animal juices would become slimy and eventually stagnate.8¢ The
idea that cold air braces the fibers exalts cold and dryness over heat and
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moisture, which duly led the British to appreciate their northern climate
for its beneficially dry, cold, and bracing effect on lax fibers.3” Passions
should also be given due attention for, if excessive, they would contract
and tighten the fibers into springs of “violent convulsion.”®® Intense
study and excessive sex (“Venery”) were thought to be similar in the
sense that they exhaust the animal spirits; they deprive the fibers of the
nervous juice to the point of wearing out and debilitating the tone of
the fibers. The immoderate passions—sex and study—were of an excep-
tional category; the fibers were believed to be stretched and tightened if
those activities exceeded the standard set by nature, although the resul-
tant state of the fibers after immoderate coitus was all the more relaxed
and flabby.%

Among the non-naturals, however, exercise seemed to receive the most
assiduous attention; more precisely, vibratory, oscillatory motions such as
gentle shock, shaking, minute vibrations, and pulsations brought on by
exercise (or any other means), rather than exercise per se, were assumed
to be the most critical ingredients of cure and prevention. Thus, mod-
erate exercise would give a “gentle Shock to all our Fibres,” increasing
their contractile power,”® and motions such as riding and walking, by
shaking the whole frame, would bestow it with firmness.”! The curative
virtues of shaking the fiber-machine were astonishingly revealing, for by
being shaken, the vibrations of the solids are quickened, and the body
becomes relatively lighter, with the ligaments and the muscles cleared of
their “Excrements”; moreover, superfluous particles are “dislodged and
shook off” by exercise, while animal spirits or juices are rendered finer.”
This vibrating virtue was even more surprisingly effective; it could prevent
not only “contagious” ulcer,”® but plague or “Epidemical Distempers,”?*
both of which were caused by invisible worms or “Animalcules” (“imper-
ceptible Insects”) floating in the air.”® We constantly ingest the seeds of
diseases from the air or from food and drink.”® These seeds could bring
distempers unless a “perpetual Pulsation” imperceptible to our eyes could
beneficially shake off these insects before they secure a place in our bod-
ies.”” Whatever increased the vibratory motion of the solids could be ther-
apeutic—bleeding, vomiting, and everything that acts as a stimulus, such
as riding, “gestations,” friction, and even music.”® Even the symptoms of
certain diseases may be therapeutic agents, as when a fit of gout or a spasm
of'a nervous disorder is said to remove other complaints by “concussion”
and brisk motion.”
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2.4 Cold Regimen Versus the Hot or Warm Regimen

Behind these varieties of fiber therapeutics which primarily targeted loos-
ened, flaggy, and relaxed fibers was a deep-seated socio-cultural concern
about the hot or warm regimen which was believed to cause general degen-
eracy in the population. Already at the end of the seventeenth century,
John Locke promoted the use of the cold regimen for children. He argued
that they should not be too warmly clothed, their feet should be washed
in cold water every day, and they should play in the open air instead of by
a fire; otherwise, the softness of parents would cause children’s health and
their constitution to deteriorate.' It is likely not coincidence that, around
the same period when Locke published his stoic teachings of the cold
regimen, medical writers began to revive the long-neglected habit of cold
bathing. Among these, John Floyer most explicitly advocated for the ther-
apeutic use of cold water over the warm regimen.'®! Floyer argued that
ancient Britons had a habit of cold bathing, but it fell out of use over the
centuries. The final blow to this démodé custom came in the seventeenth
century when the ritual of baptismal immersion ceased to be practiced, and
crucially, the hot diet (regimen) from warmer climates was introduced to
the English people through growing foreign trade.!®? Stimulating items,
such as “Tabaco, Tea, Coftee, Wine, and Brandy-Spirits, and Spices,” were
all “unnatural to English Bodies” which inhabited a cold climate in which
the cold regimen is natural.!%

Following Locke’s thinking and anticipating eighteenth-century propa-
ganda against the warm regimen, Floyer condemned the modern lifestyle
which sought to warm the body—“to confine our selves in our warm
Houses to much, to use too many Cloaths, to warm our Beds, to frequent
hot Baths, soft Beds, hot Periwig, perfumed Snuff.”!%* This hot regimen
served only to make the body too tender, lax, and unmanly.!%® The result
of this “vicious Regimen of Men of its Age”!% was the rise of nervous
distempers, such as hysteria, hypochondria, and apoplexy.'?” Cold bathing
could restore the lost “Tone” of the solids by giving a beneficial shock
to fibers and preventing nervous and other complaints.!®® Floyer’s carly
crusade against the folly of the hot regimen set the stage for critics in sub-
sequent generations from John Brown to Buchan to Adair who believed
that cold gives vigor to the body, while heat makes it effeminate.!®”

Considering the fortifying effect of cold water, medical practitioners
recommended cold bathing as exercise, as Francis Fuller advised in his
immensely popular treatise on exercise. Like Floyer, Fuller fully recognized
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the mischief of the “too warm Regimen,” against which cold baths could
have a beneficial effect by bracing the fibers.!? Apothecary John King fol-
lowed these precursors such as Floyer and Baynard in popularly advocat-
ing the beneficial use of cold bathing as a form of exercise.!!!

From a broader point of view, the revival of cold bathing as exercise to
strengthen the soft flesh can be situated at the critical juncture when the
classical therapeutic views of hot and cold reversed. Traditionally, medi-
cine had used the hot water or hot regimen to expel ill humors from the
body.!'? Moreover, the ascendency of the cold regimen in fiber medicine
marked a more radical change in European thought. Following Aristotelian
and Galenic thought, heat was preferred over cold due to associations with
maleness, perfection, and a good temperament, while cold was linked to
femaleness, imperfection (a lack of heat) and a fragile (diseased) tempera-
ment.'"® Glisson clearly contrasted heat and cold based on the classical
hierarchy: “as the activity and agility of the Body is attributed to the Heat,
so the tardity and slothfulness of it is in great part ascribed to Cold.”!*

The eighteenth-century regime of the fiber body witnessed a complete
alteration of this hierarchy. The inaptness to motion, the desire to rest,
slowness, sloth, and idleness, these sources of distempers became associ-
ated with heat instead of cold, while activity, agility, vigor, and strength
which preserve and promote health were associated with cold. At a deeper
level, the ascendancy of the cold regimen over the hot one had social
meanings and implications. As Vigarello argues, the new bourgeois class
invented the moral value and the physical codes of cold—simplicity, vigor,
rigor, strength, asceticism, and autonomy—and pitted them against the
social symbols of the aristocratic class associated with heat or warm,
such as weakness, delicacy, luxury, softness, effeminacy, refinement, and
corruption.!?®

3 FI1BER B1oLOGY: FIBER AS STAMINA

The concept of fiber in eighteenth-century medicine was extended into
the mysterious realm of the life sciences. Especially in investigations on
the origin and development of the embryo, and on the processes of man’s
growth and decline, the concept of fiber was used for a more cogent clari-
fication of the otherwise unfathomable phenomenon of life. In this sec-
tion, the important place that fiber occupied in the life sciences of the era
will be discussed.
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From the latter part of the seventeenth century, the mechanical the-
ory of embryonic development loomed large—the doctrine of the pre-
existence of the germ, according to which all generations were seen as a
mere growth (extension) of the germs (or animalcules) that were encased
in the first parents (Adam or Eve) at the beginning of the world. The aston-
ishing demonstration by the Dutch naturalist, Jan Swammerdam in 1669
showing how a butterfly goes through successive stages in its life cycle in
such a manner that one stage is enclosed within another (egg, larva, pupa,
adult), contributed greatly to the formulation of the pre-existence theory.
Swammerdam carefully observed the deceptively abrupt metamorphosis
of the butterfly as an orderly, progressive development from egg to butter-
fly. His analysis revealed the seemingly radical alterations of the structure’s
appearance as the continuation of an already structurally formed organi-
zation. Exploiting Swammerdam’s observation, Nicolas Malebranche, a
Cartesian philosopher and priest, suggested the idea of the encasement
of germs, saying that the first female contained all the subsequent germs
that were prearranged and preordained to hatch from the inside of all the
females descended from her. Fanciful as it sounds today, the doctrine of
pre-existence, with the idea of encasement, was the most cogent and con-
sistent theory for the mechanical philosophers, for it matched the mechan-
ical view of the world, behind which God, as both Creator and Architect,
presided. Moreover, it “mechanically” endorsed the theological concept
of original sin. Theologically acceptable and theoretically persuasive, the
preformation doctrine of encasement was widely disseminated by 1700,
and firmly established in the medical field.''¢

How does fiber theory relate to the preformation doctrine? In order to
understand this relation, we should pursue the interlocking ideas of fibers,
solids, “animalcules,” and “stamina.” Fiber anatomy demonstrated that
the solids of the body are entirely fibrous, but what were the fibrous solids
in their original state, and how did they grow or develop? The majority of
the medical writers of the era resorted to the idea of “stamina” as a way to
consider the beginning of life. Assuming that original parts existed in the
seed (or embryo) from the beginning,'!” the idea of stamina was set as the
biological basis from which all the solids took their departure.

The medical theorists argued that stamina are organized from the
start, not as a formless fluid body but as a complete organization of sol-
ids. According to them, the essential solid parts must be distinguished
from the accidental parts later added to the original stamina by means of
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nutrition: everything essential to the animal was deemed to be “stamina,”
while the rest was added by the nutritious fluids.!*® This is consonant with
the metaphoric usage of the Latin word stamina (plural of stamen), which
in classical Latin means “warp threads,” that is, the supporting threads
stretched on a loom, under and over which the weft threads are woven
to produce a textile. This metaphoric usage of stamina is already seen in
discussions of generation in Jean Fernel’s Physiologin (1567) and Andreas
Laurentius’s Historia Anatomica (1602).11°

The original stamina almost concurred with the solids, the quantity of
which was surprisingly small.’?® The process of incredibly minute stam-
ina growing into mature solids was imagined as their enlargement by
the impelling force of the nutritious fluids. This image presupposes that
stamina form vessels. Within these vessels, the contained fluids circulate
to distribute nutrition for growth. Therefore, the stamina are sometimes
identified with the “Animalcules” in the semen, the hypothetical orga-
nized bio-substance!?! in which all the vessels of the body are originally
contained.'?? The number of the vessels comprised by the stamina or ani-
malcule is inconceivable; it actually exceeds the vessels of the adult body,
for in the process of growth, the great number of soft, tender vessels com-
pound together and become more compact and solid, forming sensible
vessels, cartilages, or bones.'?? As incalculable as the number of vessels in
the stamina or the animalcule, equally inconceivable is the weight of the
stamina: some calculated that 3000 million vessels in the stamina were
not equal in weight to a grain of sand,'** while Wintringham, drawing
on Leuwenhock and Keill’s mathematical calculation of the animalcule,
computed the weight of the stamina at 1,/924081299349106024420737
5200th part of a grain!'?®

The question here is how one can imagine that such minute stamina
comprise all the vessels, or, how one can make sense of the idea that
the originally vascular (vessel-textured) stamina grow into an animal
body.!?¢ The observation and knowledge of how the adult body of an
insect was enclosed in the larva or the pupa provided the medical writers
the clue to the mystery of the stamina. Here, Swammerdam’s observa-
tion and drawings of the “nymph” (pupa) of a fly offered illumination
by revealing the figure of an animal having all the preformed features of
an adult, features that await expansion'?” (Fig. 6.5). The drawings com-
pellingly displayed the unfolding image of the parts: layer after layer,
folding after folding, plait after plait, the curling, curving, and folding
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parts were laid on top of each other, awaiting future expansion. In this
sense, the doctrine of preformation was not only about the idea of pre-
existing germs that explained subsequent generations; it was also about
the informative and powerful image of un/en-folding with regard to
growth and development. Hence, drawing on the image of an insect’s
transformation, the medical theorists could argue that the stamina or
animalcules were enfolding by themselves the series of layers of the
folded parts, which would stretch and expand, as clearly expressed in
Cheyne’s remark:

[T]he Solid Parts of the Animalculs [sic] are as it were folded and wrapped
up in Plaits, and these Folding are wrapp’d together by surrounding
Membranes, which in process of Time are rent and torn, by the encreas’d
Force of the Fluid and Augmentation of the Solid Parts; As is commonly
observ’d in the Transformation of all Insects.!?8

This image of the unfolding of stamina was precisely what growth
meant: “Growth is nothing, but the unfolding of the original Membranes
and Fibres.”'?° Here, the fibers and membranes were evoked, not only
because the solids were originally fibrous, but also because the fibers and
the membranes agreed with the un/en-folding image through a met-
aphorical association, and structural affinity, with a pliable textile that
enjoyed the elastic property of extending, condensing, and contracting.
The stamina constituted the fibers, always already plural, because they
were formed simultaneously. Hence, by definition, the fibers, the solids,
the stamina, and the animalcule all equated with each other; “Fibres”
were the “stamen, or matter of the animal,”!3° and the “Stamina” were
the “Solids of a human body.”'*! Moreover, the equation of stamina with
fibers was supplemented by the etymological meaning of stamina, “warp
threads,”132 sometimes also described as “Lines” or “Lineaments.”!33
The metaphorical and visual dimensions of the preformation theory in
embryology were at one with the metaphorical, structural, and functional
aspects of fibers in fiber theory (their minuteness and slenderness, their
quasi-infinity of number, their natural affinity with threads, and the innate
elasticity that makes them capable of expansion and contraction). In this
sense, fiber anatomy, fiber physiology, and fiber biology mutually refer to
and reinforce each other, and this efficacious interconnectedness is the
real strength that constitutes the alluring consistency of fiber theory.
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4  FBErR CONSTITUTION

As the discourse on fiber took an increasingly ascendant place in the
medical theory of the early eighteenth century, a radical shift occurred in
understanding, perceiving, and in some cases even experiencing the body.
The long-enduring humoral theory, on which the knowledge of physical
and moral temperaments rested, was gradually superseded by a fiber-based
understanding of the temperaments (at least in the theoretical system of
medicine, for the older physiological belief about humors persisted in the
popular mind). According to the old humoral system, the proportion in
the mixture of four humors (phlegm, black bile, yellow bile, blood), each
with its own quality (cold and wet, cold and dry, hot and dry, hot and
wet, respectively) determines the preponderant temperament of the indi-
vidual: phlegmatic—dull temperament, melancholic—gloomy temperament,
bilious—choleric (quarrelsome) temperament, and sanguine—balanced and
cheerful temperament.'®* However, after iatromechanical philosophy rein-
forced the primacy of blood among the four humors and transferred the
properties of the other humors to blood itself, and the physiology of circu-
lation discredited humoral physiology, diversity of temperament needed to
be founded on something other than the humors. Fiber could now serve
this purpose.

Although the fundamental tenets of humoralism were largely discarded
by the new fiber-based solidism, the fluids still played an important,
though not critical, role in the knowledge of temperaments, the difference
of which was thought to lie in the various motions of the blood (“different
Constitutions [are] no other than various Motions of the Blood”!3%). The
motions of the blood varied first by the different size and quantity of the
“moving Fibres,” and more importantly by the fibers’ “Pulse and Tone,”
which determined their strength and vigor.!*® Thus, endowed with the
vigor to move the blood and thereby alter its qualities, the elasticity or
tone of the fibers was seen as crucial in determining the different qualities
of constitutions.

Robinson provides an interesting case for the new classification system
of temperaments that re-aligns the traditional four types of constitutions
according to the degree of elasticity of the fibers. First, the “biliose” con-
stitution, also known as the bilious or choleric, arises from the highest
degree of elasticity in the solids, inclining the individuals of this tempera-
ment to gratify their passions; naturally their intellectual faculties are lively,
vivacious, and “abounding with the sublime Wit,” and genius resides in
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this constitution. Second, the sanguine constitution is derived from the
less elastic impulse of the heart and arteries, at least less elastic than the
“biliose”; the sanguine’s solid way of thinking is apt for the discoveries of
experimental knowledge. Third, the fibers of the “phlegmatick” constitu-
tion have less elasticity, whereby all impulses are weaker, and the motions
and secretions slower; because of this reduced elasticity, the phlegmatic’s
intellect is not appropriate for a quick apprehension of objects offered to
the senses, but he can retain most of what he perceives so as to improve
upon inventions first discovered by others. The melancholy temperament,
the last temperament, is only “phlegmatick” to a greater degree.!®”

Fiber-based constitutions were polarized—people had either very elas-
tic or very weak fibers—although a variety of intermediate degrees was
admitted.!® People with very elastic fibers are generally lean and dry; they
have strong, hard muscles, and clean, firm bodies; they are naturally impa-
tient, prone to action,’ and subject to inflammatory diseases. Sometimes,
they are called “hot constitutions” since they have stronger fibers than
others.*? People with weak and lax fibers, on the contrary, have thin hair,
are small, have soft, loose muscles, a fair skin, and since their extremities,
because of their “cold constitutions,” are often cold, they are prone to
catch cold on the slightest occasion; they are frequently lazy, indolent,
and dull, and subject to chronic diseases.!*! Sometimes, the traditional
discourse on the polarity between robust people who live in the country
and the luxurious and indolent men of the city was superimposed on the
theory of fiber-based constitutions: robust country people tended to have
strong fibers, while lazy, weak city people had flabby fibers.!*> However,
tense, over-strained fibers could become rigid, too stitf, and eventually un-
elastic or “callous.” In people endowed with such fibers, the advantages
of firm health might be offset by the disadvantages of lesser mental and
sensory capacities, as Cheyne included in this category, “Ideots, Peasants,
and Mechanicks.”1*3

Implicit in the system of fiber-based constitutions was the belief that
social distinction among particular types of intellect was physically embed-
ded in the tone and texture of the fibers. Contemplating the immense
variety of human mental capacities, Robinson reasoned that since the
souls of all people must be equal, the difference between the idiot and
the genius must be sought in the body, that is, the fibers.!** All the “sub-
lime Flights and extatick Visions” the genius enjoyed were owing to the
“due Modulation of the Solids,” the “happy Structure of the Fibres”—the
arteries very springy, the blood easily moveable, the secretion of the animal



50 H.ISHIZUKA

spirits naturally large, and the nervous system adjusted to the highest pitch
its natural standard would admit.'*® All this ensured such strong impulses
of the ideas on the sensorium as to sufficiently produce an elegant turn
of thought and a quickness of memory. Natural stupidity, on the other
hand, came from “an over Laxness in the Fibres of the Brain” which pro-
duced the very opposite effect.*S For Blackmore, the alleged intellectual
backwardness of Africans, as well as the variety of monstrous and irregular
minds in general, was the result of Nature’s error, that is, the “improper
Length, Size or Situation of a Fibre.”!*”

As a robust man with tense fibers would be stigmatized as obtuse, so
in the delicate man of finer fiber, a variety of nervous distempers, such
as “hypo,” spleen, or hysteria, would be ambiguously counterpoised to
his superior mental capacities.!*® Indeed, this was the age of “English
Malady,” an epithet that signaled, paradoxically, the superior rank of the
nation and of certain individuals; for being afflicted by certain diseases
was believed to be rather desirable so long as the disorder was of a less
serious degree.'* In the course of the eighteenth century, the medico-
cultural myth of nervous sensibility—that a person is more delicate if they
have finer nerves—intensified with the full-grown culture of sensibility,
especially from mid-century on.'*® It should be noted, however, that at
this point, in the first half of the century, especially before the 1740s, the
nervous system was not the sole physical factor underlying the privileges
of the higher orders; rather, it was only a part of the larger system of the
fiber-solids. What was essentially important in determining social and cul-
tural distinctions was not the nerves and their sensibility, but the fibers and
their elasticity.

Although the notion of stamina predisposes us to regard the fiber-solids
as innate and unchangeable throughout life,'! the notion of tone or elas-
ticity implies that fibers are highly malleable under the influence of the
non-naturals.!® The malleability of the fiber-based constitution is clearly
seen in northern people of firmer habits and “superior Elasticity of the
Muscular Fibres,” who underwent considerable constitutional change in
a southern climate. Tennent suggested that fibers of the northern people,
the “superior” elasticity of which is largely due to the cold atmosphere,
became lax and weak when exposed to the heat and humidity of the
south. (Note the implied assumption of the superiority of cold northern
people and the inferiority of hot southern people.) In a hot and humid
climate, the particles of the blood combine, whereby the blood acquires
a greater degree of viscidity and eventually stagnates; it is for this reason
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that northern people are so susceptible to a mortal fever upon their arrival
in the West Indies.!® It is of great interest to see how the concept of the
plasticity of fiber-constitutions resonated with cultural concerns regarding
the malleability of man. The discourse on the fiber-based constitution is
one of the general points that differentiates the first half of the century
(epitomized by the solids in general and the fiber in particular, with its
innate property of elasticity) from the second half (exemplified by the ner-
vous system in general and the brain or the nerves in particular, with the
innate power of sensibility). Toward the end of the century, the diversity
of humankind and the differences within specific groups of people (e.g.,
social rank, class, or gender) would be founded in biological and anatomi-
cal differences, signs of which were embodied in the nervous system and
other systems of the body. The relatively malleable system of fiber-solids
of the earlier eighteenth century gave way to the more innately codified
system of the nerves and the brain, which eventually led to the establish-
ment of a “nervous” foundation for the racial sciences of the nineteenth
century.’®* By the beginning of the Victorian era, the fluid-and-flux con-
stitution, as formulated by traditional humoralism, had been completely
replaced by the scientific classification of constitutional “types.” Yet in
the eighteenth century, especially in its earlier half, the idea of fiber-based
constitutions, through their innate elasticity flexibly interacting with the
environment (roughly equivalent to the six non-naturals), was sustained,
fluctuating between the sheer fluidity of humors of the older era, and the
rigid and crude codification underlying some of the more sinister elements
of the coming era.

5 Cobpa

By scrutinizing the prominence of the discourse on fibers in the medi-
cal theory of the first half of the eighteenth century, this chapter has
attempted to redress the medical historians’ fallacious tendency to see
eighteenth-century medical theory in terms of either mechanism (the
hydraulic machine composed of pipes and the fluids running through
them) or vitalism (the sensitive organism composed of the brain and the
nerves). The concept and metaphor of fibers were frequently invoked and
became a reference point to explain anatomical structure, physiological
functions, pathological processes, therapeutic practices, biological phe-
nomena, and constitutional differences. Arguably, the medical practitio-
ners of the era needed the concept of fibers, rather than that of vessels,



52 H.ISHIZUKA

muscles, or nerves, since fibers comfortably met the demands of the vari-
ous interlocking areas of medicine. In anatomy, the idea of fiber was most
appropriate for conceiving the body as wholly woven from a thread-like
substance; in physiology, pathology, and therapeutics, medical theory was
made plausible by the idea of the tone or elasticity of fibers capable of
incessant vibration; in biology, the image of fiber-membranes identifiable
with stamina was in harmony with the preformationist explanation of the
mysterious process of “un/en-folding”; and lastly, the malleability of fiber
was in full conformity with the equally malleable idea of constitutions
interacting with the environment. It should be emphasized that meta-
phors such as weaving, elastic vibrating, and un/en-folding, rather than
the mere nature or properties of the fibers per se, played a significant role
in conceptualizing the fiber theory of each field, all the more so when the
metaphor mediated between fiber theory and the socio-cultural realm. In
this sense, the metaphorical dimension of fiber was an integral part of fiber
theory, not an obstacle to objectivity. Paradoxically, it may have been for-
tunate for the fiber-theorists that the ultimate fiber was never found, since
therefore they could only imagine what it would be like; and it was this
hypothetical and imaginary substance that fueled the imagination, sustain-
ing fiber theory and its many layers of metaphoric density. If the cell of the
nineteenth century became the “ultimate fact” that the medical scientists
required,'®® the fiber of the eighteenth century was a kind of “necessary
fiction” for medical practitioners of the earlier era.
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CHAPTER 3

Elasticity of Animal Fiber: Motion, Tone,
and Life of the Fiber Body

1 INTRODUCTION

In the early 1720s, George Cheyne, an iatromechanist of a Newtonian
bent, extolled the medical concept then in vogue among iatromechanists—
“Elasticity”—as “the noblest Instrument of all the Action and Functions
of an animated Body.”! The lavish eulogy conferred on elasticity, however,
seemed to be rather abruptly curtailed by the harsh condemnation of it
from the ranks of people, we may loosely call iatro-vitalists. The vitalists,
equating elasticity with the mechanical property as such, severely down-
played the mechanical body image favored by iatromechanists in favor of
their purportedly new concepts of sensibility, irritability, or other related
concepts of the life-principle. Thanks to the vitalists, as late as 1750 the
body came to be seen as a living organism fully endowed with the life-
principle, rather than as an automaton-like machine largely executed by
the mechanical property of elasticity. The overall shift from mechanism
to vitalism seemed to be so radical and irreversible that even Alexander
Monro primus, once a good pupil of Boerhaave, the doyen of iatromecha-
nism, changed his mind as the century progressed and opposed his mas-
ter’s doctrine: “it is not merely by Elasticity the arteries of living animals
act, they have also an energy which Life communicates to them as well
as to the other contractile parts of the body.”? Totally devoid of life, the
concept of “elasticity” was, for vitalists, seen as the obverse of their idea
of life-principle elements such as sensibility and irritability. Our modern
assessment of elasticity in eighteenth-century medicine has unfolded in
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the shadow of the eighteenth-century vitalists’ evaluation of it, encour-
aging a view of the “elastic” body as merely “mechanical.” In fact, the
rather scant scholarly attention paid to the concept of elasticity from this
era clearly reflects our low estimation of it. One of the purposes of this
chapter is to re-assess the importance of the idea of elasticity of the animal
fiber in its own right, that is, in its specific historical terrain; in doing so,
I want to suggest that, far from being an ephemeral concept disappearing
in the face of the ascendancy of vitalistic theory, elasticity in fact served as
the mediator between mechanism and vitalism, and even more, it was the
crucial concept for reconsidering the vexed relationship between them.
Another principal aim of this chapter involves the contentious issue
of the body image (or the body model) articulated in medico-cultural
discourses of the Enlightenment. Broadly speaking, the great majority of
scholars have agreed that the body image or model abiding epistemologi-
cally in the imaginations of philosophers, medical men, and the learned
elite underwent a substantial shift from being a mechanistic model origi-
nating in the Cartesian automaton and working just like a clock to being
a vitalistic organism endowed with sensibility perceptively interacting with
its surrounding environment. Sergio Moravia set the general outline on
this issue in his seminal essay, in which he surveyed a general shift from
the mechanism of the early eighteenth century to the vitalism of the latter
half of the century which dictated that “[the body] is no longer a machine,
but an etre sensible,” which possesses “dynamic forces and impulses” that
“have nothing to do with the working of a machine.”® Even otherwise-
astute scholars like Barbara Stafford follow the steps paved by Moravia in
her characterization of the image of man in a flourishing passage typical of
her style: “The living human being was no longer the Cartesian inflexible
machine, manufactured from clockwork cogs and wheels.... Rather, the
organism was a sensible fluidity, shaped by the equally mutable environ-
ment.”* Such general shift of the body image from “Mechanical Man” to
“Sensible Man,” from a machine to an organism, would become convinc-
ing, by paralleling it with something like the shift in medical theory from
iatromechanism (the concept of the vascular system in which the heart as
the principal spring of motion acts independent of mind or soul) to vital-
ism (in which the brain and the nervous system work as a central reactive
organism in service of mind, soul, or life-principle).® It is not my aim to
deny wholeheartedly this general shift. Bringing the concept of elasticity
to the forefront, I want simply to suggest in this chapter that underlying
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the seemingly radical rupture between machine and life, is a strong ele-
ment of continuity.

In the first section, I shall elucidate what sort of body image was con-
ceived in iatromechanism, and what role the elasticity of animal fibers
played in it. The argument of this section touches on the subject of the
“body image.” In the second section, I shall explore the contentious
idea of “motion” as it emerged in iatromechanics, and appropriation of
the concept of elasticity in establishing the fiber as the agent of motion.
Motion is thus the main subject of that section of this chapter. I shall
trace the important shift in the view of motion from the classical to the
modern, via Harvey’s unacknowledged contribution to the development
of the idea of motion. In the final section, I shall delineate the aftermath
of “elasticity” from the mid-eighteenth century on, showing how the con-
cept of elasticity was assessed and misrepresented by the newly emerging
vitalists. Analyzing the implication of the idea of elasticity elucidated in the
previous sections, I shall suggest that the spectral but strong presence of
“elasticity” pervades the new vitalist concepts of sensibility and irritability.

2 THE Bopy IN JATROMECHANISM

2.1  The Vascular Body

The mechanical body image referred to by Stafford and Moravia is largely
predicated upon the Cartesian automaton, and does not really refer to the
idea of the mechanical body conceived by iatromechanists of the early eigh-
teenth century. Exemplified in the mega-system of Herman Boerhaave,
iatromechanism was the most successful and widespread medical theory at
the time. Many British medical men crossed the sea to the Netherlands in
order to study medicine at Leyden University where Boerhaave achieved
his triumph. These medical men imported the teachings of Boerhaave into
Britain. In particular, the Edinburgh Medical School, founded 1726, was
so enormously influenced by Boerhaave’s system that when Cullen, in his
lecture conducted in the latter half of the eighteenth century, exposed an
opinion of the nature of diseases different from that of Boerhaave, he was
seriously cautioned by his patron not to contradict Boerhaave’s theories.®
Such medical figures as Alexander Monro primus, George Cheyne, James
Keill, John Quincy, Richard Mead, and Thomas Morgan, whom we will
encounter in subsequent sections of this chapter, could all be loosely clas-
sified as iatromechanists in spite of their different intellectual, social, and
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cultural backgrounds, in that they all animadverted on both iatrochem-
istry and animistic theories that had been popular from the middle of
the seventeenth century. These iatromechanists opposed both the animist
view that the animal body in every corner was governed and administered
by the omnipresent soul, and the iatrochemists who relied upon the (ulti-
mately) occult notions of fermentation, effervescence, and putrefaction
in order to explain an animal economical functioning. Instead, these men
deemed the animal body to be an intricately complex machine, the main-
tenance of which depended on the uninterrupted circulation of the blood
from the heart, the machine’s center, to the peripheral members. In terms
of what model or image, then, did they conceive the machine body? In
other words, what did they need to get the machine calibrated?

It is arguably correct to say that iatromechanists would dismiss the
image of the clock-like device as the model for the animal machine, for
although the notion of the animal body as clock was sometimes effectual
in a strictly figurative sense (the animal body works ke a clock, inde-
pendent of transcendental, supernatural, or occult agents), the cogs and
wheels were not the image that iatromechanists wanted to exploit (the ani-
mal machine is not a clock that is composed of cogs and wheels).” Instead,
what they empirically observed inside the body was the indisputable fact
of the vascularity of the body—the animal body was wholly composed of
numerous vascular tubes, pipes, vessels, or canals, as they were variously
called. The iatromechanical view of the vascular body or the vascularity of
the body was widely shared among many medical men of the era. Keill in
1708 announced that this idea was “now agreed on by all who understand
the Fabrick of the Body,” assuming, for his part, that “the whole Body is
nothing but Tubes or Vessels full of Blood or Liquors separated from it.”*
Cheyne also confessed his loyalty to the iatromechanical view of the body:
“We know very well that there is nothing in the Animal Machin, but an
infinity of branching and winding Canals, fill’d with Liquors of different
Natrues[sic], going to some perpetual round.” One example that illus-
trates the entrenchment of this idea in a wider sphere outside the medical
world can be found in an assertion of Addison in one issue of his hilarious
Spectator (1711): “I consider the Body as a System of Tubes and Glands,
or to use a more Rustick Phrase, a Bundle of Pipes and Strainers.”!?

This vascular body, composed of an infinite number of hollow tubes
and pipes running through the body like a maze, is customarily referred to
as the hydraulic machine, with the heart-engine as the center of the animal
machine. Monro primus remarked on the image of the animal machine,
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“if we have any notion of an Animal, it is its being a Hydraulick Machine,
which has Liquors moving in it as long as it has Life.”!! To the extent that
these tubes were made of a hollow thread-like substance, it made little
difference whether they were called tubes, pipes, or vessels. The crucial
thing was that there was a hollow space inside the thread-like substance,
through which bodily fluids could run and circulate around the whole
body. The unobstructed circulation of the blood and its derivative fluids
from the heart, which worked like a pump, through the winding canals to
the extremities was regarded as life itself; as one obscure medical writer put
it succinctly, “Life it self...is, in one Word, the Circulation of the Blood.”!?
Moreover, all animal functions such as sensation and motion, whether
voluntary or involuntary, depended on circulation.’® If some condition
arose (e.g., the pipes became too rigid or flaccid, or the humor became
viscid because of indigestion) to obstruct the free flow of the fluids, disor-
derly function of the animal economy would result, and sometimes cause
a variety of diseases. Flow and obstruction, ostensibly simple phenomena,
underwrote the physiological system of iatromechanists, and this economy
of circular physiology required, and was required by, the vascular body
anatomically understood and explored. What the iatromechanists drew on
in configuring the image of the animal body was not the image of cogs and
wheels but predominantly that of tubes and the pipes. In fact, the vascular
body has a longer history traced back to seventeenth-century anatomists’
and physiologists’ concerted efforts to unearth the clandestine interiors
of the body, and to microscopists’ as well as natural philosophers’ intense
study of the micro-structure of bodily texture. Microscopic discoveries
by Leeuwenhoek, Malpighi, Swammerdam, and others in the seventeenth
century played an especially important part in the construction of the view
of the vascular body, revealing the hollow space of the vessels in which the
bodily fluids were supposed to run. At that time, the physiology of secre-
tion was deemed to be the key to unlocking the mysterious process of life
function. The doctrine of vascular secretion in tandem with the view of
the vascularity of the body, both developed by seventeenth-century phys-
iologists and anatomists, became the new basis of mechanistic physiol-
ogy, which was superseded in the early eighteenth century by circulation
physiology.* But here it suffices to say that the iatromechanists’ hydraulic
machine was distinguished more by its vascularity, with innumerable tubes
and pipes running through, and composing, the body, than by its subor-
dination to the laws of mechanics, statistics, and hydraulics.
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2.2 Elasticity and Fiber

And yet, was this eighteenth-century iatromechanist model of a hydraulic
machine, or the vascular body, really different from a Cartesian animal
machine? Descartes also constructed the image of the body on the basis
of the hydraulic machine, and many other outstanding iatromechanists of
the seventeenth century, such as Borelli, Bellini, and Pitcairn, compared
the animal body to an artificial hydraulic mechanism that functioned in
terms of statics and hydraulics.'® So, then, what is the difference between
the vascular body of the eighteenth century and the hydro-static machine
of the previous century? La Mettrie’s note to Boerhaave’s Institution pro-
vides an interesting hint on this point, as he questions the validity of the
mechanical analogy and the applicability of hydro-mechanics to medicine,
concepts he thought of as Boerhaaverian. La Mettrie, once a pupil of
Boerhaave, pointed out that “were its [the human body’s] vessels metal
tubes..., the [hydro-mechanical] principles would then be sufficient to
explain their actions,” but the “metal tubes” of machinery were obvi-
ously different from the vascular tubes of the human body, which were
“made up of elastic fibres admitting reciprocal elongation and contrac-
tions”; therefore the fluids of the human body did not follow the laws
of hydraulics or hydrostatics.!® Although La Mettrie rather deliberately
reduced his master’s theory to one addressing a strictly limited mecha-
nism, whereas Boerhaave himself conceived of the body as involving an
interaction between the solid elastic vessels and the fluids (the body as “an
Assemblage of small elastic Solids”),!” La Mettrie’s criticism of a presum-
ably Boerhaaverian system serves to throw into a sharp relief the differ-
ence between seventeenth-century mechanism and its eighteenth-century
counterpart—the belief'in the “elasticity” of animal fibers. The iatromech-
anists’ hydraulic, vascular machine was not a hydro-static one traversed by
a series of hollow “metal-like” tubes, through which the circulating fluids
passed, nor was it a Cartesian machine the center of which was a furnace-
like heart burning a “fire without light” to send off the blood; rather, it
was a flexible, or more precisely, elastic machine, the components of which
were not metal tubes but elastic fibers. Elasticity and fiber were thus what
distinguished eighteenth-century iatromechanism from the previous cen-
tury’s mechanical theories.

The elasticity of animal fiber was, as it were, the linchpin of iatromecha-
nist theory, although it has been paid only scant attention by medical his-
torians. Cheyne’s encomium to the function and property of fiber which I
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mentioned in the opening of this chapter is worth citing again: “[ Elasticity]
is the noblest Instrument of all the Action and Functions of an animated
Body.... Growth and Motion both, that is, the whole Business of the
Animal Life, is owing to the Springiness of these Fibres. ... And in this
Contraction and Restitution of an Animal Fibre, the greatest Mysteries of
the whole Structure consist.”!® Like Cheyne, most iatromechanists main-
tained that any vital motions (animal life) were not calibrated without this
essential property. Browne Langrish was only one of those who embraced
this idea in saying that “[w]ithout this Property in the Fibres, Life could
not subsist but a few Hours, or perhaps Minutes,”! and claimed that the
theory of diseases owed much to the knowledge of elasticity.?® What was,
then, the elasticity in which “the greatest Mystery” of the body was sup-
posed to lodge, and how did it sustain life?

First of all, elasticity was not merely a property of being flexible. More
precisely, elasticity was defined as the innate property of the fiber by which
it endeavored to restore itself to its former (natural) state when the fiber
was stretched to any length beyond its natural state. Elasticity was the
inherent power of restoration and restitution residing in the solids com-
posing the fibers.?! As I shall argue below, the actively motive power for-
merly supposed to reside in the fluids was by this time found in the solids,
and this active power of the solids came to be identified with elasticity:
“’tis certain in Fact that the Solids are indued with Elasticity, as a constant
uniform Spring or Power of Motion,” while the fluids had no such prop-
erty or active force at all.?? At its most extreme, this “original active Force”
of the solid-fiber was absolutely independent of the bodily fluids; it did not
depend on any force derived from animal spirits or subtle juices secreted
from the brain or any other parts,>® or on the mixture, effervescence, or
rarefaction of any fluids or liquids.?* That this power was essentially intrin-
sic to the solids was evidenced by the fact that when the fibrous bodies
(muscular fibers) were taken out of the body, they contracted and restored
themselves against any stretching force.”> However, it would be impos-
sible for life to maintain itself only by the power of the solids; the very
power of the solids to return to their original state would not be initiated
without being triggered by some external force added to them in the first
place. Even though Morgan, an ardent adherent of solidism, exorcised the
motive power from the fluids, he admitted the natural action of the fluids
to distend and stretch the vascular parts, against which the solid-fibers
exerted a continual effort to restore themselves.?® On this mutual inter-
action between the fluids’ distension and the elastic fibers’ contraction
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depended all the motions and functions of the animal body, including the
circulation of the blood, the most vital motion of animal economy.

2.3 The Body as a Musculav Heart

For iatromechanists, life depended on the circulation of the blood—but
how was the blood, the universal fluid, made to circulate? It was not
thought to be effected by the innate property or principle of the fluids,
for as seen in Morgan, most iatromechanists did not admit the fluids to
have the active self-principle (“self-moving Principle”?”). It was only the
impulses from the solids, that is, the muscular heart and the fibrous parts
of the vessels, that propelled the blood to move; in other words, the blood
was supposed to circulate not only by the impulse of the heart but also by
the elastic power of the fibrous vessels: “The Fluids of the Body are prin-
cipally propelle’d, by the Action of the Heart, and the elastic Force of the
Fibres of the containing Vessels.”?® As the muscular composition of the
heart allowed itself to propel the blood, so the complicated mechanism of
a muscular composition of fibrous vessels enabled the blood to circulate.
For example, the coats of the artery were thought to consist of three lay-
ers, the middle of which was composed of the “muscular fibres” in service
of “Muscular Action.”* It is important to note here that the muscular
fibers not only entered into the “muscles” in a narrower sense of the word,
but also insinuated themselves into other bodily parts that were not ordi-
narily regarded as “muscles,” such as the glands and the (blood) vessels.
Morgan’s vision of the ubiquitous presence of muscular fibers is a case in
point. For him, the muscular fibers were “every where twined and inter-
woven with the Blood-Vessels, not only in the Muscles strictly so called,
but also in the Glands, the muscular Coats, and universally wherever any
Blood-Vessels [were] to be found.”*® The fibrous coats or membranes
were identified by Cheyne with a kind of muscle, or at least he deemed
that they worked as the muscles did: “when ever a Coat consists of Fibres
of whatever kind, excepting those for sensation or Nutrition, it is a sure
Indication that this Coat acts as a Muscle.”*' The sum of the force exerted
to pump the blood was sought in all the elastic (muscular) fibers taken
together, and the force of the heart was only a share of it.

The ubiquitous presence of the muscular fibers throughout the body is
further confirmed by the universal circulation of the blood, the pathway
of which is not limited to the blood-vessels in their strictest sense. As Keill
claimed, the blood not only referred to the bodily fluids running through
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the blood-vessels, but also designated the animal fluids in general that
passed through the innumerable pipes and vessels, the source of which
originated in the blood: “by Blood I understand not only the Fluid in
the Veins and Arteries but likewise that in the Lymphatducts, Nerves, or
any other Vessels of the Body, because they are all Parts of the Blood,
separated for it by the Force of the Heart.”?? John Quincy’s illuminating
survey of the whole course of circulation epitomizes what iatromechanists
envisioned as the universal circulation of the fluids and the ubiquitous
presence of the muscular fibers. Quincy, a perspicacious iatromechanist of
a theoretical bent,* in his essay on gout elaborated his view on the system
of circulation, which he divided into three stages in accordance with the
traditional process of digestion (“concoction”), equating the process of
circulation with that of digestion. The first stage begins with the stomach
and intestines (which also indicates circulation was imagined to be a kind
of digestive process preparing for animal fluids) where the chyle, being
concocted, infused through “Lacteals” into the blood, which was itself
sent off to the second scene of “Digestion and Alteration”; the second
circulation was done in the heart and arteries where the finer animal fluids
were prepared to be properly secreted by the principal glands or viscera,
the semen by the testicles, the bile by the liver, and so on (and what could
not be attenuated finely enough for further secretion was to be strained
off by the kidneys and ejected by urine). The last stage of circulation and
digestion was in the “Fibres,” those “fine Threads of which the Solids of
the whole body” were “formed.” The animal juices prepared here in “the
most minute Meanders” were diffused into solids with their due moisture
and nourishment. In this last circuit, the primal force to circulate, digest,
and attenuate the animal fluids into the most minute particles was not the
power of the heart or the arteries as in the second stage, but the “tonick,
clastic Force of the Fibres.”** What Quincy imagined here is the muscularly
active, elastic process in which the solid-fibers vigorously exerted a kind of
muscular motion in their whole body, that is, in the solid-fibers as a whole.
The whole mass of fluids (“Humours”) is thought to keep moving by
“the Undulations, Vibrations, and Concussions of the Fibres” proceeding
from their natural elastic force.®® The regular alternate motion of dilation
and contraction, systole and diastole of the muscular heart, was processed
not only in the heart and arteries but also in almost all the other solid
parts wherever the muscular fibers were insinuated. The elasticity or elastic
power of the fibers—a contractile motion to restore the prolongation of
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the fibers to their former state—precisely recapitulates what the muscular
heart exerted, an alternate movement of systole and diastole.

According to Keill, the “Fibres of the Muscles” occupied by far the
greatest part of the body.? It should be noted here that the term “fibres”
designates not only the muscular fibers in a narrower sense of those
that entered into the muscles and composed them, but, as in the case of
Cheyne, Morgan, and Quincy, it also refers to the elastic fibers that enter
and interweave ubiquitously into the solid parts. Morgan saw the lungs as
the muscles, the glands as the “secretory” muscles.?” Given that the whole
body is composed of the fibers, it could be argued that the body imagined
by iatromechanists is predicated on the model of the muscular movement
of the heart. This would be all the more cogent if we compare Quincy’s
three-stage system of circulation to the traditional view of three-stage con-
coction process, successively done in the gut, the liver, and the various
parts of the body. Quincy in a sense modified the démodé system of diges-
tion in light of a newly fledged medical theory. Quincy’s iatromechanically
updated version of the digestive system was the newer counterpart to the
older idea that the human body is just a giant stomach. In the old system,
digestion is something that does not happen exclusively in the stomach
but occurs throughout the body, so the human body could be seen as
a stomach constantly concocting®®; in the new system, circulation and
digestion happen not exclusively in the heart and the blood-vessels, but
occur wherever the fibers are present, so the human body could be seen,
as it were, as a giant heart whose muscular movement is to be reflected
everywhere in the body. It is true that the idea of the body and animal
economy of iatromechanism is predicated on the dynamics of the hydrau-
lic machine, and yet that is not sufficient to apprehend fully the way in
which iatromechanists perceived the body. The muscularly moving body,
a body that acts, moves, and exerts itself just like a muscular heart—this is
precisely what iatromechanists imagined in light of their fashionable new
medical system.

3 Erasticity, FIBERS, AND MOTION
3.1  Motion, Muscles, and the Will: The Classical View
of the Muscular Body and Its Rupture

One might argue that such a muscular body image has a long history,
reaching far back to ancient Greece and Rome, where the figures of
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gladiators were displayed, and manifesting itself since then in the figures
of the muscular man that have been widely produced in a variety of forms
throughout human history, most prominently in the écorché statuette.®
Especially after Vesalius’s innovative anatomical research, myology (the
study of muscles and their anatomy) as well as muscle physiology always
occupied one corner of medical studies; the recurrent display of the figures
of muscular men in the anatomical tables would reflect medicine’s preoc-
cupation with muscularity and the muscular body. So, what is new about
eighteenth-century iatromechanism with regard to the muscular body?
One might also feel that I have conflated muscularity with elasticity, so
that the elastic body was misleadingly equated with the muscular body. In
response to these concerns, I shall unravel the historical complexity with
which elasticity was invoked and gained a firm foothold in a new medical
system.

Generally speaking, the notion of elasticity was scientifically adopted
first by Jean Pecquet, a seventeenth-century French physiologist, to
denominate the impulsive or propulsive force of the air, a phenome-
non already known by some natural philosophers like Pascal and Giles
Persone de Roberval. Literally translated from the Greek noun, elater,
the term, “elasticity,” was widely used and standardized by English nat-
ural philosophers such as Walter Charleton, Henry Power, and Robert
Boyle (“spring” and “springiness” were the favorite terms for Boyle and
Hooke).*® Seventeenth-century iatrochemists attempted to explain away
the otherwise clandestine phenomena of animal economy by applying the
notion of the elasticity of air to the bodily fluids. The concept of the elas-
ticity of air and its adaptation to the system of bodily fluids still enjoyed
popularity among medical men well into the eighteenth century; one has
only to review Richard Mead’s position on the tenuously elastic atmo-
sphere, or Keill’s view on the blood’s particles hitting and deflecting off
one another by the virtue of elastic power.*! In this light, the introduction
of the concept of elasticity into the solid-fibers could be said to derive
from the concept originally attributed to the fluids. However, I wish to
show here an alternate route, the origin of which can be traced back to
the ancient era.

Since Roman times, motion or movement had largely been divided into
two kinds: voluntary motion/movement, in which the will intervenes, and
involuntary motion/movement, which is totally independent of the will—
a movement such as digestion, respiration, or pulsation of the heart. Galen
was one of the earliest physicians to carve out muscles as a critical agent
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in movement, and claimed that the muscles were the “instrument of the
will.”#? Before Galen, muscles were very sparingly referred to, for example
by Hippocratic writers who deemed muscles simply a kind of flesh, and
preferred to argue using the terms “sinew/tendon” or “flesh.” Yet, by
the time Galen wrote his magnum opus, it became indispensable to argue
about muscles, largely because they articulated the autonomous agency of
the willed subject.** We can walk, run, jump, talk, or walk slowly or speak
quickly, because we have the organs of motion called muscles, which are
the instrument of voluntary motion—that is, the instrument of the will.
We can walk slowly when we will (choose) to do so. As Kuriyama shrewdly
pointed out, the concatenation of muscles, will, and the autonomous agent
are intimately related to the emergence of the particular conception of the
Western subject that identifies us as genuine agents.** Ever since Galen,
the notion that muscles were the embodiment of the will had remained
a firm belief among medical men. John Bulwer’s rather outdated treatise
on muscles, published in 1649, provides us with an illustrative case. Here,
Bulwer summarized what had been recurrently claimed of muscles and
the will:

The neerest and immediate Instrument or the Motive Faculty for the exercise
of motion,...is a Muscle; from whence moving proceeds, as from a Motor,
whence among Physicians it is reciprocal and Convertible, to move and to
have Muscles: for, no part without the endeavour of a Muscle,...is stirred up
to any voluntary motion:.... And there is no Muscle to be found in the Body,
but it can expedite such voluntary motion. Since all voluntary actions of the
Soul are perform’d by motion, and all motion necessarily implyeth the use
of Muscles.*®

Moving is equivalent to having muscles; conversely, having muscles always
indicates motion. Similarly, the willed movement of the soul (voluntary
motion) is to be executed by the use of muscles; the use of muscles in turn
marks that there is always a will. Almost 50 years after Bulwer’s essay on
muscles was published, and when intense interest in muscular physiology
began to surge, Boulton, one of the muscle physiologists and anatomists
of the new era, could still rehearse the hackneyed panegyric on muscles:
“Muscular Motion is the very Index Animi.... It’s the Ultimate Result of
our most secret Thoughts and of our Will....[A] Muscle should be termed
an Ignoble part.”*® By loss of a single bit of muscles, our faculties, natural,
vital, or animal, would be significantly vitiated. So, muscles’ nobler use
contributes to the “perfection of Man.”*”
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Thus, it could be argued that in the classical view of a muscular body
or muscularity, the will, its immediate instruments (muscles), and their
external embodiment (motion), taken together, composed the triple
unit (trinity) constituting the kernel of living human beings. The figure
of a muscular body externalized this classical trinity concerning muscles.
And yet, there occurred a rupture initiated largely by Harvey’s discovery
of the circulatory system, that would undermine the linchpin of the clas-
sical view of muscularity. In short, before Harvey, most anatomists did
not assume the heart to be composed of muscles, because the pulsation
of the heart was an involuntary movement, which required no voluntary
will, and therefore needed no muscles. In effect, Galen dismissed the
anatomically proper but very vague view presented in the Hippocratic
treatise On the Heart that the heart had some kinds of muscles, and he
did not admit any kinds of muscles to exist in the heart simply because
it moved of its own accord, independent of the will.*® What would hap-
pen, however, if the heart, the exemplar of the agent of involuntary
motion, were found to be composed of nothing but muscles? Surely it
would highlight a serious contradiction. This had possibly occurred to
medical men since Harvey’s physiological discovery of the circulation of
the blood and his insinuation that the heart functioned like a pump had
served to direct their attention to the mechanical cause of the involun-
tary motion of the heart. Certainly, it was not Harvey who first asserted
that the heart was composed of nothing but muscles; it was Steno of the
Netherlands in 1664, and then Richard Lower of England in 1669. But
Harvey delivered the decisive stroke in making the contradiction (that
involuntary motion does involve muscles) visible and distinct, for his
discovery of the circulatory system initiated the subsequent anatomical
research into cardiac musculature.*” Even carly in the eighteenth cen-
tury, the deeply felt contradiction was still present in a medical textbook
written by Peter Paxton, in which he explained the mechanism of vol-
untary and involuntary motions: voluntary motion was performed by
muscles, which were the “the direct and proper Instruments of volun-
tary Motion” employed at “the Will of the Man,” whereas involuntary
motion was performed by “the membranous parts” independent of the
will. But Paxton conceded the one exception to this rule; there was an
organ that was entirely muscular but whose motion was involuntary,
“there being but one part purely and intirely Muscular imployed in that
[involuntary] Motion, viz. the Heart.”*® Paxton left this contradiction
unresolved.
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So, how can this paradox be resolved? It seems to me that most effec-
tive way to clear up this problem would be to establish a new micro-
agent of motion, voluntary or involuntary, instead of the muscles as the
gross-agent of voluntary motion. The new agent that could compensate
for a fissure in the classical idea of muscular motion brought forth by
Harvey’s anato-physiological discovery of the heart would be precisely
the fiber, endowed with elasticity, an essential functional property of the
solids.

Harvey himself anticipated that the fiber could constitute an agent of
motion. A good pupil of a prominent Italian anatomist, Fabricius, whose
favorite themes of study included muscular motion, Harvey spent much
time on the study of muscles and muscular movement between 1616 and
1628; part of his achievement can be found in his Latin manuscript, De
moty locali animalivm (1627), a seemingly scholastic explication of previ-
ous writers’ opinions on the muscles.>* Here, Harvey, in his usual manner,
deliberately found a way to uphold Aristotle’s view of muscular motion by
almost misconstruing Aristotle’s term “nervus” as “sinew,” and by draw-
ing on the authority of Fabricius and Riolan who maintained that the
chief organ of movement was in the sinewy parts of the muscles not in the
flesh, a point favored by Aristotle. In fact, quite contrary to received opin-
ion, Harvey’s Aristotle is familiar with muscles, referred to by Aristotle
as “nervus,” which means either “sinew” or “nerve,” depending on the
context in which the term appears. Galen took the word to mean “nerve,”
and so judged that Aristotle did not know about muscles.*? But Harvey
almost always interpreted Aristotle’s “mervus” as “sinew,” and assumed
that Aristotle rightly attributed motion to sinews. “Aristotle...says that
movement is to be related more correctly to sinews....[T]he heart is
abundantly supplied with sinews on account of the movement.”* In face
of the nomenclature issue, Harvey boldly suggested that the principal
organ of motion should be properly called “sinews” (nervi) rather than
“muscles”(musculi).>* And after surveying Fabricius and Riolan’s opinions
on muscles, he went further by saying that since the sinew is a “simple par-
ticle” whereas muscle has a complex structure, it is better to posit a “mul-
tiplicity of fibres” as a single unit for a principal organ of motion, some
of which can or cannot be stretched while others do otherwise. These
considerations eventually led Harvey to propose a more correct term than
“sinew”: “Is it not more correct to term the fibres [ fibrae] concealed in
the heart and in the intestines, and wheresoever there is movement, sinews
and fibres rather than muscles?”®®
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We might construe Harvey’s intimation of the fibers as the principal
organ of motion as a prefiguration of what eighteenth-century iatro-
mechanists wanted to embrace—all the more so because his fibers were
“concealed in the heart and in the intestine,” the motion of which was
involuntary. These muscular fibers that Harvey pre-empted were not the
noble organs called muscles, as the traditional anatomists would extol.
Harvey’s fibers were much closer to the fibers that Cheyne would acclaim
in his comments on the elasticity of the fibers as the noblest instrument
of all the actions and functions of the body. I am not arguing here that
iatromechanists had in mind Harvey’s idea of fiber as an agent of motion;
rather what I wish to contend is that the dilemma occasioned by Harvey’s
investigation of the heart and the circulation of the blood, and his incipi-
ent idea of the fibers as a solution to this dilemma, would account to a
significant degree for the development of the idea of “motion” in general
and of the “elasticity” of the fibers in particular. The classical view of mus-
cularity dictated that wherever there are muscles, there is movement, and
therefore there is will. After Harvey’s rupture with the classical view of
muscular motion, the iatromechanists would rather have said that wher-
ever the fibers are, there is motion, and therefore there is involuntary
non-will.

As 1 discussed above, Paxton was not able to solve the contradiction
of the motion of the heart, which was both muscular and involuntary,
precisely because he couched his theories in the classical paradigm of
muscularity; the idea of fiber as a new micro-agent of motion was there-
fore unavailable to him. The new way of seeing muscular motion, how-
ever, had already been propounded by Jean-Baptiste Verduc, a French
anato-physiologist at the turn of the eighteenth century, who commit-
ted himself to the “modern” paradigm of muscularity. For Verduc, the
classical way of treating motion and muscles was no longer effective. He
categorically denied the ancient distinction between voluntary (“ani-
mal”) and involuntary (“natural”) motions, and claimed that the motions
of the involuntary parts (the lungs, the intestines, and the heart) were
not different from those of the voluntary parts, because there was now
a relatively new consensus that “the Heart is a true Muscle.” Like the
iatromechanists discussed in the previous section, Verduc postulated the
view that all the parts of the body were “nothing but Muscles expanded
or dilated.”® But the “muscles” he designated here were not the same
muscles as the those responsible for voluntary motion (as dictated by the
classical view of the muscles and motion), since they were also found in the



78 H.ISHIZUKA

involuntary parts—and, as the modifiers “expanded or dilated” in fact
illustrate, the “muscles” to which he referred were grounded in involun-
tary motion rather than voluntary. He thus relied mostly on the notion
of the (muscular) fibers rather than on the muscles for explanations for
the agents of motion, his opinions seconded by the latest achievements of
his contemporaries such as the muscle physio-anatomists Steno, Borelli,
Willis, and Mayow.®”

Such a new way of seeing muscles, based primarily on involuntary
motion rather than voluntary and on the concomitant idea of fiber as
the micro-agent of motion, became firmly entrenched in the minds of
medics as the century progressed. When Alexander Stuart put forward a
general scheme of muscular action in 1739, he was deeply immersed in
the full implication of the refurbishment of the concept of muscles and
motion. “The universal instrument of all animal motion,” he argued, was
“a MUSCLE.”®® But, as in Verduc, the “muscle” Stuart designated was
not that of the classical view of motion, for Stuart proclaimed the exis-
tence of “the smallest muscular fibres” which comprised the muscle to
be the agent of motion.*® Referring to Glisson’s experiment of the fibers,
he further contended that each small fiber had “an alternate diastole and
systole,” manifesting the very involuntary movement that the heart repre-
sented.® So, all animal motions, voluntary or involuntary, were assumed
to be executed by the “muscles” understood by the common epithet of
“fibers.”

Certainly, the idea of fiber as the agent of motion was not new; most
anatomists had assumed that motion was executed in the direction deter-
mined by the arrangement of the muscular fibers (whether they were
oblique, lateral, spiral, etc.), and since the sixteenth century, the fibrous
structure of muscles had been meticulously observed and analyzed by
anatomists. But it was only in the area of the morphological function of
the fibers that anatomists researched intensely; the fibers in this sense were
the ancillary instrument, an instrument of the instrument (muscles) of
the will, for they served as a proper channel for the spirits or pnenma,
which were sent off by the ordinance of the will (mind) to travel along
the properly arranged lines that the fibers determined to direct.®! In this
case the fiber was the epithet of the muscles, the agent of the will, while
in the new iatromechanistic view, the “muscle” was the epithet of the
fiber, primarily the agent of the non-will. In other words, the view of the
fiber as the morphologically determining agent of motion, which became
increasingly sophisticated in the latter half of the seventeenth century, still
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remained within the classical paradigm of muscular motion and muscular-
ity. When the fibers are said to embody the agent of motion in the new,
iatromechanist sense, they must be assumed to encompass the physiologi-
cal, motile, and kinetic function—exemplified as the involuntary motion
of the heart’s diastole and systole—rather than the anatomical, morpho-
logical, and structural one. And the notion of elasticity, which was by the
early eighteenth century assumed to be inherent in the fibers, would be
exploited by iatromechanists for the functional agent of motion.

3.2 Moving, Vibrating, and Living: A Shift in the Idea
of Motion

It could thus be argued that Harvey played a double role; that is, he punc-
tured the long-standing belief on muscularity and the will, and simultane-
ously prescribed the panacea for the rupture, although Harvey could not
use the term “elasticity” because it had not yet been coined, and so was
unavailable to him. Next, we have to investigate the contested relation-
ship between motion (moving) and life (living) to gauge the way that
the classical idea of motion, always relating to life, was superseded by the
modern concept of motion embraced by iatromechanists, and examine
what motion is all about in iatromechanism.

Since ancient times, moving and movement had given eloquent tes-
timony that a creature was living and sensitive. Before the modern era
(before, roughly, the seventeenth century), “motion” had been imbued
with a far more mysterious aura, in which everything relating to life and
living beings was hidden.®> Bulwer, for instance, in the section of his work
entitled “Of the honour and dignities of animal motion,” stated that a
“living creature” was defined as a “moving” animal, and supposed that
if one were deprived of all the muscles—the noble organ—there would
remain so few bodily parts or organs that one could not be identified as
human.% The meaning Bulwer wanted to convey here would be not only
a morphological one in which man could not be recognized as human if
deprived of the muscles which occupied most parts of the body, but also a
functional one—that is, one could not move without muscles, an instru-
ment of motion.** The soul, the principle of life, is only made known
through the motion of its instrument, the body.®® In this light, muscles
were not only the instrument of motion, and by extension of the will, but
also the external embodiment of the soul and life (living principle). What
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would happen, then, to the very concept of motion, when the agent of
motion was replaced by the fiber in a new iatromechanical age?

For a long time, local movement was deemed by physics and natural
philosophy as the very basis and cause of changes in quantity and qual-
ity of matter.%® The importance of Harvey’s discovery of the circulation
of the blood in respect to motion was to bring into the animal body the
very concept of motion (i.e., circulatory movement). After Harvey, medi-
cal men believed that in a living creature, circulation greatly affected the
changes of the body.%” Yet, a substantial incorporation of Harvey’s discov-
ery into medical theory took a fairly long time.®® Among many possible
reasons for this, the most cogent was the long-standing reign of humoral
theory in the field of medical pathology. Circumscribed by an intellec-
tual framework of humoralism, the interest of medical men was likely to
be focused on the quality of the blood rather than on the phenomenon
of circulatory movement, as was evident from blood transfusion experi-
ments. It was only during the last two decades that some innovative medi-
cal men like Bellini and Pitcairn promulgated the new idea that disorders
of the body were essentially caused by the obstruction of the circulation
of the blood. They still thought, however, that it was principally the fluids
(humors) that moved; therefore, the tacit assumption that the solids were
motionless and inactive while the fluids were active and motile survived.
To the extent that the fluids were endowed with motive faculty, power
or principle (something animal spirits enjoyed), it was the fluids, not the
solids, that functioned as the agent of motion. As late as the early eigh-
teenth century, Paxton, who held the traditional view of muscularity, stub-
bornly subscribed to this belief, stating that diseases proceeded from the
fluids because only the fluids moved and changed their place, whereas the
“adhering and consistent” (that is, solid) parts were incapable of moving
from the “Firmness and Fixedness of their Nature.”®® The solids, “the
Organical and Consistent Parts,” were assumed to have no powers in and
of themselves to move and act; they were only actuated by the “subtle
and nimble Fluids.””® So, if muscles were the instrument of motion by
which the members were moved, it was really the nimble spirits or fluids
that moved the muscles, and the circulating blood added the strength and
power to the motion.”!

When solidism, as it was later called, was center-stage at the turn of
the eighteenth century, the inveterate constraint imposed on the minds of
medical men was finally removed, and they (iatromechanists-cum-solidists)
ventured to reverse the relationship between the fluids and the solids. In
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short, thanks to G. Baglivi, an Italian iatromechanist, the “Doctrine of
the Solids” was fully established among many who began to realize the
importance of the solids in diagnosing and treating the body. The solids
were no longer regarded as passive matter incapable of moving and acting
on their own, but were now thought to be active movers, and assumed
all roles once fulfilled by the fluids as the agent of motion. Conversely,
dislodged from their former critical and noble roles, the fluids (humors)
were relegated to the status of an ancillary agent that served only to main-
tain the due tension of fibers or solids by their moisture; the fluids were
essential to the body in so far as they moistened the fibers.”? The causes
of diseases were sought primarily in the solids, not in the fluids, for even
if vitiated, putrefied, and stagnating animal juices occasioned some dis-
orders by obstructing the pipes, the changes that the fluids underwent
were mainly effected by the morbid state or the motion of the solids; if
the solids lacked the necessary elasticity, the motion imposed on the fluids
became critically feeble, so that the animal juices would deteriorate into
a “sizie” and “gross,” which in turn led them to stagnate in the minute
canals.”

The active power attributed to the solids (fibers) is nothing but the
“elasticity” of the fibers, which we have already seen in the above section.
What kind of motion is it, then, precisely, or what modality does it have,
and how does the elastic motion of the fibers conceived by iatromecha-
nists differ from the muscular motion or local movement identified as an
external embodiment of the will and the soul (life)? Our common sense
would tell us that we cannot palpably sense a tactile sensation of elastic
motion of the fibers (solids), except by the sensible motion of the pulsa-
tion of the heart or the arteries; alternatively, we might be sensible to a
certain extent to elasticity when we apply pressure to the skin and feel
the resisting force of muscles corresponding to the force given to them.
The elastic motion assumed by iatromechanists was, however, not pri-
marily sensible to the extent that a person could plainly feel it. Rather,
the modality of elasticity was that of insensible motion, something like
extremely infinitesimal vibration or tremulous motion rarely perceptible to
our senses. For iatromechanists, the fiber-solids were always accompanied
by a minute vibration, an infinitesimal, diminutive undulation or oscilla-
tory motion—an insensible, minute motion imperceptible to our eyes;
as Barry put it in an incisive remark: “every living Part of a human Body
has a perpetual Pulsation...imperceptible to our Eyes.””* Vibrating was
vital to the body, for without continual oscillating motion of the solids,
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living creatures would fail to maintain life. As discussed earlier, the solids,
composed of the fiber-vessels in which the fluids were running, moved
themselves mainly in the service of uninterrupted circulation equivalent to
digestion, in the process of which the fluid-particles were, by the vibrating
motion, further attenuated to pass into the more minute vessels.”> If the
solid-fibers became too rigid and lost their necessary elasticity, the circula-
tion of animal and nutritious juices would be propelled only by the heart,
and poor nutrition would result.”

Elasticity of the fibers, the vibrating motion of the solids, the circula-
tion and digestion of the fluids, life-maintenance and provision of nutri-
tion, all taken together, converged into an invisible vibration, a certain
mysterious internal movement, or an imperceptibly infinitesimal motion
of the internal body. According to this notion, animated beings are living
because they are moving, and yet “moving” as understood by iatromecha-
nists no longer designated what Bulwer had understood by moving—that
is, that moving, as an external sign of the will, makes the soul known,
and by extension makes living visible. For iatromechanists, living identi-
fied with moving signifies the invisible, involuntary, and internal motion
or motility of the fibers’ firisson’” rather than the external manifestation
of voluntary motion. Certainly, in the aftermath of iatromechanism, von
Haller would attempt an externalization and visualization of frisson in his
experiments with sensibility and irritability. But what von Haller and other
neuro-physiologists did was to expose to the view a sensibility embedded
within the body, not a mere externalization of motion. When the rupture
occurred in the classical view of muscular (voluntary) motion, and the
fiber was called forth as an agent of (involuntary) motion in tandem with
the upsurge of solidism and a concomitant evaluation of the solids, the
concept of motion that molded the phenomena of life underwent a radi-
cal alteration: a frisson of involuntary motion was thought to be deeply
embedded in the substratum of the living body.”®

3.3  Tension, Tone, Tonus, and Elasticity

To make more intelligible the concept of a frisson of a fiber’s internal
involuntary motion, let me show it from another point of view, parallel-
ing it to another concept of motion, one variously referred to as “ten-
sion,” “tone,” or “tonus.” The elasticity of the fiber was often abreast of,
and sometimes conflated with, a motion such as pulsation, undulation, or
vibration. To make the matter more complicated, elasticity also concurred
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with “tension,” “tone,” “contraction,” “contractile power,” or sometimes
even with “stiffness” and “strength.””® Langrish depicted the fibers of the
body during life as in a state of being stretched and becoming tense, that
is, a state of “Tension.”® That fibers were during life unnaturally extended
and tensed was known from the oft-cited phenomenon that when an inci-
sion is made on muscles, the muscular fibers fly back and cause the wound
to gape. Robinson refers to this hyper-tension as a “State of Violence,”8!
while Cheyne remarked in a similar vein that all the fibers of the body
were in a “State of Distension.”* It should be noted here that being dis-
tended and stretched was not considered to be the same as being merely
elongated to an unnatural length, for to be tense implies that the subject
of tension (the fiber in this case) must possess potential to resist the power
that strives to stretch it. Since this counter-power of resistance was noth-
ing but a “contractive” power inherent in the fiber, it was equated with
“elasticity” in so far as it resembled the motion of returning to a former
(natural) state, and was hence called “restitutive Force.”® Without ten-
sion, the fiber would have no elasticity. As the relaxed, loosened string, if
cut, would not contract, so the non-tensile fiber such as the fiber soaked in
water, if cut, would not contract. latromechanists predicated their devel-
oping medical theory on the contrary states of tension and relaxation.

It is worth pondering whether tension is a kind of motion, for being
tense implies the power of contracting and pulling. Apparently, tension or
tone is not motion, since, being static, the fiber does not change from one
place to another. However, tension is in essence a motion, traditionally
defined as “tonus,” the medical use of which can be traced back to ancient
times when Galen classified a variety of muscular motions and commented
on the last kind of motion as “tonus.”®* “Tonus” or “tonic action” is so-
called when something making no apparent movement is, in reality, active,
a special kind of motion closer to today’s “active posture.” Usually motion
is motion when something moves—for example, when the body executes
some action like walking or running through the use of muscles. But how
about a case of standing still? In this case, there occurs no gross move-
ment within the body, but one cannot stand still without exerting one’s
muscles to resist falling down. And what of raising an arm and keeping it
in a raised position? The arm retains the posture only when the arm exerts
its muscles internally so as to prevent it from falling. These invisible, insen-
sible motions, apparently accompanied by no external, visible movement
but in effect some energetic exercise and activity within, are called “tonic
motion.”% This “tonic motion” may occur even when one is unconscious,
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as in the case of sleeping, during which evacuation is retained by dint of
“tonic motion.” According to the classical view, motion meant in essence
a local movement, moving from one place to another, a motion that was
meaningful only when it was externalized. Within this theoretical frame-
work, “tonic motion” had found its place in a supplementary, shadowy
existence of authentic motion. This supplementary concept of motion,
however, appeared on the central stage when a disruption occurred in the
classical view of muscularity, which induced an urgent need to invent a
new agent of motion, as we have observed above.

It is interesting to note here that, as in the case of the fiber discussed
above, Harvey also seemed to prefigure the notion of elasticity in terms of
“tonic motion.” Regarding the actions of muscles, Harvey argued that the
essential element of the muscles was the “contractile element,” and there-
fore muscular movement was executed by “pulling” rather than “push-
ing” (all motions were occasioned by this simple alternation of pushing
and pulling, as Aristotle said).%¢ He went on to endorse Galen’s opinion
that “contraction” and “tension,” or “tonic movement,” were the same
muscular motion (“by contraction is made the movement from relaxation
to rigidity, and this is tension and it is made by contraction”).8” Of the
“tonic motion,” Harvey, commenting on Galen’s depiction of tonus,
remarked that “the greatest usefulness of tonic motion is that it makes
muscles be still by alternately getting rid of, and restoring, resistance and
by regulating it.”3® The translator complained of the obscurity of this pas-
sage, and ascribed it to Harvey’s omission of some words.? It scems more
likely, however, that Harvey tried to convey what later anato-physiologists
defined as elasticity in terms of “tonic motion,” because the term elasticity
was unknown to him.

It is also interesting to note that the notion of “tonus” was reinvented
and fully elaborated by Georg Stahl, a distinguished medical philoso-
pher of animism, at the end of the seventeenth century. Stahl was famous
as a radical advocator of animism in the face of mechanical philosophy
and his medical philosophy of animism is said to have had an impact on
eighteenth-century medical vitalism (especially the Montpelier school);
his medical theory of the living organism, however, shared much with
that of iatromechanists in terms of the idea of “tonic motion.” As Kevin
Chang has convincingly demonstrated in his paper on Stahl’s notion of
tonic motion, against the background of the post-Harverian circular phys-
iology, Stahl formulated “tonic motion” as the agent of life or vital energy
that resists the ceaseless process of putrefaction by driving the blood to
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the determined parts—it is a kind of “a second motor.”® Significantly,
Stahl expanded the classical Galenic notion of tonus as postural motion
and conflated it with the Methodist notion of “strictum and laxum”—
“the contractions and consequent relaxations of the body parts,” which
are at work on a microscopic scale.”! From our point of view, it is evi-
dent that the Stahlian notion of tonic motion has elements in common
with that of elasticity as variously articulated by eighteenth-century
British iatromechanists who sometimes associated elasticity with tonus.
British iatromechanists, however, seemed not to refer to Stahl’s work; this
may have been because they wanted to distance themselves from an ani-
mist. Instead of Stahl’s tonic motion, British iatromechanists turned to
Friedrich Hoffmann, Stahl’s colleague, and Giorgio Baglivi, the founder
of solidism, both of whom, as Chang discussed, attempted to address the
Methodist notion of “strictum and laxum” when forming their mechani-
cal medical theories.”? As mentioned in Chap. 2, the Methodist doctrine
of strictum and laxum was continued and reformulated in various forms
by seventeenth-century English medical authors and by the authoritative
Boerhaave in the early eighteenth century; British iatromechanists could
appropriate the mutually related notions of tonus, tonic motion, and the
“strictum and laxum” of Methodist beliefs from these various sources.

To the eyes of iatromechanists, the affinity of “tonic motion” with the
elasticity, the tension or the frisson of the fiber might be indisputable: both
motions are invisible, insensible, and imperceptible to our eyes, and, criti-
cally, they do not have any local movement; moreover, they resist some
force in restoring themselves to a former state or in maintaining a certain
posture; they are internal and involuntary minute vibration-like move-
ments in contrast to external and local motion. So, when the elasticity of
the fiber was posited as the new functional agent of motion, it situated
itselfin a lineage descended from the shadowy presence of “tonic motion.”

Thus, iatromechanists envisioned in the muscular body the amalga-
mation of a relatively tangible motion of circulation and digestion, and
an insensible motion of vibration, frisson, restitution, tension, and tonus.
This was a “moving” no longer subsumed in the paradigm of the classical
idea of motion—a motion sustaining life and signaling that animals are
living. Clearly, the modality of the elasticity of the fiber is that of a motion
without (local) motion, and life (animal functions) depends on this fs-
son (elasticity) of an animal fiber. And this is precisely what Cheyne meant
when he declared that “the whole Business of the Animal Life, is owing to
the Springiness of these Fibres.”??
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3.4  Exervcise and Vibration

Now that we have observed that the body image of iatromechanism was
grounded in such a special kind of motion, we are in a good position to
comprehend why exercise was so earnestly recommended in eighteenth-
century therapeutics. Exercise, understood by eighteenth-century medical
men, did not merely designate an ordinary physical exertion like running
and walking, a motion wholly agreeing with the classical view of muscu-
lar motion, executed by an intervention of the subject’s volition. Since
the internal vibration, frisson, and elasticity implanted in the living body
were admitted to reside in the core of life, it follows that exercise should
have included involuntary motion. Francis Fuller, in his widely circu-
lated textbook of gymnastics Medicina Gymnastica, reprinted many times
throughout the century, defined exercise in just this way: “By Exercise...1
understand all that Motion or Agitation of the Body, of what Kind soever,
whether voluntary or involuntary.”®* Any form of exercise bringing about
an oscillatory and shaking motion, among which riding was the paramount
example,” was particularly encouraged, for these motions “imitate[d]”
the internal vibratory motion (such as tension, frisson, and elasticity) in
“repeated Exercise.”” By the successful imitation of these motions, the
circulation of the blood and the process of digestion would be promoted
and excellent nutrition of the body would result. Fuller thus proclaimed
that health and well-being of the individual was, to a significant degree,
owing to the effects of “a General Motion [i.e., exercise | super-induced to
[the] internal Motions.”®” As an exercise like riding would affect the body
from outside by imitating the internal motion, so, conversely, the intake
of medicine into the body would work therapeutically from inside much
in the same manner as “a total Exercise of the Body,” enacted by putting
the “Fibres” upon “frequent Contractions.”® In this sense, the intake of
drugs also counted as “exercise.””

That the form of exercise encouraged at this time was not overly vigor-
ous, but consisted of moderate and gentle kinds of motion, rightly co-
ordinates with the fact that non-voluntary motion occupied the central
place in the paradigm regarding the concept of motion. This is helpful
in considering the revival of music therapy in the eighteenth century, for
we cannot understand why music therapy was revived at this time as a
kind of gentle exercise without taking into consideration the centrality
of non-voluntary elastic motion.!” Regarding music as a kind of exer-
cise, Quincy praised the mechanical effects of music upon the “Animal
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Threads,” caused by the concussion (undulation) of the air occasioned
by a musical instrument. The “least Stroke imaginable” upon the fibers
of the whole body must move the component of the fibers in all their
parts, and give corresponding “Concussions” according to their “Degree
of Tension.”!! Here, the body is imagined as a kind of musical instrument
capable of syncopating with other musical instruments, with the fibers
(“Animal Threads”) comparable to a kind of musical strings. For David
Stephenson, an ardent “mechanical” medical theorist, the human body,
consisting of the elastic fiber-solids, is comparable to “a most finish’d
exquisite string’d musical Instrument” that is extremely susceptible to the
least impressions from the outside, such as the “smallest Sound or Motion
of the Air” which causes the whole animal frame to “vibrate inwards and
outwards.”!?> Endowed with “the most exquisite Sensation,” this elas-
tic, vibratory body, “a most prefect musical Instrument” accounts for the
phenomenon of sympathy or antipathy because it is affected by a vibra-
tory motion throughout the fiber body.!% This is exactly the sympathiz-
ing body which we recurrently come upon throughout the eighteenth
century in the medico-cultural scene of sensibility. Thus, the metaphorical
rendition of the body as various musical instruments, especially as stringed
instruments, and its cultural manifestation in the sympathizing body, can-
not be apprehended without the registering of the elastic fibers in the
medical scene. Exercise and vibratory non-voluntary motions were infused
together in the musically sympathizing body.!%*

4 E1ASTICITY AFTER VITALISM: ELASTICITY AND LIFE

After around 1740, voices labeling iatromechanism as specious became
increasingly loud, and accordingly the elasticity of the animal fiber was
demoted to a mere mechanical agent, as we have seen in Monro’s apostasy
against his ardent engagement in mechanical philosophy. The nerves were
deprived of the attribution of elasticity that iatromechanists once admitted
of them; the nerves, the argument went, were not like the tense string of
a harpsichord, but rather something more delicate and inactive, devoid
of any innate physical property, and thus unable to fulfill their mission of
conveying and transmitting sensation and motion without receiving the
vitalistic property or energy from the mind or the soul. The perceived
center of the organism shifted from the muscular heart to the sensitive
brain, with a concomitant shift of the vital instrument from muscular
fibers to the nervous system. Accordingly, the key to the mysteries of the
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living organism and the kernel of life would be sought not in the elasticity
of the animal fiber but in the sensibility of the nerves. But what actually
happened to elasticity after the dethronement of iatromechanism in the
medicine of the second half of the century? Did it simply disappear in the
face of the ascendancy of vitalism? Or was the concept of elasticity sub-
sumed into the new concepts of sensibility and irritability, so that we can
see a certain continuity between them? It seems that there was a tension in
vitalists” thinking. For they were willing to disregard the concept of elas-
ticity as something belonging to dead matter, while at that same time they
were unwilling to admit that their new concepts of life-principle resemble
elasticity, which they wanted to extirpate. To delineate fully this complex
story is a very demanding task; I confine myself here to an analysis of the
way in which elasticity was fully mechanized by vitalists, and the ways
that the criterion distinguishing elasticity from vital properties was made
unsustainable.

4.1  Elasticity Mechanized

In the iatro-vitalists’ writings on the nature of vital properties such as irri-
tability or sensibility, especially those of the theoretically oriented medics
from the mid-century on, we are often struck by the painstaking efforts
of vitalists to differentiate the concept of the vital principles or proper-
ties (irritability /sensibility) from that of elasticity—the concept belong-
ing to the previous age of iatromechanism—which they supposed to be
“mechanical” or “non-vital.” In vitalists’ writings, we repeatedly encoun-
ter vitalists” reminder that elasticity was not the same property as those
that they promoted; it was a dead force belonging to dead matter, so it
had nothing to do with that which is vital one. As one commentator on
Haller’s physiology glossed, the “elasticity” of the fiber “pervades all parts
[of the body] without exception” and “endure long after death,” there-
fore, its nature had “no similarity to irritability...and vital power,” the
special property that did not equally dispersed all the parts of the body,
but had seats in muscular fibers only and vanished soon after death.!%
Elasticity was deemed to be a property of dead matter, since the power
to contract (i.e., elasticity) continued after death in the same way that
dead matter wholly devoid of life retained the contractile and restitutive
power. Irritability, a Hallerian vital principle (vss insita), differs fundamen-
tally from elasticity in that it ceases to act after death and obeys the laws
of life only; therefore, it is “more proper to life.”!% Irritability should also
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be differentiated from elasticity in that while this dead force is common to
all animal fibers, by extension, to all material (inanimate) substance, irrita-
bility is limited to particular bodily parts, called “muscular fibres,” which
are part of the living body or tissues.!”” Thus, devoid of life-principle and
sharing much with inanimate substance in the mechanical property and
laws of matter, elasticity, for vitalists, was properly called mechanical. The
author of Memoirs of Albert de Haller, MD (1783) cautions the reader
not to confuse Haller’s irritability with elasticity; the latter is “a prop-
erty purely mechanical” and produces “merely mechanical changes” of
the body.!” The author’s usage of modifiers for “mechanical”—“purely,”
“merely”—incidentally reveals his strategy to limit the property of elastic-
ity to mechanical one; at the same time, this might indicate that the exact
criterion distinguishing vital irritability from mechanical elasticity was still
unstable, and his emphasis might reflect anxiety on the part of vitalists on
this matter.

The strong need to see elasticity as purely mechanical was also found
in Haller’s rival, Robert Whytt, an iatro-vitalist with an animistic bent.
In his detailed study on involuntary motions, Whytt tried to tap into the
mysteries of involuntary motion—*“spontaneous” movement without any
attendant deliberateness or consciousness, which therefore, was called
“Automatic.” But Whytt argued that the term “automatic” was inappro-
priate, since it implied that involuntary motion was produced in “a mere
inanimate machine” like an automaton “purely by virtue of its mechanical
construction.”!®” Later in his essay, Whytt equated this “automatic” and
purely “mechanical” property with that of elasticity. Although he ardently
opposed Haller on the existence of irritability and its responsibility for
involuntary muscular motion, Whytt agreed with Haller on the issue of
clasticity.!® More strongly than Haller, Whytt tried to relegate the prop-
erty of elasticity to the realm of dead matter. Repudiating Baglivi’s doctrine
of elasticity, Whytt argued that elastic body was “no more than a piece of
dead inactive matter” without a generating power, and that the sharpest
needle applied to the “spring of a watch” did not make such vibratory
motions as the animal (living) frame would in reaction to sharp stimulus.!!!
Elsewhere in the essay, Whytt strengthened the equation of the property
of elasticity to that of dead matter. Whytt reasoned that if the muscular
motion from a stimulus was produced by “the solid elastic fibres” of the
muscles, then the alternate movement of the irritated muscles should be
like the regular “vibrations of [an] elastic body,” the automatic oscillation
performed at equal intervals by the elastic body, such as “a musical cord,
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or a bell.” Muscle did not, however, follow such “mechanical” movement;
for instance, it became remarkably slower when it lacked strength.!? Later
in his essay, Whytt again argued against the motive faculty of elasticity,
comparing it to the regular movement of a “pendulum” of a clock which
performed at equal intervals.!'® Clearly, in vitalists’ minds, elasticity found
its place only in the realm of dead mechanical matter.

4.2 The Principle of Life/Death and Its Dilemma

The mechanical analogy of the clock that Whytt employed in describing
the nature of elasticity would reveal Whytt’s strategy to confine elasticity
to the realm of the dead inanimate matter. For, as we have scrutinized in
the first section regarding the body image (or model), the iatromecha-
nists’ more proper body image was that of the muscular living heart
rather than the cog and wheel of the clock. Certainly, iatromechanists
had in mind the solid elastic matter such as taut spring or tight string,
but only in connection to the living (i.e., moving) body; there was no
clear distinction between the dead elastic body and its living counterpart.
Whytt deliberately misconstrued iatromachanists’ elastic body image as
that of the “inanimate” and the “dead” in order to draw a sharp contrast
between living (the vitalistic body) and dead (the iatromechanistic body).
In a sense, vitalists made a strategic bifurcation of iatromechanists’ elastic-
ity—in which no distinction was made between dead and living—into the
dead and the living, appropriating the living aspect of elasticity for their
new concept of irritability or sensibility, and leaving the term elasticity
to designate that which was dead.!* This leads us to suspect that there
might be a similarity and continuity between mechanical elasticity and
vital properties which vitalists would be unwilling to admit. The modi-
fiers vitalists employed in articulating the true nature of elasticity, such
as “purely mechanical” or “merely mechanical,” would imply that there
might be a “not-purely mechanical” nature to elasticity, which might
resemble the vital principle they embraced. Haller’s commentator hinted
such was the case. Although he argued that elasticity had no similarity to
vital power, he stated that elasticity somehow shared the vital principle:
“It by no means obeys the laws of life alone, but may endure long after
death.”!'®* He wanted to emphasis that elasticity should conform to the
law of the dead matter, but he insinuated that elasticity was also involved
in vital principles. Was elasticity dead or alive? And how can we distinguish
irritability from elasticity, both of which are endued with similar, if not the
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same, vital properties? The confusion and dilemma many vitalists faced
seem to stem from the point that they tended to interpret the vital prin-
ciple (irritability /sensibility) and elasticity as being mutually exclusive, in
accordance with the principle of the polarity of life and death, deliberately
ignoring the overlapping properties of elasticity.

Let us return to Hallerian notion of irritability contra elasticity. All
animal fibers were endowed with a considerable degree of contractile
power, and this power was called elasticity. Irritability, a peculiar contrac-
tile power, on the other hand, was possessed by the muscular fibers only.
The question then is whether or not the muscular fibers were endowed
with both irritability and elasticity. The Hallerian answer would be that
they did indeed have both properties, as Haller stated that a muscle was
“endowed [with] at least threefold force [elasticity, irritability and sensi-
bility].”¢ So how can these properties differentiate from one another?
As mentioned above, the criterion was whether one belonged to dead
matter or the living organism. Elasticity was elasticity because the elastic
movement (something like vibration or oscillation) continued after death,
while irritability was so called because irritable motion (something like
living tremulous motion) ceased soon after death. One wonder how we
can discern the clastic motion from the irritable one, as the two were
extremely similar phenomena (tremulous involuntary motions). In theory,
vital physiologists would contend that the elastic motion resembles the
mechanical motion, so one could thus distinguish it from vital irritable
motion, as Whytt suggested; but in reality, such theoretical criteria were
extremely precarious because vital physiologists had to account for numer-
ous vital phenomena (irritable motions) after death.

The enigma by which vitalists were preoccupied and perhaps were fas-
cinated was the vital involuntary motions of muscles extracted from the
body after death, particularly those of the amphibious or poikilothermic
animals of vigorous nature such as frogs, vipers, eels, tortoises, and liz-
ards. In particular, the muscles of the hearts, the most irritable muscu-
lar parts of the body, displayed the alternate contractions for some time
after they were taken out of the body. Whytt provided copious instances
of this weird fact: the heart of an eel, divided in two parts, continued
its vibrations over 20 minutes; the hearts of vipers also continued their
alternative motions for several hours after being severed from the body;
the hearts of the chick taken out of the shell beat an hour after its head
was cut off; the hearts of a decapitated young pigeon began to contract
when stimulated by a few drops of Whytt’s saliva, and many others.'"”
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Obviously, irritable motions continue even after death, as Haller at one
place admitted, “Irritability continues after death.”!® Does this overstep
the criteria that vitalists set for differentiating the nature of elasticity from
that of irritability? According to the criteria, vibratory (elastic) motions
observed after death should be relegated to the realm of the inanimate
matter of “death,” but the enigmatic involuntary motions after death,
which clearly show “signs of life,”!* contradict the criterion predicated
upon the polarity of life and death. Vitalists found signs of life, the testi-
mony to vital properties that they wanted to advocate, in the zombie-like
involuntary motions manifested in the extracted muscle. The involuntary
motions after death thus deconstruct the binary principle of life and death
as well as the seemingly irreconcilable pair of irritability /sensibility and
elasticity. In considering the similarity and continuity of elasticity and vital
properties, it is also interesting to note here that the body part that vitalists
were quite amazed to observe possessing signs of life was nothing other
than the muscular heart, the motions of which had led the iatromechanists
to find the prototype of elasticity—it is as if the separated hearts haunted
the mind of vitalists.'?

4.3 Ambiguity of Elasticity and the Dilemma of the Nerves

There are some vitalists who even further transgress their own criteria on
the vital principle and come to virtually negate the distinction between
the supposedly mechanical force of elasticity and the vital property of
irritability. Haller himself increasingly found it untenable to sustain the
distinction. As Steinke argued, all three forces of the muscles—elasticity,
irritability, and vés nervosn—appear to produce the same effect of con-
traction. Haller described elasticity as a “kind of dead irritability” and
suggested that irritability might be a “stronger grade of the dead con-
traction”; eventually, he came to regard the three contractile powers as
the same, different only in degree.!?! Andrew Wilson is another medical
figure to find difficulty in making a clear distinction, for he compares
irritability to elasticity, finding only “a seeming difference”: elasticity
and irritability are “precisely analogous...in [their] phenomena.”!?? For
Wilson, all of the animal fibers are in a state of perpetual vibratory motion
to promote the circulation of the blood, independent of the action of the
heart.'?* Wilson equates this oscillatory state of the irritable fibers with
that of tone and elasticity:
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In attenuated subjects of irritability, such as animal fibres, it [irritability]
implies a vibration upon irritating contact back through the whole length of
the fibre.—It implies that the fibre itself is in a state of tension or distension
sufficient to brace it, and preserve it in that constant state of elastic mobility,
which is the characteristic of living animal fibres.—An actual state of irrita-
bility in living animal fibres, implies a constantly influent, active substance,
keeping the fibres tense.!**

Here, the living state of irritability and that of “elastic mobility” are com-
mingled; they are the same in their resultant phenomena produced from
the same active substance such as animal heat or other circumstances of
“the internal agitative...motions” of the vital fluids.!?® If all these causes
cease upon death, the animal fibers lose their elasticity, and therefore also
their irritability. Collignon seems to share a similar view, for he feels little
need to make a distinction among “natural elasticity,” “vis restitutiva,”
and tone that the animal fibers are said to possess. For him, it suffices to
know that the above state of the fibers gives strength and firmness to the
living body.12¢

Why did some iatro-vitalists find it untenable to sustain the distinc-
tion, while medical authorities like Cullen and Monro attempted to set
the limit? The answer would be an epistemological one, for the episte-
mological framework of the fibers tenaciously remains after the theoreti-
cal discourses of medicine shifted the focus to the nervous system: The
epistemology of the fibers infringes on the realm of the nerves. This is
especially because the nerves embrace the dilemma, that is, the nerves are
by definition not solid or tense, while at the same time they are supposed
to be relaxed or braced up just like a tense string. Let me here clarify the
dilemma of the nerves.

Most, if not all, anatomists and physiologists of the later eighteenth
century assumed that the nerves were not tense or solid, since they were
originally composed of the medullary substance of the brain, which was
very pulpy. Not least, they placed a special emphasis on the point that
the nerves could not vibrate in an elastic manner and strongly denied
the elastic property of the nerves. The extreme softness of the medulla
of the brain plainly shows the nerves’ unfitness for performing vibratory
motion.'?” The nerves and the nervous system were, however, supposed
to oscillate in a similar manner of elastic motion in order to communicate
the neural message to and from the brain; or, they were to be in a state
of tone (or perpetual vibratory motion) to maintain life. If unstrung, a
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variety of disorders, especially nervous ones, would be brought forth. The
contradiction of the anatomical nature of the nerves and their functional
aspect would be solved in some way or other. Some medical writers dis-
placed the vibratory function of the solid body with that of the extremely
subtle fluids such as Newtonian aether pervading the universe or the
electric universal fluids, which traveled in a form of tremulous motion
through the pores of the slack nerves!?; others, like Cullen, incorporated
the moving fibers and the vascular system into the integrated system of
nerves so as to supplement the pulpy nature of the nerves with the tonic
power.'? Despite these promising solutions, the unacknowledged indebt-
edness of the nerves to the epistemology of the fibers reveals itself in some
cases.

The description of H. Smith, one of the many nerve doctors of the
late eighteenth century, of the properties of the nerves is a case in point.
Smith identifies the active force of the “nervous fibres” to contract them-
selves as the medium of moving muscles. Smith does not call it irritability
or some other vital property, but implies that this power was the kind of
tone, for it acts even when the fibers seem to be at rest.!*® Surprisingly,
Smith goes on to compare this contractile power to that of a musical
string in a very mechanical manner. The weight is suspended by the musi-
cal string, hanging on the wall, which branches out another string sus-
pending another weight passing over a pulley fixed in the wall; if the
string is cut on some point of the upper part, it immediately contracts.
This shows that the string, before division, exercised its contractile power,
which means that the string is “always in a state of active energy.” Smith
applies this apparently mechanical “active energy” to that of the nervous
fibers of the living body: “This power is the same in the nervous fibres
of the body, which may be seen in a fibre cut transversely; for it contracts
itself towards its fixed points, and thus causes the gaping of all wounds
made in the body.”!3! This way of explaining the contraction of the fibers
in terms of gaping of wounds is familiar to iatromechanists, who explain
the nature of elasticity of the fibers in the very same manner. Although
Smith never mentions elasticity, the vitalistic active energy inherent in
the nerves is here commingled with that of mechanical property of elas-
ticity. Smith’s ambiguous usage of the terms “nervous fibre,” “nerves,”
and “fibres,” which are sometimes interchangeable, may indicate that the
nerves’ vital property is overshadowed by the enduring epistemology of
the fiber.
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A more remarkable case is to be found in David Macbride’s explica-
tion of irritability. In common with all other iatro-vitalists, Macbride sees
the nervous system as part of the living solids that are during life in “a
state of incessant vibration”; however, Macbride strongly denies that the
vibratory motion is that of elastic chords on the ground that the “nervous
chords bear not the least resemblance” to the elastic chords.’®? When he
develops a cogent argument on the critical function of irritability with
which the soul would move muscles, however, Macbride relies on the
analogy of the musical string as in the case of Smith, and virtually equates
irritability to elasticity: “the soul would be no more capable of moving
any particular muscle, or set of muscles, if their fibres in general had not
the property of irritability, than a musician would be capable of bringing
music out of a violin, if its strings were not endowed with the property
of elasticity.”!*®* He then extends this analogy of musical instruments to
all of the animal functions of the living body (“the motions and actions
of living animals may be likened to musical sounds”), and argues that if
the structure of a musical instrument is defective, the music will deviate,
although the musician is supposed to exert his dexterous skills; in the
same way, if the structure of the body is incomplete, the actions of liv-
ing animals will be disordered in spite of the soul’s immaculate power.!3*
Macbride’s overall image of the living body is predicated on that of a
stringed musical instrument, which leads him to unconsciously bring the
mechanical property of elasticity into the living one of irritability. Here,
we should not minimize this analogy as a rhetorical device which is only
derivative from the original intention. Nor is it incidental that both Smith
and Macbride had recourse to the musical strings endued with elastic-
ity for analogy, for the analogy of the stringed musical instrument is the
crucial link that shows the epistemological continuity between the iatro-
mechanists and the iatro-vitalists.'3®

We can detect a fundamental if tense continuity rather than a disrup-
tive break in the shift from mechanism to vitalism. As we have seen above,
what is the sensibility or irritability eagerly pursued by vitalists except a
kind of involuntary motion such as trembling, vibrating, and oscillating,
which iatromechanists would be ready to sanctify as the essential property
of elasticity? And how are these vital properties, internalized by the dark
interior of the living organism, made known except by externalizing such
properties through trembling, non-voluntary motion? Such continuity
will be made even more intelligible in the next chapter.
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5  CONCLUSION

It could be argued from a broader perspective that if we re-evaluate the
eighteenth-century Enlightenment overall in terms of “motion” rather
than of “sensation,” the shift from mechanism to vitalism might be neg-
ligible compared to the more radical transformation of the concept of
motion from a classical idea of voluntary muscular motion to a non-
voluntary, modern version of motion. Jaynes ably concluded that when
the long-standing association of motion (physics) and animated behavior
(life) was severed, the explanation of animate motion resided only in the
“correlation of that motion with a nervous system and the stimuli around
it,” which constituted a “huge” step.'*¢ And yet, before hastily attributing
life to nervous sensibility, we can connect physical motion, even if invisi-
ble, and animated behavior by elastic fibers. Thus, the huge step should be
sought not in the shift from mechanism to vitalism, but in the sea-change
experienced in the idea of motion.

Finally, a brief concluding remark on the issue of the body image
referred to in the introduction of this chapter, which concerns the major
historiographical issue of the Enlightenment overall. It is now a truism
that the Enlightenment is the age of the senses liberated and restored
rather than that of reason. Recent historiography of eighteenth-century
studies, especially that of the medico-cultural field, tells us that in recon-
sidering the features of Enlightenment culture and society in terms of
the senses, the contested themes are “the culture of sensibility” and “the
medico-cultural discourse of the nerve.”!¥ G.S. Rousseau is one of the
pioneering scholars who paid critical attention to the nerve and its relation
to sensibility. He assiduously investigated the origins of sensibility, tracing
it back to a prominent mid-seventeenth-century brain anatomist, Thomas
Willis, whose revolutionary neuro-anatomical research into the brain and
the nervous system triggered the subsequent century’s efflorescence of the
culture of sensibility largely by way of John Locke’s sensationalist psychol-
ogy. Setting aside some thorny issues found in his sweeping analysis of the
medico-cultural discursive formation of the nerve-cum-sensibility para-
digm,'®® I want to raise a rather axiomatic issue concerning the centrality
of the very paradigmatic trinity itself, “the senses (or sensation)—nerves—
sensibility.” The body image of the Enlightenment has been constructed
under the auspices of this trinity of “the senses—nerves—sensibility.”
Our proper reassessment of the elasticity of the animal fiber, however,
would present us with an alternative axis, another paradigmatic trinity of
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“motion—fibers—elasticity.” Contrary to the hegemonic paradigm of the
nerves, which is vitalistic in nature, I would suggest that the latter axis
of motion—fibers—elasticity, which is supposed to be mechanical, in fact
underlies and substantiates the body image of the Enlightenment. Having
observed how iatromechanists envisioned the body, and what specific
model or body image they embraced, we can no longer postulate a naive
assumption that the mechanical body of iatromechanism is just a mechani-
cal machine to be replaced by the living organism of vitalists; being a fiber-
elastic body, it rather foregrounded the subsequent conceptualization of
the body as living. The image of the fiber-elastic body is the means by
which the image of “Mechanical Man” and that of “Sensible Man” are
simultaneously tied and deconstructed.'®
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CHAPTER 4

Continuity and Change: “Fiber Body”
in the Era of Iatro-Vitalism, ¢.1750-1800

1 INTRODUCTION

It is generally assumed that toward the middle of the eighteenth cen-
tury, the theoretical underpinnings of medical science began to shift from
mechanism to vitalism. The body as a hydraulic machine, in which the
blood constantly circulates through the jumble of the vascular system for
the purpose of life, was replaced by the model of the reactive organism or
animated machine, in which the nervous system coordinated with external
stimuli. There seems to be a series of concomitant replacements with this
general shift: the heart to the brain as the center of the organism, the fibers
to the nerves as the critical agent of the organism, elasticity to sensibility
or irritability as the property of the living body, the mechanical principle
to the vital principle, fiber physiopathology to nervous physiopathology.!
There is no doubt that in the second half of the eighteenth century, the
nervous system came to dominate the medical scene in tandem with the
rise of vitalism. Animal economy, the knowledge of health and disease,
increasingly became nervous. Robert Whytt, one of the most influential
nerve doctors of the Edinburgh Medical School, in his popular treatise on
nervous diseases, catches the modish atmosphere of nerves as fashionable
(“physicians have bestowed the character of #ervous on all those disorders
whose nature and causes they were ignorant of”?) and helps to diffuse the
nervous pathology.?
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Admitting that nervous physiology was the dominant and popular the-
ory of physic in that era, medical vitalism ran the full spectrum throughout
Europe, from animistic vitalism, nervous vitalism, mechanical vitalism,
material vitalism to vital materialism, between which further gradations
existed. Moreover, it is often very difficult to distinguish one strand from
another: mechanists or vitalists, animists or vitalists. On the Continent was
a version of Stahlian animistic vitalism—anima, a rational soul governs and
controls the body and its organism—the idea most clearly embraced by
the medical thinkers of the Montpellier Medical School (such as Bordeu
and Barthez), who refurbished Stahlian doctrine with new scientific dis-
coveries of Hallerian sensibility and irritability; the Scottish counterpart of
animistic vitalism was probably Whytt, who distanced himself, however,
from Stahlian animism and advanced a more unified, centralized vision
of organism through the brain—nerves system, in contrast to Bordeu at
Montpellier, who, like Whytt, saw the nervous system as vital to animal
economy but envisioned the living organism as a beehive in which each
bee (each organ) is cooperating with the others (each organ has its specific
principle) to make a whole mass.* Furthermore, Whytt’s animistic vitalism
of nervous physiology was sometimes charged with atheistic materialism as
he was supposed to divide the immaterial soul and expand it to the whole
body.

A geographical difference should be mentioned here; in Scotland and
England, at least up to the last two decades of the eighteenth century,
there seemed to be no discernible materialistic vitalism (or vital material-
ism) in medical thinking—a view that matters or quasi-matters such as
nerves or fibers are endowed with self-moving vital power or property
with which an organism moves, senses, and regenerates itself—comparable
to the medical thinking on the Continent, where some distinct strands
of vital materialists flourished in the line of La Mettrie, Buffon, Diderot,
and Charles Bonnet. This contrast is made more palpable when it comes
to fiber theory; on the Continent, the two prominent fiber-theorists,
Bonnet and Diderot, worked particularly on the fiber body to develop a
material-vitalist version of fiber theory, what Tobias Cheung calls “fibre
oeconomies,” in which the fiber organism directs, regulates, and orga-
nizes itself like an automaton endowed with sensitivity that enables the
fiber-machine to interact with external stimuli.® For Bonnet, the fiber was
an organ or machine that feeds, grows, and vegetates, whereas Diderot
thought of the fiber as a living animal or a worm.® This type of autono-
mous, self-regulating fiber automaton or organism rarely came to the fore



CONTINUITY AND CHANGE: “FIBER BODY” IN THE ERA OF IATRO-VITALISM,... 111

in the British medical scene until the last decade of the century, when
renewed interest in irritability and irritable fibers made the self-regulat-
ing fiber organism emerge for a brief moment. On the whole, English
and especially Scottish medical thinkers (Monro secundus, Whytt, Cullen)
might be labeled as nervous vitalists since they relied on the nervous
system and its sensibility as the functional integration of organism and
succeeded in shifting the center of interest from vascular physiology to
nervous physiology, although in some cases, critical reservations should be
made, as I will explain below.

Drawing a clear map of iatro-vitalism even in the British medical set-
ting becomes more difficult as the century progresses. During the later
eighteenth century, a different strand of vitalism loomed large in England,
a strand most fully embodied by John Hunter, a Scottish-born naturalist
and surgeon who flourished in London with his brother William. Taking
a different step from British nervous vitalists, John Hunter saw life or
the vital principle as superadded to inert matter or any kind of organiza-
tion, however peculiarly it was modified. Evading the nagging question of
whether life is immanent or emergent, Hunter drew his idea of life from
experiments with a wide range of subjects, from plants, lower animals
(eels, snails), and higher animals (dogs, rabbits) to human beings. These
experiments on the conservation of heat against cold temperature showed
that all subjects could preserve a certain degree of heat against extreme
cold while alive; from this fact, Hunter assumed that living subjects had
a certain power to regulate themselves against the vicissitudes of external
circumstances. Crucially, this power was independent of both the blood
circulation and the nervous system, as animals without circulation or the
brain and the nervous system were possessed of the same power. Hunter
saw this power or principle as “vital” or “living” because the subjects pos-
sessed this power as long as they were living, and he thought it superim-
posed to organization as all organisms had this power regardless of their
different modes of organizations.” Hunterian vitalism, a kind of primeval
vital power to resist matter’s dissolution and organism’s putrefaction, not
unlike Bichat’s idea of vitalism and Blumenbach’s idea of “formative prin-
ciple” (misus formativus), gradually gained ground toward the end of the
century.

Thus, medical theories of the latter half of the eighteenth century
enjoyed a wide variety of medical vitalism, and it is almost meaningless to
characterize it under the umbrella of “Enlightenment vitalism” or other
epithets drawing on the uniform features shared by these vitalists.® Here,
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the term iatro-vitalism, loosely defined, only refers to the concerted efforts
by the amalgam of groups (medics) that challenged and discredited the
philosophy or doctrine of iatromechanism, seeing it as insufficient to
explain the phenomena of life. The nuanced differences in each iatro-
vitalist are mentioned in the appropriate place.

Limiting the scope of this study to the British context, however,
we discern two phases of iatro-vitalism. The first phase roughly covers
mid-century to the 1780s, when nervous vitalism dominated the medi-
cal scene, and yet it is here that a new trend of nervous vitalism faced
adamant opponents, the mechanical and vascular physiology, with which
nervous vitalism forced itself to compromise. The second phase concerns
the last two decades of the century (¢.1780-1800), in which the nervous
model remained powerful but new strands of vitalism emerged. Boosted
by the renewed attention to the phenomena of irritability, this new strand
developed during the last decade into what might be called the “Irritable
Fibers” group. Paradoxically, the last fiber group and not the nervous one
dealt the final blow to the fiber model which had endured almost through
the century. In what follows, I shall first treat the first phase of vitalism and
explicate what happened to the fibers and the fiber body, whose presence
and functions dominated the medical world in the first half of the eigh-
teenth century, by surveying the compromising model (between fibers
and nerves) and the enduring vision of the physiology of tone, with special
attention to Cullen’s system, in which the neurocentric view of the body
is deconstructed by fibers, the supplementary element of the nervous sys-
tem. The second section discusses the next phase of vitalism by highlight-
ing the revival of irritability as the vital principle and sounding the impact
of Girtanner’s laws of irritability on the “Irritable vitalists.” This chapter
explores both significant continuity and the change that the fiber body
embodied in the latter half of the eighteenth century.

2 A CoMPROMISING VISION: THE FIBER MEETS
THE NERVE IN THE ERA OF NERVOUS VITALISM, €.1750
TO 178058

2.1  Fibers Confounded in the New Stage

The image and language of the fiber-woven body that had thrived in the
carly eighteenth century continued to provide the general frame for medi-
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cal writers of the second half of the century for spelling out anatomy and
physiology, though the flamboyant rhetoric that earlier writers employed
in depicting the fiber body disappeared from medical texts; instead, the
more neutral language of anatomy took its place. However, the fiber
still constituted the whole body as the fundamental building unit. For
example, Charles Collignon, professor of Anatomy at the University of
Cambridge, commented of the fibers that these “Threads” constituted all
the solids, from the coats of the vessels, the muscles, to the bones,’ while
James Adair, a physician of Bath, in his medical text for popular readers,
described the fiber anatomy in a manner reminiscent of the earlier meta-
phor: “All the So/id parts of our bodies are composed of fibers or threads,
of different sizes and degrees of strength and firmness, curiously interwo-
ven with each other, by transverse threads of a finer texture.”'® The iat-
romechanists’ rhetorical rendition of the fiber-woven body, such as “wrap
up,” “interwoven,” “embroidery,” and “carpet-like,” has here only a faint
echo to be superseded by the more neutral scientific wording.

A new anatomical term entered into the fiber model: the cellular mem-
brane or texture,'! popularized by Albrecht von Haller. Haller takes the
cellular membrane as one of two kinds of fiber (the linear and the cel-
lular) and likened it to a “web” or “net” by which all parts of the body
were joined together!? (“a universal connecting medium” as a later writer
called it),!® because of which the communication within the body could
be sustained.!* Haller’s concept of the cellular membrane was widely cir-
culated in subsequent generations. For instance, Malcolm Flemyng in his
lecture on animal economy conferred great importance on Haller’s “zela
cellusosa” in the structure and function of the living body, for this “mem-
brane, web, or texture,” by uniting together formed cells in such a man-
ner that every cell opened to other cells contiguous to them in a structure
analogous to a “honey-comb,” allowed the cells to freely communicate
with each other all over the body.!® This membrane was found to follow
every bundle of fibers and constituted a great part of the solids, and served
as a “bond of union” by fastening and tying together every part of the
body.!® The omnipresence and contiguous continuity of the cellular sub-
stance throughout the body invokes the principle of continuity that the
iatromechanists had thought the fiber-woven body embodied; they had
imagined the body as fibers successively interwoven like cloth (see Chap.
2). The idea of the cellular membrane might be considered an heir to this
iatromechanical principle of continuity; it is noteworthy that the rhetoric
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of cloth or textile is still found in the new concept (“web” and “texture”)
but is much neutralized.

The dense rhetoric and the baffling classification of the fibers were also
simplified, but the terminological confusion stayed. Early eighteenth-
century iatromechanists posited the fibers as the elementary constituent
of the body, from which more differentiated body parts were supposed to
derive; accordingly, some medical writers divided the fibers into “fleshy,”
“nervous,” “tendinous,” “bony,” “cartilaginous,” or “membranous”
according to the parts they would make.!” The different kinds of fibers had
various degrees of firmness, denseness, elasticity, or sensibility fit to the
specific parts that the fibers entered. While the medical writers in the latter
half of the century equally acknowledged the elementary fiber’s constitu-
tional function, they often limited the fibers to the muscular system, or at
most the muscular and vascular systems: the fibers, if they were narrowly
defined, meant the muscular fibers.!®

If the fiber was reduced to the specific realm, so was the nerve. The old,
crude division of the fiber into the muscular and nervous kinds remained,
but the nerves referred only to the nerves of the nervous system (for
the service of sensation and motion); in other words, the nerves did not
cover the special kind of vessels distinct from the nervous system properly
defined—they were not the vessels for nourishment as the old medics had
thought.' The restriction of the nerves to the property of the nervous
system might reflect the ascendency of nervous vitalism from mid-century
on. Having said that, the confusion on terminology regarding the fibers
and other vessels, especially the nerves, was never wholly resolved. The
expression “the nervous fibers” continued to be used referring to the
nerves, but sometimes it is uncertain why the same authors employed the
expression “the nervous fibers” in one place and “the nerves” in another
unless we assume that they took the nerves as a derivative from the fibers,
which was not always the case. Many medics circumvented the nagging
issue of the strict distinction and seemed to feel liberty to use interchange-
ably both terms, and these terms were occasionally used as equivalent with
the fibers, making the matter more confusing.

The terminological confusion between the fibers and the nerves might
correspond to the equally confounding systems of medical theories after
the mid-century, when the doctrine of iatromechanism was subject to
severe criticism. Finding a smooth and rapid transfer of medical theory
from iatromechanism to vitalism would be misleading, for it ignores the
existence of many kinds of middle grounds where the new regime of ner-
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vous vitalism faced in one way or another the fiber medical theory of the
old regime; consequently, some models of compromise arose within the
medical scene. Richard Mead’s transformation of medical doctrine around
the middle of the century from iatromechanism to vitalism is a case in
point. Mead’s Medical Precepts and Cauntions (1751) clearly signals his
turn to nervous physiology; however, Mead still saw the human body as
a “hydraulic machine,” in which innumerable tubes are adjusted for the
circulation of the fluids, including the subtle elastic fluid. For this “active
principle,” God formed the “two sorts of fibers, the fleshy and nervous” as
the appropriate organs or receptacles. (This corresponds to the simplified
division of the fibers into the muscular and nervous.) Each sort of fiber
is interwoven in the membranes of the body and collected into bundles
for performing motions; without these fibers, the active principle could
never execute its functions.?’ The fiber-based hydraulic body stayed the
course in Mead’s writing as well as in some of the later eighteenth-century
medical discourses. The great impact of the nervous system was rampant
almost everywhere in the medical discourse of the later eighteenth cen-
tury, but the system of the nerves and the brain needs to be negotiated,
compromised with that of the fiber and the heart. Here I shall present two
illustrative cases of such a compromising model, one by James Adair and
the other by David Macbride.

2.2 Adwaiv, Macbride, and Others: Finding the Middle Ground

James M. Adair, an Edinburgh-educated physician, enjoyed a consider-
able reputation for his criticism on fashionable diseases in the last decade
of the century, but before that he had worked on a comprehensive text-
book of medical theory and practice, Commentaries on the Principles and
Practice of Physic (1772), the scope of which covered physiology, pathol-
ogy, semiotics of diseases, and therapeutics in the format of his meticulous
commentaries and lengthy remarks on the proposed principles.?! In this
massive text, Adair tried to graft a new trend of nervous vitalism onto the
iatromechanical footing of fiber physiopathology. Drawing on the vital-
istic physiology of Haller and other medical vitalists such as Gaub, Adair
accepted the vital properties such as irritability and sensibility imparted
to “the living solids,”?? while the property of elasticity was reduced to a
specific power common to both simple (dead) and living solids (“resides in
almost all the solids”)?**; moreover, this power is called “of the Dead Fibre”
because it is independent of nervous influence.?* Making a division along
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the living (nerves) and the dead (fibers) suggests the extended influence of
nervous vitalism on Adair’s medical thought; indeed, he made a clear point
on the importance of nervous sensibility on the organism, claiming that
the nervous influence reached every part of the body?® and that diseases
proceeded from the morbid state of sensibility of the nervous system.?®
Adair’s apparent nervous vitalism, however, met in a critical compromise
with the fiber physiopathology of iatromechanists at many points. First of
all, Adair’s doctrine of animal oeconomy was predicated on the premises
committed to by the earlier iatro-fiber-theorists—life was sustained by the
circulation of animal fluids, which depended on the motion of the heart,
“one grand organ,” and other vessels.?” Like earlier iatromechanists, Adair
likened the motion of the body to that of a watch, which, “like the human
body, is an automaton”?®; in the manner that a watch performs its regular
motion, health consists of the regular, steady motion of the “wheels” and
the “harmony” between the fluids and the solids, whereas diseases derive
from the irregularity of motion, and death comes from the halt of circula-
tion,” a position exactly in accordance with iatromechanism. Curiously,
this mechanical position sits side by side with the position that admits an
important role of sensibility of the nerves.

The mixture of the old and new systems in which Adair seemed to
find no contradiction becomes most discernible in his account of pathol-
ogy. In his explanation of the predisposing causes of diseases, Adair first
addresses the “Diseases of the Simple Fibre,” in which he contends almost
in the same manner as the Boerhaaverian fiber pathologists of the former
age that many diseases proceed from the morbid degrees or states of the
simple fibers, either extreme laxity or rigidity; if the fibers are too flaccid
due to the want of elasticity (as is often the case), general debility results
and many malfunctions of motion are induced.?® Adair goes on to explain
the difference between two similar states of fiber, the lax fiber and the ten-
der, delicate fiber, with the help of the metaphor of musical strings, often
seen in the iatromechanists’ texts: “the lax fibre resembles a musical chord
before it is wound up to its proper pitch, the delicate fibre, on the other
hand, resembles the same wound up beyond its due tone, so that they are
in opposite extremes from the natural state.”®! So far, Adair’s rendition of
“Diseases of Simple Fibre” remains in line with the fiber doctrine of the
earlier iatromechanists. Adair, however, adds to this old regime of fiber
pathology the new nervous regime. In the next section, “Simple Diseases
of the Nerves,” he rather abruptly turns to the discussion of a morbid state
of nervous sensibility as the predisposing cause of diseases. Recognizing
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the power of sensibility for due performance of bodily organs as “absolutely
necessary,” Adair tries to elaborate on the nosological-cum-pathological
account of the diseases of the nerves according to the different states of
sensibility, whether it is increased, depraved, or totally lost (i.e., torpor)
in conjunction with the equally variable degrees of mobility.?> There is no
conscious effort on the part of Adair, however, to link the diseases of the
simple fiber (fiber mechanism) and those of the nerves (nervous vitalism).
Nor does Adair explicitly say anything that suggests the primacy of the
brain and the nervous system or sensibility, nor mention brain energy or
power; he just leaves open the gap laid between the fibers and the nerves.

Adair, however, seems to attempt to find some solution to this predica-
ment when he discusses the motion of the heart. As said before, Adair
assumes that life depends on the proper circulation of the blood and that
the heart and the arteries are the vital organs to sustain due motion; the
muscles of these organs are imbued with contractile power to execute
the circulation. This power proceeds from elasticity of the muscular or
“moving” fibers, which in turn depends on the state of the fibers; hence,
the heart and the arteries are subject to diseases common to the simple
solids or fibers, such as dropsy or cachexy (as in fiber pathology), because
of deficiency in elasticity or strength of the fibers.*® And yet, the fibers’
contractile power to resist and propel the circulating fluids is “assisted by
the nervous power” that “animates the fibres”; consequently, the motion
of the heart and the arteries is sometimes disturbed in one way or another
in accordance with the different degree of nervous sensibility or power—if
nervous sensibility is morbidly acute, it excites the fibers to irregular con-
tractions and leads to spasmodic constriction in the minute vessels and
some disorders result.** This explanation suggests the way in which the
fibers and the nerves are working together to create the circular motion,
though in this case the nerves are given only an assisting role. In fact,
Adair occasionally hints at this cooperation and mutual interaction of the
nerves and the fibers: the nerves are intimately interwoven with the fibers
of each organ into which the nerves enter, and therefore, if the fibers are
lax and flaccid, the “tension” of the nerves is weakened and the impres-
sion on the organs of sense might be less exquisite; on the contrary, if
the fibers are too tense and elastic, the nerves, too, become tense and
more irritable.® It is very difficult to gauge the extent to which Adair’s
nervous vitalism (if we may so call it) plays a part in his medical system;
in one place, the nervous power is said to pervade the entire body, but in
another, this power is critically modified by the state of the fibers, and in
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yet another place the nerves are said to have only a supplementary role in
assisting the fibers’ contractile power. The two systems, the fibers and the
nerves, seem to coexist uncomfortably.

Adair’s staunch allegiance to the iatromechanical idea of the hydrau-
lic body can be found in his lengthy account of “Determination,” which
occupies nearly half of the book. Determination here refers to “impulse,”
“tendency,” and “afflux”3¢ that direct or determine the quantity and the
force of the circulating fluids sent to a specific organ or the whole body;
the proper amount of “determination” in each organ is necessary for main-
taining a due proportion between the solids and the fluids. Adair divides
“determination” into two kinds, the diminished and the increased; in the
case of diminished determination, the solid parts have a greater reactive
power than the contained fluids, while in the case of increased determina-
tion, the power of the fluids is excessive over the reacting solids. Adair
further expands these two kinds of determinations into four subcategories
according to the two kinds of velocity: determination suddenly dimin-
ished, determination suddenly increased, determination slowly dimin-
ished, and determination slowly increased. Adair then arranges the whole
of medical theory based on this classification and meticulously enumerates
“Causes,” “Signs,” and “Effects” of each case, making fastidious com-
ments. For example, in the case of “determination slowly diminished,”
one of its many causes is “Debility of fibres or nerves of particular organs”
and one sign refers to “General waste of flesh and strength”; one effect of
this is “Various degrees of debility of the nervous system and consequent
diseases.”?” Although the nervous system is involved in this doctrine of
“Determination,” the significance attached to it is hardly felt. Everything
might be determined by the different modes within the cavities or orifices
of the solid vessels as they are suddenly or slowly diminished or enlarged
by the variable force, and the solids or the fluids lose their resisting power
to the solids or the fluids, which might cause the morbid state of circular
motion.* For Adair, the body is imagined as hydraulic and constituted by
innumerable hollow tubular cavities, the fibers of which are endowed with
contractile power (even the muscles, properly so called, are “tubular”).?”
Consequently, Adair’s theory of determination, however complicated it
becomes and even if it contains nervous vitalism, does not exceed the
general framework of iatromechanism, in which the fiber-solids and the
fluids are in a dynamic state of mutual interaction. It is to be noted that
the notion of determination is very close to that of elasticity, tone, or ten-
sion of iatromechanism; for Adair, health depends on the due balance or
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proportion between the contents (the fluids) and the resisting force of
the cavities (the solids) and “determination” determines this balance—this
idea resembles the iatromechanists’ idea of animal oeconomy that equally
depends on the reciprocal relation between the solids and the fluids. Thus,
Adair’s effort to graft nervous vitalism (or the important role of the ner-
vous system) onto the grand regime of iatromechanism hardly achieves
success. It suggests that the mechanical system is still a powerful opponent
for newly fledged medics to cope with more than two decades after vital-
ism set the medical scene.

Macbride’s compromising model seems to be more successful than that
of Adair. David Macbride spelled out equally voluminous work on medi-
cal theory, well over 660 pages published in 1772. Macbride starts with a
general view of the solids, dividing them into three systems—the vascular,
nervous, and cellular systems. The first two systems comprise the living
solids and the last one the simple (or “inert” in Macbride parlance) solids,
equivalent to the Hallerian cellular membrane.*® Macbride extends the
living solids, which are usually allotted only to the “nervous filaments,” to
the vascular system.*! As the epithet “living” suggests, animal life depends
largely on these two living systems; however, the inert fiber-solids, by which
the nervous and vascular systems are bound together throughout the body
even into the level of the minute vessels, are given some importance in
maintaining life due to its very inert nature. For, if all solids are “living”
and endued with some living properties such as feeling or irritation, the
animal body would be easily subject to disorder with a slight touch given
by a morbific agent, which if contained within the cellular system would
bring no disruption.*?> Furthermore, the cellular system would impede the
regular circulation of the fluids necessary for health; for instance, the great
degree of rigidity acquired by the vessels of the cellular system makes the
cavities of the system clog up (the lymph or the oil are supposed to run
or stay within it), which causes the living solids adjoining it irritation (or
the fibers are even “melted down”), and many diseases would rise from an
application of the stimuli.*® This idea of the pathology of the cellular inert
solids is similar to Adair’s theory of “Diseases of the Simple Fibre” and
might be regarded as a descendant of the Boerhaaverian fiber pathology.

For Macbride, however, health would be maintained and perfected by
the functions of the two “living” systems, the nervous and the vascular,
rather than the “inert” solids. Like Adair, Macbride sees the essence of life
as free and regular circulation of the animal fluids throughout the living
body (“throughout every part of the vascular and nervous systems”).**
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Here, the nervous system functions in the same way as the vascular system:
both systems have their peculiar fluids—the blood and its derivative juices
from the heart, the nervous fluid from the brain—to be distributed to
every “minute filament.”* If this free circulation or the motion of the
living systems (solids) is somehow disturbed, many diseases follow. Again,
like Adair, this doctrine seems to be almost at one with the circular physi-
ology of the older generations; however, Macbride makes clear what Adair
left equivocal, a significant contribution of the nervous system to animal
economy. Explaining the main causes of the general 15 morbid states,
such as “Sickness,” “Pain,” “Inability to sleep,” and “Spasm,” which pre-
dispose the body to participate in producing diseases, Macbride points
out that almost every case involves a certain change in the nervous system
which fails to conform to any hydraulic laws.*¢

Macbride clearly recognizes the vital role of the nerves for animal econ-
omy to be worked together with the vascular system (and sometimes the
cellular system). Even in fevers, of which the vascular system is gener-
ally assumed to be the main cause, the nervous affection contributes to
the morbid process. Fevers appear to proceed from the morbid increased
motion from the center of the vascular system; the increased heat and
the quickness of the pulse evince the intensity of motion on the part of
the vascular system, but “spasmodic constriction” also participates in the
morbid state as heat increases by the conjunctive effects of the quickness
of motion of the blood and the morbid degree of stricture of the vessels.
As the latter condition is proved not to derive from viscidity of the blood
and the spasmodic nature of this condition is “arising from an affection
of the nerves,” it follows that the nervous system also contributes to the
morbid process of fevers, which Macbride concludes “consist in the disor-
der of both systems,” the vascular and the nervous.*” Macbride, like Adair,
attempts to compromise the two systems old and new, finding the middle
ground.

The compromising vision that newly fledged medical theorists had to
adopt as they faced the transformation of the regime of the fiber-based
iatromechanism to the emergent nervous vitalism usually takes the form
of the amalgam of the two or three systems (the cellular, the nervous, the
vascular, and/or the muscular systems) and the equal number of theories
(iatromechanism and iatro-vitalism or nervous vitalism) along with the
concomitant ideas of the body (the hydraulic machine, the nervous sensi-
tive organism, or the irritable body), combined with the larger division of
the simple (inert) and the living solids. Accordingly, the resultant combi-
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nation of these factors is much varied depending on the nuanced position
of each theorist, which would resist a clear-cut appellation. This compro-
mising system also complicates the concept and the function of the fiber.
Fibers are sometimes to be classified as inert or simple solids (often identi-
fied with the cellular system or texture) and are sometimes included in the
living solids (often but not always equivalent to the vascular and or muscu-
lar systems); fibers, taken in the narrower sense, are usually associated with
the mechanical “dead” property (elasticity), but are often associated with
life in the form of the muscular (often called “moving”) fibers. In both
forms, the fibers contribute to morbid processes of diseases, from the lax-
ity or the rigidity of the fibers (as in the form of the diseases of the simple
solids) or from the affection of the moving (muscular or vascular) fibers
(as in the form of the affections of the living solids); furthermore, these
processes are assisted by, or work with, the nervous system. To complicate
the picture, the fibers are, as the constituent unit of the body, differenti-
ated into the nerves (as the expression “the nervous fibers” suggests); so,
the fibers, taken broadly, touch on all three systems.

In this inextricably nebulous situation, it is impossible or even mean-
ingless to either establish an overall picture or arrive at a general assump-
tion. Reorganizing the situation around the larger distinction between
the fibers and the nerves, the heart and the brain, the muscular and vas-
cular systems, and the nervous system, iatromechanism, and iatro-vitalism
would be only a heuristic help (it should be emphasized that these lines
are extremely precarious, as we have seen above); however, through the
heuristic lens we might gauge the position of each medical writer accord-
ing to their differing degrees of commitment to either fibers or nerves, the
heart or the brain. Whytt and his followers are the ultra-nervous vitalists
who commit themselves to the brain—nerves doctrine, but many other
medics (especially those of the 1750s to 1770s), like Adair and Macbride,
found themselves in the middle ground, often recognizing the necessary
cooperation of the two. For instance, Andrew Wilson, a natural philoso-
pher, making a forthright criticism against heart-based mechanical motion
(“the heart is not the fountain or origin of the motion”),*® secks a non-
mechanical agent for motion in the brain, the source of the vital principle,
or “a motive power,”* through which “universal vitality” is disseminated
or “irradiated” throughout the body.?® Wilson is, however, not the ultra-
nervous vitalist Whytt is, for his nervous vitalism is critically qualified or
compromised by the other side of the camp. Wilson’s nervous vitalism is
predicated on the core principle of circular physiology in that the brain
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produces the “real glandular secretion”!: “the constant flux of this vital
principle from the head to every point of our frame, must be considered
as essential to the perpetuation of the circulation in the heart, as the secre-
tions of other glands are to the maintenance of the circulation in them.”*?
Moreover, in a similar manner as Baglivi, a fiber mechanist of the old
regime, Wilson acknowledges the brain’s alternate pulsations correspond-
ing to those of the heart.”® Admitting the pulsative actions both in the
heart and in the brain as requisite to life, as well as the heart’s immediate
connection with the brain and the nervous system, “the secretaries of life,”
Wilson compares the functions of the brain and the heart in the human
frame (microcosm) to those of the sun and the moon upon the earth
(macrocosm) in an illuminating passage:

The sun pervades all nature, and hence his influences in its most intri-
cate recesses....while the moon by a special regulation and flexion of his
influences, disposes that great mass of fluids...the immediate organ of his
energy...into these tides and reciprocations of ebbing and flowing.... Just so
in the microcosm, the brain, by the mediation and irradiation of its nerves,
penetrates and animates every point of our frame...; while the heart, by its
reiterated impressions and shock on both the solids and fluids...gives an
additional vigour to the animation and dispositions of the whole and causes
these perpetual collisions which irritate and invigorate the living frame.>*

Wilson seems to successfully merge the old (the fibers and the heart) with
the new (the nerves and the brain) and provides a most exemplary case of
the compromising model.

Wilson’s view of the living body as imbued with pulsations initiated by
both the mechanical and the vital agencies suggests that at a deeper level
Wilson agrees to the vibration—tone—tension model of the fiber body that
we observed in the last chapter. Indeed, Wilson insists on the “perpetual
motion” and “oscillations” of “the animal fibers everywhere” while the
body is alive.’® The next section discusses this aspect of the continuing
vision of the fiber body.

2.3 The Physiology of Tone

The iatromechanists of the first half of the eighteenth century saw life
and health as depending on the due circulation of the blood, which was
principally regulated by “tone” or “elasticity” of the animal fibers. In this
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framework of circular physiology, animal economy was thought to rely on
the tonic motion of the animal fibers of the living body, which is always in
a state of vibration or tension.

It is striking that this general framework of the physiology of tone or
vibration endured after the vitalistic nervous physiology gained ground.
Most medical practitioners of the latter half of the century recurrently
refer to the state of the tone of the living solids as the basis of physiol-
ogy, with the slight differences that the nervous system takes the place
of the fiber-solids, and some vital properties, variously called sensibility,
irritability, excitability, sentient or vital principle, and nervous or animal
power, are referred to in place of elasticity. As one writer says, if the tone
of the solids, which means a “certain degree of strength and resistance,”
is altered, many varieties of diseases will be brought up.®® In a similar vein,
many nerve doctors count on the state of the tone of the living solids:
Henry Neale, one such physician, says that perfect health relies on the
due tone of the nerves; another nerve doctor, William Smith, conveys the
similar idea that nervous diseases are brought about by relaxation of the
nerves.”” The cause of the lax state of nerves or undue tone of the solids
is the want of nervous or other vital energies. For instance, in his essay on
chronic diseases, Thomas Withers accounts for the ways in which chronic
illness such as a nervous complaint is produced within the general frame-
work of physiopathology of tone. In particular, Withers denounces the
ways of high living as pathology: the want of sleep from unnatural conver-
sion of night into day “destroys the tone of the nervous system”; great
heat from the fashionable hot rooms with large fires and stoves “relaxes
and enervates the animal fibres,” while indolence and intemperance would
injure the “tone of the nervous system and vascular system.”®8

Most therapeutic practices, therefore, are conducted to restore the
unstrung animal system and its sensibility to its due tone by stimulating
the living solids with the gentle vibratory motions; these include riding,
sailing, dancing, music, or electrical shocks.®” The medicinal use of elec-
tricity, increasingly popular toward the latter part of the century, is a case
in point. Invested with extraordinary properties supposedly responsible
for many natural and vital phenomena, including earthquakes and mete-
ors, electricity was considered to have a surprisingly wonderful curative
virtue, and many medical practitioners exploited it in their medical prac-
tices. The theoretical principle of electric therapy worked thus: a vibra-
tory stream of electrical fluids passed over the languid nerve fibers could
invigorate the unstrung nervous system or the obstructed vascular system
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by gently stimulating the whole system and restoring its sensibility to a
due tone.® Finding that humidity from damp and hazy weather deprives
the human body of a certain amount of electricity that is supposed to be
lodged in the body, Adam Walker, a popular natural philosopher, contends
that “an electrical shock” would give “tone to a flaccid fiber” and the
nerves would restore their lost “tension and elasticity.”®! The electrical
shock, however, should be soft and gentle, for a strong and violent shock
would give a disagreeable feeling to the patient and have no salutary effect
on illness. Francis Lowndess, one of many medical electricians, explained
of his employment of a gentle mode of electric fluid that the point of the
“gentle” devices was to “rouse and invigorate the whole system” by the
gentle yet powerful shock of “Electric Vibrations.”%? This gentle shock
employed by Lowndess was not much different from “General Motion,”
a mimetic vibration produced by exercise such as riding, advocated by
Fuller—George Adams, a distinguished natural philosopher, explicitly says
that it serves as “an artificial means of exercise”®—or it resembles the
corresponding “Concussion,” produced by the least stroke of a musical
instrument, promoted by Quincy.%*

The framework of circular physiology also remains almost the same: vital
fluids, whether of the animal, nervous, medullary, or electrical kind, must
flow through the minute canals or the clandestine meanders, or sometimes
along the solid (or porous) tubes in the form of tremulous motions, in
order to nourish and invigorate the body or to transmit neural informa-
tion. If the due course of the flow is interrupted by some obstruction, the
nervous energy (or vital power) necessary to maintain the vigorous tone of
the animal solids fails to pervade the body, paving the way for many kinds
of physiological dysfunctions. Moreover, the body, nervous or fibrous, is
still seen as vascular; there is no point of the human body that is not vascu-
lar, and the smallest vessels made up of simple fibers are nourished by the
finest fluids.®® For example, John Brown, the founder of the Brunonian
system, endorsed the same view of the circular physiology of tone. Brown
sees the mechanism of circulation as the interaction of the moving fibers
and the blood, which is predicated on the principle of tone. According to
Brown, the muscular fibers of the vessels are distended by the mechanical
pressure or energy of the blood, which stimulates the “excitability” of the
fibers, producing “irritability” to make the fibers contract; the “contrac-
tion of each portion [of the fibers] sends the wave onward to another por-
tion,” then the fibers relax to make way for the next. Circulation goes on
in this fashion of alternate contraction and relaxation while life remains.
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The “active state of the living fibres” of the vessels to resist with “vital
energy” is precisely designated by Brown as “tone.”%

These various strands of the physiology of tone or vibration in the dif-
ferent medical practitioners of the latter half of the century suggest the
fundamental continuity of the classical theory of fiber pathology by iatro-
mechanists in the new era of iatro-vitalism. Even Whytt, an ultra-vitalist
with a quasi-animistic mind, shares the same idea with iatromechanists
regarding the vibratory motion of the vessels. The whole vascular system,
including the invisible smallest vessels, must perpetually vibrate every-
where in the body for the purpose of supporting the propulsive force of
the heart and larger arteries. As the smaller vessels have the same muscular
fibers and coats as the larger ones, which are endowed with the proper
muscular contraction involving “moving power” in addition to elasticity,
the blood gently stimulates these smaller vessels into “vibratory contrac-
tions,” which causes the circulation of the fluids.®”

The major difference, if any, in the physiology of tone between the two
viewpoints is that the tone referred to by vitalistic medics came to be dis-
sociated from the mechanical notion of elasticity, which had formerly been
equivalent to tone or tension. The property of elasticity is reduced to the
purely mechanical, identifiable with deadness, by the iatro-vitalistic writ-
ers. The whole animal body to the utmost interiority is found to vibrate
or oscillate in the form of tonic motion; the principal driving force of
this perpetual motion, however, is not elasticity, which shares only the
part of it, but rather the “moving power”® of the vital kind (nervous or
animal power, brain or nervous energy, vital or sentient principle), which
is infused with the soul or the mind. Therefore, tonic motion, which had
earlier been confused or identified with the notion of elasticity by iatro-
mechanists, now was mingled with vital properties such as irritability or
sensibility.

So far, I have observed that the medical theory of the second half of
the eighteenth century is not dominated by nervous vitalism and that
many vitalism-oriented medical writers had to cope with the strong pres-
ence of iatromechanism; it suggests that the medical scene of mid- to late
eighteenth-century Britain cannot be characterized as a successive transi-
tion from mechanical medicine (usually associated with the Boerhaaverian
system) to nervous vitalism (often identified with the Scottish nervous
school). But, what about William Cullen, the foremost authority of medi-
cine in the British Isle during the second half of the century, whose ner-
vous doctrine swept across the Atlantic? Next, I examine Cullen’s medical
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system in order to exhibit that a body of knowledge of Cullen’s nervous
vitalism is also a product of a compromise with the iatromechanical fiber
body.

2.4 Cullen’s View of the Nevvous System

William Cullen, professor of Medicine at Edinburgh University, was
undoubtedly the most influential medical teacher of the era in the English-
speaking world. Cullen’s teaching of nervous physiology—wherein life and
death depend on the function of the nervous system, especially that of the
brain—became the hallmark of the Edinburgh Medical School, where the
role of the nervous system had been given critical emphasis, especially by
Alexander Monro secundus and Robert Whytt.®” Cullen differs from both
Monro and Whytt in the very idea of the nervous system, for he conceives
the nervous system as consisting not only of nerves and the brain, but also
of muscular or moving fibers (Cullen uses them interchangeably) as the
supplementary element. Moreover, nerves and muscular fibers are indis-
tinguishably connected to compose a single functional unit—an archaic
idea dating back to the age of Galen, when tendons, sinews, and nerves
were ill defined.”® Thus, Cullen’s idea of the nervous system—the basis of
his “nervous doctrine”—contains from the start the moving or muscular
fibers as an indivisible unit constituting a neuromuscular physiology.”*

Although the moving fibers are included in the nervous system as if
they were subordinate, they assume a crucial function for animal life. To
put it crudely, without the moving fibers, the animal body would become
inanimate and devoid of life; where there are no muscular fibers, there
are no actions at all, and where there is no action, there are no animal
functions at all. As Cullen puts it, “There is hardly any sort of motion,
connected with the exercise of the functions, which is not performed by
muscles, or muscular fibres.””> The muscular system or the moving fibers
are far from peripheral to the nervous system and the animal economy;
rather, they are “the most remarkable organs” and are fundamental in
animal economy.”?

Cullen’s idea of the indivisible neuromuscular system corresponds to
the equally indivisible system of the neuromuscular physiology of tone,
or more precisely, of the neuromuscular-vascular physiology of tone. For
Cullen conferred on the blood-vessels a greater significance in animal
economy than usually supposed; above all, they furnish the additional
tonic power to the nerve fibers. Cullen explains that when the neural
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impression is transmitted to the brain from the sentient extremities, the
motion excited in the nervous fibers must be vibratory; therefore, a cer-
tain degree of tension is required to sustain its vibratory motion. Now,
since we know that an uncommon number of blood-vessels are inter-
woven into the nervous fibers and also that “every artery is in a state
of tension,” it is obvious that the blood-vessels determine the degree of
tension.” Furthermore, the muscular fibers, themselves, already charged
with “Tonic Power,” also require an additional supply of tension from the
blood-vessels which everywhere accompany the muscular fibers for the
purpose of muscular action.”

Cullen’s nervous physiology is overshadowed by tensional physiology:
Cullen’s view of the body as tremulous, oscillatory, and tensional is to be
found in the section “Tension and Laxity” of his early Clinical Lectures
(1765, 1766).7¢ Here, Cullen argues that the body needs a certain degree
of tension of the muscular and “sanguiserous” systems (i.e., of the blood-
vessels) to preserve health. The animal system of the living body con-
sists of “a tremulous oscillatory mass of matter,” because of which the
oscillatory motion of other bodies is immediately communicated to any
parts of the vibratory organs of the body.”” Cullen cites a very interest-
ing case of a nephew of Dr. Boerhaave, who lost his hearing capacity but
acquired a supplementary organ of hearing in every part of his body. He
thus perceived the oscillatory motion as distinct words voiced by a per-
son by means of his hand placed on a person’s shoulder, which served as
a hearing organ.”® Cullen defines these oscillatory motions as mechani-
cal, and further argues that in addition to this mechanical tension, which
is mainly sustained by the stretching force of the muscular system and
the distending force of the “sanguiserous” system, there is a “contract-
ing power” residing in the animal fibers which he calls “the tonic power
of the fibres.””” The degree of tension of the animal fibers depends on
this state of the tonic power. Hence, animal economy is supposed to vary
according to these tonal (or tensional) modifications.?’ Cullen assumes
that the inherent power of tonic motion or irritability of the moving
fibers largely depends on the energy of the brain or “animal power” that
is supposed to be the fundamental power.3! The degree of animal power,
however, depends on the state of the medullary fibers and the tension
of the blood-vessels.®? For example, in the description of the mechanism
of “syncope” or fainting, Cullen singles out brain energy as one of the
remote causes; if this power diminishes, a force conducted to the moving
fibers of the heart from the brain also weakens, which may occasion an
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episode of syncope. The degree of brain energy, however, depends on “a
certain fullness and tension of the blood-vessels”; if the blood is evacu-
ated in a certain amount, tension of the blood-vessels also diminishes,
and thereby lessens the amount of energy delivered to the heart, causing
syncope.?® The argument is, therefore, a kind of circular one, starting with
animal power, which infuses its force into muscular or nervous fibers for
their actions, but which depends on the tension of the blood-vessels that
accompany the nervous and muscular fibers to maintain tonic motion.3*
Thus, in Cullen’s system, the brain—nervous physiology is further decon-
structed by the peripheral vascular system, which is endued with tension.
Strength of the mind and vigor of the body are required in Cullen’s
system for conducting a healthy and virtuous life®®; indeed, the vigor of
the moving fibers, the inherent power to contract (“contractility”), or
the tone of the moving fibers, is the palpable sign of life.® Without this
sign of the vigorous actions of the moving fibers, a living organism would
be judged dead. Moreover, the whole of animal fibers, simple fibers and
especially moving fibers, are always under a state of tension®”; without this
tonic motion that determines the oscillatory motions of the sentient and
muscular extremities necessary for animal functions, the living organism
would cease to live. Despite a promising relevancy of the nerves in Cullen’s
nervous physiology, a closer look at his works reveals that the nerves are
a mere placeholder in the body at the service of the moving and vascular
fibers.3® As for other nervous vitalists of the era, tone, along with the mov-
ing fibers, maintains a powerful presence in Cullen’s nervous physiology.

3 IRRITABLE FIBERS: IRRITABILITY REINVENTED
AND THE RISE OF THE NEW VITALISM, €.1780-1800

3.1 Irvitability Reinvented and the New Vital Principle

Toward the last two decades of the eighteenth century, the concept of
irritability, first proposed by Haller as the property inherent in the muscu-
lar fibers, was rediscovered and reinvented by some new medical writers
of the vitalist bent as a kind of primeval vital principle distinct from other
similar vital powers. Boosted by John Hunter’s new idea of life, wherein
life was thought to be independent of any forms of organization, the new
idea of irritability introduced by these medics was construed as life itself
rather than the vital properties (such as sensibility, irritability, the sentient
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principle, nervous power, or energy). As life itself, the newly invented irri-
tability was supposed by these writers to be totally severed from orga-
nization, but the close association with the muscular fibers led many to
maintain the material connection with the fibers. This new group, which
might loosely be called the “Irritable Fibers” school, became a strong
opponent of the school of nervous vitalism of the previous decade.

The medical history on the concepts of Hallerian sensibility and irri-
tability is too complicated to describe in a few paragraphs, as Steinke
fully demonstrates in his majestic work on this topic.®® In the context of
the British Isle, we can safely say that Whytt’s idea of nervous sensibility
against muscular irritability wielded considerable influence on the medical
world at least through the 1770s. In his famous controversy with Haller,
Whytt stressed again and again the preeminence of the property of ner-
vous sensibility over that of muscular irritability. Whytt reduced irritability
to a general property of sensibility, while irritability always assumed or
implied feeling or sensibility; the sentient principle (which is equivalent
to the soul for Whytt) unconsciously sensed or perceived the irritation or
unecasy feelings and reacted accordingly.”® Against Haller’s assertion that
if the communication of the nerves to the brain, where the sentient prin-
ciple (soul) resides, is cut off by decollation, as in the case of the severed
heart from the body, the nerves could not enable the muscular fibers to
contract, Whytt made a counterargument that the soul would not depart
from the body immediately after death, leaving some remnant energy in
the nerves to act on the muscles, with a dangerous implication of the
immaterial soul’s divisibility and extension to all the body parts—an opin-
ion Haller would never accept.®! Some medical practitioners of the era
endorsed Whytt’s position. Thomas Kirkland, one such follower, espoused
Whytt’s conjecture of the soul’s extension with the anatomical evidence
that the medullary substance of the brain and the nerves was the true seat
and conductor of sensation, and therefore this mucus or gluey substance
could be taken as the “expanded brain”; in so doing, Kirkland concluded
that irritability depended wholly on sensibility, as the irritable parts, iden-
tifiable with the expanded brain, were extended to the extremities of every
part of the body.”> Many medical writers wanted to avoid the dangerous
position implicated in Whytt’s idea of the extended soul and usually con-
fined themselves to opine that both properties depended on the brain and
the nervous system, or used them interchangeably with a strong implica-
tion of nervous priority.”®
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In the 1770s, when Whytt’s influence was still powerfully felt, a new
direction seemed to be introduced by the nervous theorists themselves to
modify Whytt’s monistic view of the organism as directed, controlled by
the brain—nerves nexus. Partly endorsing and partly qualifying Whytt’s
idea of the nervous sensitive body, the body somehow spiritually central-
ized, they promulgated the new uses and functions of “the ganglions of
the nerves,” which they supposed were worked as the instrument of invol-
untary motion and as the checker to the power of volition.”* Crucially, the
ganglions were regarded as “little brains” to receive and disperse nervous
energy throughout the body, because of which the vital energy would be
communicated to the extremities even if the brain were cut off.® In this
“new nervous organization,” the soul was no longer the lone director of
the body, as the ganglions “limit[ed] the exercise of the Soul’s authority
in the animal oeconomy.”® Whytt’s centralized brain—nervous system was
critically de-centered by the ganglions.

Apart from but probably interconnected with this modification to
brain—nerves’ autarchy, some medical writers from the 1780s pit them-
selves against nervous vitalism, drawing on the newly interpreted concept
of Hallerian irritability as the first vital principle, often associated with
Hunter’s vital principle. One of the earliest examples can be seen in John
Leake’s medical treatise on women.?” Leake, a prominent physician on
female diseases, assumes three bodily powers constituting the principle
of life: the brain and the nervous system for sensation, the heart and the
arteries for circulation, and the stomach and the bowels for aliment and
nutrition—these powers assist each other just like the “movement of a
clock”; if these powers are out of order, the vital function is also dis-
ordered.”® Surprisingly, Leake adds to these three powers another vital
power, “Irritability,” as “a more latent principle of life,” which does not
depend on any of these powers since it continues to exist after all sensa-
tion, circulation, or any vital functions cease.”” Leake boldly asserts that
irritability is even independent of the soul, as it continues to exert power
after the brain, the seat of “that spiritual something,” is totally destroyed,
as in the case of the irritable heart of the decollated animals.'® Contrary
to Whytt, who saw some residue of the sentient principle in the dying
body, Leake finds the irritable principle as the last to take leave of the
body.!! To restore the apparent dead person, Leake proposes to give some
powerful stimuli to the irritable parts only, as the nervous parts are all
devoid of feeling by death; only irritability enables “the wheel of life” to
turn again.!® From these facts, Leake concludes that irritability is “#he first
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vital principle” to commence life itself.!*® Leake’s statement of irritability
as “the property of the animal fibre” which contracts itself if stimulated
betrays his indebtedness to Haller’s concept of irritability, but Leake goes
beyond Haller, who did not postulate irritability as the first principle of
life as Leake does.

While Leake did not refer to Hunter’s idea of the vital principle, John
Hunter’s influence on the newly invented concept of irritability becomes
more discernible in the 1780s. Gilbert Blane’s Croonian lecture on mus-
cular motion expounds upon some of the significant aspects of the new
idea of irritability. Blane in this lecture establishes a kind of pathology
of irritability. He argues that the internal organs for involuntary motions
(secretion, nutrition absorption, and circulation) hold a natural degree
of irritability to execute their office (to expel, absorb, or circulate) in
accordance with the stimulus applied to them, so health depends to a
great degree on the natural state of irritability of the muscular fibers.!%*
Interestingly, Blane repeatedly calls this irritability “perception,” in anal-
ogy with sense perception; each organ of motion has its peculiar percep-
tion (irritability) to perform its natural function in consequence of the
stimulus in the same manner as the sense organ has its peculiar sensibility
to receive and convey specific ideas or sensations corresponding to the
external impressions.!®® Endowing irritability with the perceptive faculty
necessarily recalls Glisson,'% but Blane skips over Glisson’s name where
he should mention it and boldly links this irritability to John Hunter’s
vitalism. Blane endorses the position that irritable vitality does not depend
on the nervous system on the ground that animals even without the brain
or the nervous system can exist. Blane here seems to deliberately conflate
Hallerian irritability with Hunterian vitality, situating them on the geneal-
ogy of irritability (that opinion was “first observed by Haller, and has been
confirmed by Mr. Hunter”).1?” Blane further argues for the independence
of irritability from nervous influence by associating it with Hunter’s idea
of “powers of simple life,” a life force to assimilate aliment and preserve
animal body from dissolution and putrefaction, which is a “proof of vital-
ity being independent of nervous power.”'® From this fact, Blane even
asserts that the influence of the nervous system impedes simple life, for an
organism of simple life would survive longer if it is killed by destroying the
nervous system than killed by suffocation or any other means.!?

The Hunterian idea of vitality against the organism’s dissolution finds
its echo in some fields of medicine of the era and sometimes even in the
theory of nervous vitalism. John Gardiner is surely one such nervous
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vitalist. Like his friend Alexander Monro secundus, he conceives the brain
as “the chief seat of the living principle,” from which the energy of the
brain is conveyed through the nerves.!'? Gardiner defines, however, the
living principle as the “cause of the preservation of the body from dissolu-
tion,” a very Hunterian definition,' and argues that this vital principle
requires another energy besides the brain energy. Reminiscent of Hunter’s
experiment on heat, Gardiner contends that the power of the living princi-
ple is supported by “heat” since the organism has a resisting power to cold
and life extinguishes upon abatement of heat. Thus, he draws a conclusion
that “a certain degree of heat must coeval with the living principle.”!1?
This might be called a compromising or mixed model of nervous vitalism
with Hunterian vitalism.

Francis Milman’s treatise on scurvy is another example indicating the
extent to which Hunter’s vital principle exerts its influence, although he
does not explicitly mention Hunter. Against the dominant view that scurvy
was a disease of the putrid fluids, Milman seeks for the pathology of scurvy
in the dissolution of the solids. In order to explain the mechanism of the
morbid changes of the solids, Milman turns to the properties of muscular
fibers; like most physiologists, Milman supposes that the property of the
muscular fiber consists in its contractility by stimuli, and like new vitalists
of the irritability school, he confounds it with the primeval vital principle,
“the vital power,” since it begins with life as such.!'® The power of con-
tractility inherent in the muscular fibers is identifiable with Hallerian irri-
tability as Milman refers to Haller’s definition of irritability as “vis insita
musculi,” but like other new vitalists, he transgresses Haller’s strict under-
standing and expands its meaning to register the primeval vitality.''* What
is crucial for the pathology of scurvy is that the morbid changes of solid-
fibers proceed from the diminution of this vital power. Relying on the
principle propagated by Fontana, an Italian physiologist, that the destruc-
tion of the vital power leads the muscular fibers to putrefaction, Milman
applies the same rule to the pathological process of scurvy.!'®> He finds that
the general symptoms of scurvy such as sluggishness, torpor, and lassitude
are different from the usual form of fatigue (e.g., the scorbutic symptoms
come on slowly and increase over days and weeks), and that the feeble
state of the scorbutic is unchanged even after strong stimuli are applied;
from these facts, Milman infers that there must be other sufficient cause
to deprive the muscular fibers of the contractile power and weaken the
fiber-solids, which ultimately putrefies the animal body—the diminution
or destruction of the vital power.!® Milman concludes that scurvy is not a
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disease of the fluids, but of the fiber-solids, with its seat being in the mus-
cular fiber, and its cause in the gradual diminution of the vital power.!”
He extends this pathology of the muscular solids of the fibers to all putrid
diseases, with a dictum that the diminution of the vital power inherent in
the muscular fibers predisposes the body to putrefy.!®

Milman’s muscular pathology of the fiber-solids finds its place in another
medical field, dermatology. Seguin H. Jackson, a distinguished dermatolo-
gist of the era, in his medical work on the diseases of the skin, frequently
refers to Milman’s treatise on scurvy and appreciates him as the inven-
tor of “Muscular Pathology” as contrary to Boerhaave’s humoral pathol-
ogy.!? Drawing on Milman’s muscular solid pathology, Jackson attempts
to advance a theory of “New Pathology.”!?? Jackson still sees the human
body as the hydraulic machine, the greater part of which comprises the
muscular fibers—even the minute and extreme vessels such as the capillary
and cutaneous vessels are muscular because Nature provides “irritability”
with these minute vessels to promote circulation. As the health of the skin
consists in the circulation and exudation of the fluids, the general debil-
ity of the muscular system causes the morbid, atonic state of the capillary
vessels, which leads to the derangement of any vascular circulation of the
skin. The pathology of the cutaneous diseases depends on the due degree
of “muscular irritability” furnished within the circulating system.!?!

3.2  Appavent Death and Absolute Death

The new notion of irritability as the basis of life and the Hunterian idea of
vital power as resisting putrefaction, if conjoined, find an illustrious case
in the discussion on apparent death, a topic that gained wide currency
among medical practitioners during the last two decades of the eighteenth
century.!?? Facing the apparent dead person, the medical practitioner is
forced to establish a certain criterion to distinguish between apparent
death and absolute death. Witnessing that the apparent dead person may
be resuscitated by artificial means, they had to re-think the definition
of death, what causes death, and by extension the definition of life. In
the discussion of the apparent dead, the definition of death is drastically
changed, for the cessation of circulation, respiration, and the pulse, which
was formerly the sign of death (Adair still thinks it is so), no longer signals
one’s absolute state of death because the drowned who are apparently
dead without any vital signs of circulation and respiration, if stimulated
by artificial means such as electrical shock, artificial warming, friction and
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respiration, infusion of tobacco, and so on, sometimes are restored to life.
The case of the apparent dead thus defies the criterion based on the vas-
cular system, as life continues without circulation, and it defies the laws of
the nervous system as life still remains without sensation or consciousness.
The muscular system, however, seems to provide a criterion conforming
to absolute death since irritability, the peculiar property of the muscu-
lar fibers, still remains in the body of the apparent dead. Charles Kite, a
London surgeon, is one of these medical practitioners who count on the
notion of irritability to introduce the decisive criterion. Trying to identify
the positive sign of absolute death, Kite enumerates a variety of possibili-
ties such as the livid, black countenance, the dull, fixed state of the eyes,
the glassiness of the eyes, the dilated pupil, the rigid state of the jaws, and
the universal cold, all of which are not reliable indicators.!?® Kite even
excludes putrefaction (at least incipient putrefaction) as the unequivocal
sign of death since the putrefying appearance resembles that of putrid
diseases; only in the advanced stages can putrefaction be counted upon.!**
Kite’s final answer to distinguish life and death lies in irritability:

Death may be distinguished into two kinds or species—apparent, and abso-
lute. By apparent death, I mean a stoppage of the circulation, respiration,
and action of the brain; the irritability, however, or that peculiar property of
the muscular fibres which enables them to contract on being irritated, still
remaining. By absolute death, I would be understood to signify, not only a
cessation of the vital, natural, and animal functions, but where the principle
of irritability is also entirely destroyed.!?

The lack of water in the lungs proves the existence of irritability in the
body of the drowned, for the irritability, “the vital principle,” effectively
prevents water running into the lungs by its irritable action as long as life
remains in the muscular parts of the larynx.!2¢

Anthony Fothergill, a renowned physician of the era, even more
strongly advocates the new idea of irritability as the vital principle for the
explanation of apparent death and develops a kind of a philosophy of irrita-
bility. Fothergill refutes the theories of the vital principle hitherto promul-
gated by medical thinkers—Harvey, who saw the soul in the blood; John
Hunter, who thought the blood to be alive; van Helmont, who conceived
the soul residing in the stomach; and finally, nervous vitalists, who saw the
brain as the seat of the soul. None of these philosophies are appropriate
to explain the phenomenon of life, which is not confined to a particular
organ of the body—the heart, the stomach, or the brain.!?” Then, what is
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life? Fothergill contends that organization is a necessary condition to be
awakened or animated by some force or agent (“Organization...is only a
condition, or necessary step toward animation”); it is like a watch com-
plete in its mechanism and waiting to be wound up, otherwise it remains
silent.!?® Fothergill’s thinking is here very close to Hunter’s idea of vital
principle superadded to organization, but curiously he passes over Hunter
(who Fothergill assumes the philosopher of the blood as life) and associ-
ates the vital power with Haller’s irritability, or “motory power of ani-
mal fibres,” like other new vitalists who reinterpreted Haller’s concept
of irritability as the vital principle as such.'?’ Like Leake, who postulated
a primeval irritability that gives commencement to animal life, Fothergill
supposes a kind of “primaeval irritability” (the punctum saliens) that actu-
ates the heart of the embryo before the brain is formed, and calls it the
“primum movens and ultimum moriens of the animal machine” since it
never relinquishes its motion until death.!3 Accordingly, the vital principle
of irritability provides for Fothergill the sure criterion to distinguish life
from death. Denying Cullen’s idea that the muscular fibers are a continua-
tion of the extremities of the nerves and advocating the full independence
of the irritable fibers from the nervous system,'?! Fothergill sees vitality
(life as such) in irritability and death as the extinction of it.!3?

On this principle of vital irritability, Fothergill takes a further step to
develop an animal economy of irritability, which would mark a radical rup-
ture from the fiber model of Enlightenment medicine. Although Fothergill
construes irritability as “the Principal Agent in the animal oeconomy,”!33
he tends to see irritability as something quantifiable—irritability is daily
consumed by vital action and replenished by the lungs (by inhaling the vital
air); if the stimuli applied to irritable fibers are deficient, the quantity of
irritability increases, or builds up in the fibers, while if the stimuli increases,
irritability diminishes.’** As cach animal fiber has its determinate portion
of irritability necessary to its natural tone, which, if the stimulus is applied,
excites “oscillatory motion,”'¥ the “Grand secret in the art of healing”
consists of the proper adjustment of the stimuli, natural or artificial, to
“the exact tone of the irritable fibre.”!3¢ In this scheme, animal economy
might be calculated in the quantifiable laws of the diminution and accumu-
lation of irritability in conjunction with the differing amounts of stimuli.
Fothergill does not refer to Girtanner’s laws of irritability, the topic of
the next section, but the animal economy of irritability he advocates is
almost at one with Girtanner’s. By the time Fothergill published his work,
Girtanner’s laws of irritability had swept over the British medical scene.
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3.3 Girtanner’s Laws of Irvitability and Their Impact

Girtanner’s article on the laws of irritability (“On Irritability, Considered
as a Vital Principle in Organized Bodies”)"” catches the atmosphere of
new vitalism of the 1780s (as the title shows, Girtanner made clear his idea
of'irritability as a vital principle). Its success might lie in his formulation of
the laws into simplified forms that were widely reused, re-circulated, and
cross-referenced among a certain group of medical writers. Although no
medical historians have noticed the significance of Girtanner, Girtanner’s
laws of irritability had a significant effect on the medical vitalists of the last
decade of the eighteenth century.

Christoph Girtanner was a medical student at Gottingen and spent 1786,
1787, and 1789 in Edinburgh; it was surely in these Edinburgh years that
Girtanner had a chance to read Brown’s work, which Girtanner was later
accused of plagiarizing.’*® In 1790, Girtanner published an article on irri-
tability in a French journal, Observations sur ln physique, a partial English
translation of which appeared in the same year in Edinburgh Magazine'®;
the same material was quickly reprinted in Medical Commentaries the next
year.'*® Two years later, Thomas Beddoes, friend of Girtanner, attached
a more detailed version of Girtanner’s translation (probably edited by
him) with Beddoes’s additional notes concerning his work on calculus.!*!
The publication of Girtanner’s article multiple times in quick succession
might stand witness to the extent to which Girtanner’s laws of irritabil-
ity were widely welcomed, but some medical writers were not pleased
with Girtanner. The adherents of John Brown’s doctrine severely derided
Girtanner for his plagiarism.'*? To be fair to Girtanner, although he was
indebted to Brown’s idea of excitability, Girtanner’s medical system dif-
fered from that of Brown in emphasizing the primacy of the irritable fibers
as the physiological bedrock of life and in clarifying the resultant laws of
irritability in a simple formula.

Girtanner, like other new vitalists mentioned above, strongly advocates
the primacy of irritability over nervous sensibility and the irritable fiber
over the nervous fiber. Girtanner identifies three kinds of solid-fiber—
the earthy, the sensible, and the irritable. The earthy fiber forms bones
and is “inorganic, insensible and inirritable,” while the nervous one
constitutes the nerves and is equally “inirritable.”!*® The irritable one,
commonly called “muscular” but more rightly called “irritable,”!** is only
irritable, that is, capable of contraction upon stimulation. Every sensa-
tion and motion depends upon this irritable fiber as no stimulus can act
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on the nerves without the intervention of the irritable fibers; if the irri-
table fibers lose their irritability and become paralytic, there is no sensa-
tion even if the nerves are perfectly sound, but the reverse is not the case:
if the nerves are destroyed and insensible, the irritable fibers continue to
contract when stimulated, which demonstrates the total independence of
the irritable fiber. Thus, Girtanner boldly inverts the common assumption
of the nervous vitalists that sensibility (sensation) is the basis of life and
instead asserts the primacy of irritability: “Sensation is only a secondary
property, which depends on the irritable fiber, and cannot exist without
it. Irritability, on the contrary, is a primary property, essential to the liv-
ing irritable fibre, and absolutely independent of the nerves.”'*> Girtanner
further argues that the irritable fiber “pervades all organized matter” and
motion, sensation, and even life itself depend upon this fiber.!*¢ Seeing life
embodied by the irritable fiber, Girtanner concludes as follows:

The irritable fibre, from the first moment of its existence to its dissolution,
being constantly surrounded by bodies which act on it, and on which it
reacts, by its contraction; it follows, that during the whole period of life, the
irritable fibre is in continual action; that life consists in action, and is not a
passive state, as some authors have maintained.'*”

The fiber is not in the passive but in the active state, constantly inter-
acting with the stimuli surrounding the organism throughout life. Life,
for Girtanner, crucially depends upon this irritable fiber and its property,
irritability.

Upon establishing the vital significance of the irritable fiber in the liv-
ing organism, Girtanner proposes the laws of irritability that the irrita-
ble fiber serves. He remarks on the three states of the irritable fiber in
accordance with the three degrees of irritability: the state of health, the
state of accumulation of irritability, and the state of exhaustion of irrita-
bility.!*® The second state, accumulation, is produced by the absence of
habitual stimuli, such as heat, light, food, air, and the passions, and the
last by the powerful action of habitual stimuli; if the sum of the stim-
uli acting on the fiber is not powerful and irritability is augmented, the
stimuli, if applied, excite much stronger contractions; on the contrary, if
the sum of the stimuli acting on the fiber is too powerful and the fiber
loses its irritability, the fiber finds itself in a state of exhaustion and the
stimuli, if applied, would not make it contract until the fiber accumulates
again the irritable principle. Therefore, health depends crucially on the
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equilibrium between the acting stimuli and the irritability of the fiber
acted upon—~@Girtanner calls this state of health “the tone of the fiber.”!*
As long as the action of the stimuli on the irritable fiber is in proportion
to the degree of irritability, the fiber will be “in tone,” and the whole sys-
tem is sound.'*® Accordingly, diseases are divided into two classes: diseases
of accumulation of irritability, proceeding from the diminished action of
habitual stimuli, and diseases of exhaustion of irritability, proceeding from
the increased action of stimuli.'®! Identifying the “vital air” or “oxygene”
as the source of irritability, which is united with the blood and distributed
through circulation to every part of the body to be combined with stimu-
lating substances, Girtanner further formulates the laws of irritability in a
pneumatic line: “The irritability of organized bodies is always in a direct
ratio of the quantity of oxygene they contain.”**? In Girtanner’s scheme of
“Universal Physiology,”!*3 animal economy is thus regulated, calculated,
and quantifiable according to the laws of irritability—the different degrees
and combinations of stimuli, irritability, and the vital air adjusted to the
tone of the fiber.

In the state of temporary exhaustion, the fiber little by little recov-
ers its irritable principle to accumulate a certain degree of irritability; this
phenomenon is a linchpin to Girtanner’s laws and is deemed by Girtanner
a new discovery, although Girtanner must have borrowed the idea from
Fontana, who had discovered the same phenomenon much earlier.'* Tt
can explain the hitherto unexplainable phenomena such as the motion of
the heart and the periodical actions of the body; in particular, the rhythmic
motion of the heart is the focal point. Most physiologists were bewildered
that the heart continues its alternate motions of systole (contraction)
and diastole (relaxation) despite the continuing presence of the stimulus,
the blood in the cavities; in other words, the heart makes no contraction
immediately after the blood, as stimulus, enters the cavities of the heart,
which should cause immediate contraction. Haller never answered the
question of why the effect (the contraction of the heart) does not immedi-
ately follow the cause (the blood as the stimulus).!*® The laws of irritability
alone explain this enigma. The irritability of the heart must be exhausted
during active contraction, and the heart (or its irritable fiber) finds itself in
a state of temporary exhaustion, that is, a state of relaxation in which the
fiber once again accumulates enough irritability to react to the stimulus.
This interval of relaxation occurs in an instant, “half or three quarters of
a second,”!® so the heart seems to be constantly contracting, but it actu-
ally makes alternate motions of contraction and relaxation in accordance



CONTINUITY AND CHANGE: “FIBER BODY” IN THE ERA OF IATRO-VITALISM,... 139

with “the alternate exhaustion and accumulation of the irritability of the
fibre.”!®” This law of irritability is a key to unlocking the hitherto mysteri-
ous phenomena of periodic motions of the body.

Girtanner’s view of the living organism as subservient to the laws of
irritability, conjoined with the differing degrees of stimuli, seems to attract
the minds of the new vitalists, who held the primacy of irritability over ner-
vous sensibility. Many vital medics of the 1790s quote, refer to, draw on,
and elaborate on Girtanner’s laws of irritability, with or without acknowl-
edging their indebtedness. Fothergill is one of those vitalists, who, as I dis-
cussed above, fails to make mention of Girtanner but clearly owes his idea
to Girtanner. Fothergill’s description of animal economy as something
quantifiable according to the degree of irritability and stimuli strongly
recalls Girtanner’s laws of irritability; moreover, Fothergill describes the
irritable fiber’s active state in a similar vein: “the irritable fiber is never
passive, but in a constant state of action; and vitality...consists in action
and reaction between the vital organs and their respective stimuli.”!%8
Joseph Townsend, in his popular A Guide to Heath, also relies heavily on
Girtanner in postulating irritability of animal fibers as essential to vitality;
the different states of the fiber as tone, accumulation, and exhaustion in
accordance with the different power of the stimuli are symptomatic of
the different states of the body.'*® All violent stimuli if long continued
would exhaust the vital energy and induce morbid irritability, as in hyste-
ria; hence, violent inflammation, for instance, results in gangrene.'®® The
motions of the muscles are subservient to the laws of irritability, being
“alternately contracted and released” despite the continual presence of the
stimuli, in which the vital energy is alternately exhausted by exertion and
replenished with “a fresh supply.”!6!

Francis Penrose in his popular treatises of health and disease, almost
plagiarizes from Girtanner, citing long passages from Girtanner’s arti-
cle on irritability to explain the mechanism of diseases (Essay I1I, “On
Discases”).!? Hugh Moises also, in a treatise on the blood, assimilates
into his own sentences long quotations from Girtanner’s laws of irritability
to espouse the importance of irritability in animal life.¢3

Girtanner’s impact on the medical scene of the 1790s extends to the
field of psychiatry. Alexander Crichton, a renowned mental doctor of the
era, starts his treatise on mental derangement with a detailed discussion
of irritability and its laws, modifying Fontana and Girtanner’s laws of irri-
tability.!%* The argument of the laws of irritability lays the foundation for
the analysis of physiopathology of the passions that follows.!*® Crichton
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describes the laws of irritability in the same fashion as Girtanner as well,
employing the vocabulary of accumulation and exhaustion, the vital prin-
ciples lost and repaired. All passions and their modifications act like direct
stimuli on the irritable fiber and exhaust the vital principles (irritability
and sensibility); if continued long, they induce a temporary delirium.!6
Drawing on Darwin’s Zoonomia as well as Girtanner, Crichton concludes
the section on irritability as follows: “Man is a fiber which bends itself
into a ring, then becomes a tube, and then an animal. The principle of his
motion is oxygene: ideas are motions of fibres.”1¢”

Girtanner’s impact on the medical theory of the 1790s is most dis-
tinctly reflected in the medical philosophy of Robert John Thornton, who
refashions the Brunonian system with Girtanner’s doctrine. Thornton
construes Brown’s system, which is open to a wide interpretation, as a
variant of Girtanner, for Thornton finds that Brown “attributed all the
phenomena of life to the fibrous system.”!%® Like other irritable vitalists,
Thornton reinvents Hallerian irritability as the vital principle as such, com-
menting on the predominance of the heart of the chick over the brain—
nerves, to assert irritability as the prime mover of the animal machine.!®’
By describing the phenomena of the irritable power of the muscular fibers
that survives the nervous influence, Thornton strengthens his conviction
of the primacy and the independence of irritability in the same manner as
Girtanner: “the nervous influence, which seemed to animate the system,
and to be the prime mover and source of life, owes its restoration to that
[irritable power], which was conceived to be but a secondary power.”!70
He further confirms the superiority of irritability and its independence
from nerves by arguing that the muscles possess “their own peculiar
life.”!”! Quoting Girtanner’s passage without acknowledgment, Thornton
also considers the “irritable fibres” or “locomotive muscles” not as passive
organs, but as being in a state of constant action from stimuli.!”? Positing
the irritable fiber as the basis of life, Thornton set the laws of organic
life after the fashion of Girtanner’s laws; the fundamental premise of the
laws consists of “the changes that the fibrve and irritable principle undergo
upon the application of stimunli.”'7? For example, when he discusses sleep,
Thornton suggests that indirect stimuli such as silence, darkness of the
night, and cold are required for sound sleep in order to accumulate irri-
tability of the fiber, and warns against using feather-beds or fires in the
bed-chambers, which, by increasing warmth, would exhaust the irritable
principle.'”* In this fibrous animal economy, Thornton holds the laws of
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animal economy as being owed to the various modifications of the stimuli
adjusted to the irritable fibers.!7®

3.4  Model Changed

So far, I have explored the ways in which the last two decades of the
eighteenth century witnessed a new trend of vitalism distinct from (and
competing with) nervous vitalism: Hallerian irritability was reinvented as
the primeval vital principle in terms of the Hunterian idea of life by the
medical writers of the 1780s; Girtanner’s laws of irritability had a sig-
nificant impact on the vitalists of the 1790s—these new medics can be
assembled under the name of the “Irritable Fiber” school, or more simply,
irritable vitalists. In so doing, I have shown that toward the end of the
century, the model of the nervous body stood untenable, facing a power-
ful opponent in the irritable vitalists. Paradoxically, however, it is from the
“Irritable Fiber” school, especially that of the 1790s, that the fiber model
of Enlightenment medicine disintegrates and concedes to a new model.
The big rupture is brought on not by the nervous viltalists but by the
fiber-irritable vitalists.

As discussed above, the “Irritable Fiber” school describes the mecha-
nism of the living organism in terms of the variable degrees of irritability
brought to action by the equally variable amount of stimuli—an animal
body from the moment of birth to death, constantly expending by loco-
motive exertion the irritable principle (or the vital energy), which must
accumulate or replenish lost energy or irritability by rest or relaxation;
otherwise (without the fresh supply of irritability), the organism fails to
react to the new stimulus. In this scheme, the body is imagined as some-
thing that consumes, exhausts, and accumulates the vital energy (irritabil-
ity) as fuel within itself just like a steam engine, recently brought to the
technological fore by James Watt.'”® Beddoes, a friend and collaborator
of Watt, captures well this analogy; after linking Girtanner and Brown’s
theory with that of animal electricity, recently discovered by Galvani and
Valli, Beddoes articulates the mechanism of animal function as follows:
“animal motion, at least that of animals analogous to man, would be pro-
duced by a very beautiful pneumatic machinery; and our nervous and
muscular systems may be considered as a sort of steam-engine.”'”” For
Townsend and Thornton, the continual alternate actions of exhaustion,
fresh accumulation, and exhaustion again resemble the Leyden jar, an early
form of the electrical condenser: “the irritability of the system is never in
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a permanent condition, but incessantly ebbing and flowing like the tide;
constantly in motion, like the pendulum in its vibrations, or rather bearing
resemblance to the Leyden phial, when it is alternately charging, discharg-
ing, and discharged.”'”® The last quotation retains the older image of a
mechanical clock with a faint echo of the vibration model, but the central
image is that of the battery or condenser, which is rechargeable. The image
of the body that accumulates and exhausts irritability like fuel or charges
and discharges it like electricity seems to widely circulate among medical
practitioners at the end of the century. John Abernethy, a judicious man of
science, complains of the impropriety of the term commonly employed by
contemporary medics who “receive [it] in a literal sense...the exhaustment
of irritability during the contraction of the muscles.”'”” John Herdman
is another writer who feels uncomfortable with the new image presented
by Beddoes: “At the beginning of the present century, the human frame
was supposed to be a hydraulic machine. We are now changed into steam-
engines.”! The complaints by Abernethy and Herdman about the new
usage and image may tell how the new body image was in vogue among
the new generation of medical writers. Herdman’s quotation aptly points
out the transformation of the old image of the hydraulic machine to the
new steam model. As the last chapter amply shows, however, the hydraulic
machine that the iatromechanists envisioned has the underlying model of
the muscular moving body that incessantly vibrates to maintain life, and
as the first part of this chapter indicates, this muscular vibration model
is applicable, to a certain extent, to the body image propagated by ner-
vous vitalists. To gain a comprehensive picture of the Enlightenment body
image, we only add onto this vibration model the image of the fiber-
woven body in which innumerable canals, nerves, fibers, arteries, and veins
are jumbled together. Now, this fiber-vibration model of Enlightenment
medicine for the first time begins to be abandoned by the irritable vitalists,
who still set the fiber (especially the muscular, irritable fiber) as the critical
unit of animal economy but who no longer rely on any kind of vibratory
motions to explain the mechanism of the living organism. The irritable
vitalists often use the term “tone” to mean that the animal body keeps its
healthy condition and vigor, in much the same manner as the iatromecha-
nists and nervous vitalists. The irritable vitalists’ usage of the term does
not contain the implication that the iatromechanists and nervous vitalists
had in mind—some kind of vibratory motion, visible or invisible; they
employ it to designate an equilibrium between the stimuli and the irrita-
bility—it is not a motion but a quantifiable state or a degree of quantity.
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To strengthen my argument on the model change brought about by
the irritable vitalists, let me examine how Whytt managed to solve the
mysterious rhythmic motions of the heart. Whytt was shrewdly aware
of the enigmatic motion of the heart that repeats its alternate actions of
contraction and relaxation despite the presence of the stimulating agent.
Whytt tried to explain this phenomenon with recourse to the sentient
principle, which determines the influence of the nerves on the fibers in
order to get rid of uneasy sensation or irritation:

if the contraction of an irritated muscle be owing to the uneasy sensation
excited by the szimulus, as often as the first contraction does not remove this,
the muscle will be agitated with alternate contractions, as being the most
proper to throw off the irritating cause. If indeed, by the first contraction,
the disagreeable sense of irritation be quite removed, no further motion
follows; but if it still remains, new convulsive contractions succeed, and con-
tinue to be repeated alternately, till the stimulus either ceases entirely, and
it is no longer felt, or becomes too weak to produce a new contraction.'s!

Although, strictly speaking, Whytt fails to solve the mechanism of the
rhythmic motion of the heart muscles—he only explains why the muscles
repeat alternate contractions—it is nonetheless interesting to note that
his explanatory model is predicated on the vibrational model despite hav-
ing recourse to the sentient principle (brain energy). As long as the body
or the muscles are irritated by the stimulus, the sentient principle or the
soul automatically orders the muscular fibers to “throw off” the cause
with “alternate contractions” until it ceases to stimulate. This process is
much like the iatromechanical view of the fiber-vibration model in which
the body is shaking off obstructions with incessant vibrations. Whytt’s
sentient principle is constant, that is, never expended or augmented like
the irritable principle, and the sentient principle as the governor of the
organism determines what to do with the body—the nerves, the fibers,
the vessels, and the animal fluids—all these are the instrument of the soul.
The irritable fiber model of accumulation and exhaustion (of irritability
as fuel) differs significantly from this. The irritable principle (irritability)
is not constant but expended in every muscular exertion and needs to be
replenished during relaxation; it never determines the force, quantity, or
influence of the body parts (soul’s instruments) as the sentient principle
does; on the contrary, it is embedded or incorporated into the machinery
of the living organism as fuel or energy to run a steam engine.
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Probably, it is in the next century when S. Carnot first formulates
thermodynamics in 1824 that a steam engine becomes a more convinc-
ing model for the body, as Georges Vigarello suggests.'®> The amount of
energy (calories) consumed or burned in the organism is equivalent to the
volume of work done; in this scheme of thermodynamics, the energy of
the body comes from “calories consumed and exchanged” and from “their
measured and calculated use.”!¥? Vigarello argues that this stcam-engine
model overturns that of the cighteenth century,'®* but from our point of
view, the decisive step to the steam-engine model was taken much earlier
by the irritable vitalists who discarded the fiber-vibration model and unin-
tentionally refashioned it into a new one.

3.5  Darwin’s Moving Fibers, a Final Version of the Fiber Body

Erasmus Darwin, one of the most significant medical philosophers of the
late eighteenth century, is probably the last in our history of the fiber
body to elaborate on the medical theory based on the fibers.!%> Darwin’s
idiosyncratic medical theory is difficult to characterize, for it is an amal-
gam of Whytt’s nervous vitalism, Cullen’s neuromuscular physiology,
Brown’s stimuli-reactive theory of excitability, Girtanner’s irritable fiber
theory, Beddoes’s pneumatic medicine, and even Hartley’s associationist
psychology. Darwin appears to belong to nervous vitalism, since he sees
“the spirit of animation” or “sensorial power” much like Whytt’s sentient
principle as the controlling principle over the body residing primarily in
the brain and the nerves. However, Darwin shares much with the school
of “Irritable Fiber” in setting the muscular fibers as the critical agent for
motion and seeing fibrous contraction in terms of exhaustion and accu-
mulation. Darwin’s medical theory of the fiber might be a compromising
product of nervous and irritable vitalisms. For our purpose, there are two
points to be discussed in Darwin’s medical system: its relation to irritable
vitalism (especially Girtanner’s laws), and the idea of the moving fibers.
Darwin views the essence of animal life in “animation” and starts his
work with the study of motions, which constitutes the basis of the laws
of organic life.’3 Darwin sets the three circumstances to produce ani-
mal motions: the stimulus, the sensorial power or the spirit of animation,
and the contractile fiber.’®” Modifying Brown’s system of excitability and
infusing it with Hartley’s associationist psychology, Darwin elaborates on
the mechanism of motion. The stimulus occasions the sensorial power to
activate any of the four faculties—irritability, sensibility, volition, and asso-
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ciability—into action, irritation, sensation, volition, and association, which
produce a contraction of the animal fiber (“fibrous contraction”).!3® These
states successively become the stimulus to the next one, as the external
stimulus induces irritation that excites the contraction of the fibers, which
in turn produces sensation (pleasure or pain) and excites fibrous contrac-
tion as the new stimulus; this contraction introduces desire or aversion,
which excites volition. Volition in turn becomes the new stimulus to asso-
ciation.'®® (Therefore, in Darwin, the stimulus includes all causes which
excite the four sensorial powers into action.) Like the irritable vitalists,
Darwin subscribes to the idea that health depends upon the equilibrium
between the degree of stimulus acting on the organism and the spirit of
animation, which for Darwin is equivalent to sound fibrous motions, while
diseases proceed from unnatural and distorted motions of the fibers.!?°
Although Darwin places some importance on the brain and the ner-
vous system as the center of the spirit of animation, not unlike Whytt’s
sentient principle, he shares the underlying assumption of the mechanism
of motion with the irritable vitalists (like Girtanner). For the spirit of ani-
mation is, just like the irritable principle, “perpetually exhausted by the
expenditure of it in fibrous contractions”; if there is “less fibrous con-
traction than usual,” then the spirit of animation is “accumulated.”’®!
Conforming to the laws of irritability, upon the expenditure of the spirit
of animation during contraction, the fibers cease to contract despite the
presence of stimuli, until the contractile fiber receives a fresh supply of the
spirit of animation from the brain.'”? The propensity for motion, whether
it is irritability, sensibility, volition, or associability, corresponds to the
quantity of the spirit of animation residing in the fibers to be excited.!? As
any motion involves some change of the sensorium and the change pre-
supposes motion, Darwin terms the faculties of the sensorium “sensorial
motions” to distinguish from “fibrous motions,” the eftect of the former.!**
It is striking that the “sensorial motions” do not hinge on vibration or the
flow of the spirit like the inflowing of animal spirits through the nerves to
the muscles (“The sensorial motions ...are not here supposed to be fluc-
tuations or refluctuation of the spirit of animation; nor are they supposed
to be vibrations or revibrations”), but on the motions “peculiar to life.”!%
What is more striking is that Darwin not only rejects the vibration model
for explaining the mechanism of motion, which was almost consistently
employed by both iatromechanists and iatro-vitalists (nervous vitalists),
but also never refers to “tone” literally or metaphorically to designate
the due degree of vigor or heath. Thus, he wholeheartedly discarded the
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physiology of tone, the underlying doctrine that most nervous vitalists
relied upon (and which was still used by the irritable vitalists). Darwin
elsewhere criticizes medical practitioners’ usage of “tone” as equivalent to
the vigor of animal life, pointing out that the term tone is a “mechanical
term, applicable only to musical strings,” and therefore, “like bracing and
relaxation,” cannot be applied to living organisms.!”® By confining the
term tone to the realm of mechanics (or iatromechanism), Darwin once
and for all distances himself from the physiology of tone.

It is very curious that Darwin situates himself further from the physiol-
ogy of tone and the vibration model than any other medic, while simul-
taneously he attaches the most critical importance to the moving fibers.
Darwin posits motion rather than sensation at the heart of animal life.
Going beyond Cullen’s view of neuromuscular physiology, Darwin sees
the nervous system as overshadowed by the moving fibers. His emphasis
on the effect that these moving fibers have on the nerves is particularly evi-
dent in his explanation of the mechanism of sensory perception and gen-
eration. Darwin pushes his theory of moving fibers for animal economy to
the limit, proposing that these fibers constitute a self-regulating machine
or organism.

Behind Darwin’s medical philosophy lies the commingling vision of the
locomotive system and the sensory system. Darwin’s view is that all of the
solid parts of animals consist of the extremities of the nerves. These can be
subdivided into the muscular fibers (“moving organs”) that have locomo-
tive faculty and the immediate sensory organs, which also have their own
particular motions because they are made up of the moving fibers.’” The
numerous ramifications of the nerves are intermixed with and accompa-
nied by the “slender fibres.” These are united as a whole, to constitute the
grand sensorium system that links the extremities of the body with the
brain and allows them to communicate.!*® Thus, Darwin envisions “senso-
rium” as the all-inclusive system that involves not only the medullary sub-
stance, spinal marrow, nerves, and organs of sense, but also the muscular,
moving organs and the controlling principle of the spirit of animation that
resides primarily in the brain but also throughout the body.'?”

Darwin explains the sensory process through an analogy, using the
structure of the larger muscles and their motions. The immediate organs of
sense, such as the retina, are often erroneously considered to be mere con-
tinuations of the medullary substance (“nervous medulla”).?*® However,
they consist of moving fibers endowed with contractile power that is “sim-
ilar to that of the larger muscle.”?*! The sensory organs, then, act like
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muscles, and “exactly resemble the motions or contractions of the large
muscles” to produce the ideas that come from the fibrous motions. More
precisely, the idea is identified as the contraction or motion of the fibers.%?
When successions of objects are presented, the retina, as the active organ,
changes its configuration, and its muscular action, or “sensual motion,”?%
prompts our visual ideas. Darwin substantiates this thesis through experi-
ments on the actions of the retina, which is the immediate organ of sight.
If a subject continues to look at a red piece of silk until the eyes become
tired and they are closed, the same image, only in the different color of
green, will appear in the eyes. This phenomenon, which we now call the
after-image, is explained through an analogy with the dynamic mechanism
of muscles: the “part of the retina, which had been fatigued by contrac-
tion in one direction, relieves itself by exerting the antagonist fibres.” It
then produces the opposite effect (action), “as is common in the exertions
of our muscles.”?* Indeed, Darwin often relies on the “great analogy”
between the motions of the sensory organs and those of the muscles in
order to explain how ideas are motions produced by the moving fibers.
For example, our sensory organs are subject to inflammation or numbness
in the same manner as the muscular fibers. Like the muscles, these organs
become fatigued by continued exertion, and this can be relieved by shift-
ing the attention to other objects.?*® The moving fibers encroach upon the
realm where the nervous system appears to reign.

Just as the sensory organs act like the muscular fibers, the muscular,
moving fibers (or the muscular system) act like an organ of sense. Darwin
postulates that the muscular fibers act as sensory organs that feel exten-
sion. The organ of touch usually only senses pressure, along with the ideas
of the figure and solidity of the object, but with no sense of extension.
However, the various kinds of muscles, such as those that are hollow or
longitudinal, contract themselves whenever they are stimulated by any
violent force of extension (i.e., elongation/distension). In this way, the
muscular fibers, like an organ of sense, feel and sense this extension and
react to it by contracting. Darwin concludes, therefore, that “the whole
muscular system may be considered as one organ of sense.”?% Indeed, he
considers that any fibers in the body originally possess both sensory and
motor faculties.??”

Darwin is most explicit about his particular emphasis on the moving
fibers in living animals when he discusses the issue of generation. He
boldly extends his idea of the moving fibers into the area of biogenesis.
This process begins with a single living fiber. At the earliest stage of the
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embryo, the speck of entity (the rudiment of embryo) seems to consist of
“a living filament” from the male parent. This filament has some capaci-
ties, such as for irritation, sensation, volition, and association, which are
common to all and others that are habits specific to the parent.??® Of crit-
ical importance to Darwin’s theory is that this single living filament is
viewed as a moving fiber:

I conceive the primordium, or rudiment of the embryon, as secreted from
the blood of the parent, to consist of a simple living filament as a muscular
fibre; which I suppose to be an extremity of a nerve of loco-motion, as a
fibre of the retina is an extremity of a nerve of sensation...; I suppose this liv-
ing filament...to be endued with the capability of being excited into action
by certain kinds of stimulus. By the stimulus of the surrounding fluid, in
which it is received from the male, it may bend into a ring; and thus form
the beginning of a tube.??

Here, the primordial living filament is seen as the single moving (muscu-
lar) fiber that regulates itself in response to a variety of external stimuli in
order to develop into a perfect organization. The muscular fiber is “mov-
ing” and “living” because it is excited into action by its response to exter-
nal stimuli. Such “moving filaments,” or living rings such as microscopic
animalcules, successively absorb the nutritive particles and become a “liv-
ing tube,” which enjoys a new kind of irritability and sensibility. This pro-
cess of acquiring new organs with new kinds of irritability and sensibility
(or “a taste, or appetency”??) continues throughout the whole life: “all
the parts of the body endeavor to grow, or to make additional parts to
themselves throughout our lives.”?!! For Darwin, the acquisition of a new
part involves the production of new desire, power, and sensation, as well
as “a consequent mode of action peculiar to itself.”?!2 Darwin here stands
against the still powerful theory of preformation and negates the doctrine
that sees growth as the elongation and distension of “stamina,” which is
identifiable with fibers?!3; for him growth is a temporal, progressive pro-
cess, not a non-temporal process of stamina’s elongation.

Darwin’s idea is that the living or moving fibers result from the com-
mingling of sensory and locomotive faculties, and he places special empha-
sis on the muscular fiber or filament in biogenesis as the self-regulating
germ or machine. This shows that, although his medical philosophy is
supposed to be based on the nervous system, with the brain (or sensorium
commune) as the principal seat, the presence of the peripheral entity of
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the moving fibers, which are part of “the extremities of the nerves,” is
more compelling. In this sense, Darwin’s idea that the fibers are the self-
regulating machine or reactive organism—although it is a compromising
product of nervous and irritable vitalism—severely qualifies the reign of
nervous vitalism which disseminates the neurocentric view of the body.

Darwin’s fiber body or self-regulating machine embodies the last form
of the fiber body of the Enlightenment; no medical philosophers or the-
orists in the next century would attempt to construct a theory of fiber
medicine as Darwin did. It should be noted here that Darwin’s view of the
fiber (body) in many critical points differs from the orthodox doctrines,
core principles, and key ideas of the fiber body—the fiber-woven body,
fiber pathology (bracing and relaxation as the key), cold regimen (e.g.,
cold bathing) and music therapy as principal therapy, the fiber-vibration
model, the physiology of tone, and stamina as fibers (preformationism). In
this light, Darwin’s version of the fiber body is not the culmination of the
fiber body, but it marks at once the last attempt to embody, and the first
decisive departure from, the Enlightenment fiber body.
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CHAPTER 5

Interlude: Fiber Psychology

Fiber’s critical roles are not limited to animal economy per se. The realms
of cognitive faculties are also referred to, and explained by the fibers, the
nerves, or more often the nerve-fibers (i.e., the nervous fibers), which
were supposed to mediate between the mind and the body. Here I briefly
sketch some of the ways that fibers participated in cognitive and sensory
processes—what I call “fiber psychology.”

Traditionally and throughout the eighteenth century, man was pre-
sumed to consist of two distinct substances, the immaterial, immortal,
and indivisible soul and the material, mortal, and divisible body': “Man
is composed of a Body and Mind, united each other...[and] the Nature
of these are very different.”” Though these substances were incongru-
ous in nature, they must be united in man to interact with each other;
otherwise, man could not think, and therefore could not exist as such.?
The Cartesian solution that the soul lodged in the pineal gland where it
received physical impressions and commanded movements still required
a plausible explanation of the interaction between two incommensurable
substances. For many, a Leibnizean pre-established harmony of paral-
lel mental and physical occurrence seemed to be an alternative solution;
Boerhaave, for example, took this option of “a Harmony establish’d by
God” (“determinate actions of the Mind must be necessarily attended
with corresponding Motion in the Body, and the contrary”).* Even so,
this was too crude to explain the micro-mechanism of the mind’s activity
and its interaction with the body. Moreover, the body’s necessary assis-
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tance to the soul’s performance was recognized as an essential condition
for the commerce between soul and body.> On the other hand, Locke’s
dangerous suggestion that matter could think made the mind-body
problem more troubling: if matter could think, two substances would
be reduced to one, with the soul totally expunged. Everyone should
avoid this heinous atheism.® For these various reasons, many anatomists
and medical theorists drew on the more subtle entity which enabled the
body to correspond with the soul; a medium which aptly connected two
different substances, one that was neither purely physical nor purely
immaterial. It was in these contexts that the nerve-fiber, with its physio-
psychological functions, emerged as a mediator of the gross material body
and the immaterial soul.”

It was through and by the nerve-fiber’s sub-material changes that
perception and cognition occurred: “our Bodies receive nothing else
from sensible Objects to produce sensation, than a Change in the Surface
of the Nerve,” since “we perceive when such a Change is made.”® Of
course, the changes that occurred at the nerve-fiber’s end of the sensory
organs alone were not sufficient to produce perception and ideas; the
same changes must propagate through the nerves to the brain center,
where by the force of the animal spirits or vibrations, the changes are
made in the sentient nerve-fibers which produce sensation and ideas.’
This theory of physiological psychology (i.e., mental phenomena are
explained by referring to physiological activities, or what Yolton called
the “physiology of thinking,” or what I call here “fiber psychology”)
widely appealed to eighteenth-century minds, though there were differ-
ent variations of it.'°

One version of fiber psychology involves the theory of vibrations—
a theory traced back to the Newtonian concept of aether that vibrates
as a medium of transmission of sensation and motion and culminates
in David Hartley’s doctrine of vibrations. Confusingly, the Newtonian
acthereal vibration model, according to which sensation is transmitted
by infinitesimal vibrations of aether within the nervous fibers, was con-
founded with another version of a vibration model: a model based on the
tense, solid nerve-fibers that are capable of vibrating to convey the sen-
sory data to the brain (the seat of the soul). The latter view was categori-
cally denied by authoritative medical authors such as Boerhaave and von
Haller, who argued that the flaccid, pulpy substance of nerves, unlike a
musical string, were unfit for vibration!'; Hartley, too, discounted the
notion as absurd, saying Newton or any other theorists of vibration
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had never asserted that sensory perception was transmitted by means of
vibrations; rather, it was conveyed by the minutest vibrations of aether
within the slack nerves, a motion occurring on the molecular level.?
Pemberton, Bryan Robinson, Nicholas Robinson, and early Cheyne all
subscribed to the aethereal version of vibration theory, but Cheyne later
discounted aether as a medium and opted for vibrations alone.!® It is
worth noting here that whether vibrations are of the solid nerve-fibers
themselves (visible oscillatory motion like a tense string or bow) or of
acther within the nerve-fibers (invisible minute motion like tonus'?*),
vibration assumes a critical function.

Although the vibration hypothesis is generally traced back to
Newton’s suggestion in the Gneral Scholium of Principia (1687) and his
more detailed explanation of it in the second edition of Opticks (1717),
Newton probably obtained the idea from his friend William Briggs, an
English physician and oculist, who first clearly advocated the vibration
theory of vision in his two papers to Philosophical Transactions.*® Indeed,
Newton’s correspondence with Briggs shows his indebtedness to his
friend.'® Briggs emphasized the importance of fibers of the optic nerves,
which he insisted were more concerned with vision than other parts of
the eyes like cornea, humors, or retina. In order to explain the binocular
single vision (two eyes seeing a single vision), Briggs first anatomized
the visual pathways that showed the two distinct fibers running inde-
pendently from the brain to the eyes; he thus refuted the common idea
of the mixing of two optic nerve-fibers, which usually accounted for the
phenomenon of binocular single vision. Briggs then introduced the idea
of vibration, or “unison” and “concordance” of two fibers, which pos-
sessed a different degree of tension like musical strings; like “ Unisons
in two Viols or Lutes,” these “Fibra concordes” worked together as it
were “symphonical” so that when an impression from an object strikes
both fibers, it does not cause a double vision as unisons in lutes do
not make a double sound.'” Furthermore, Briggs anticipated the fol-
lowing objection to his vibration theory: the soft medullary fibers of the
nerves do not possess sufficient tension to vibrate like musical strings;
and he answered it in the way that eighteenth-century fiber-theorists
fully endorsed: the nerve-fibers are like “a Spiders-Web,” whose mucous
or medullary substance could answer to the retina (which is the expan-
sion of optic nerve-fibers); as the “least breath of wind” moves the web,
so the “finer strokes” of lucid matter (rays of the light) cause a “vibra-
tion.”!® Briggs’s anticipation of eighteenth-century fiber theory is further



166 H.ISHIZUKA

evident in his extension of the spider web metaphor to the mechanism
of sensory perception in the brain, which was also constituted of “soft
medullary Fibres” but fit enough to transmit vibrations.

As that little Animal in the Centre of its soft circumtended Fibres is sen-
sible of the least gale of Wind, or is alarum’d by the least noise or zouches
of its prey or of an enemy from an Quarter, by the delicate expansion of
its Fibres: So may the Soul much more (in the common sensory) being sur-
rounded by Fibrillae of expanded Nerves and of a finer make; apprehend
from what Quarter the several motions come from abroad, and more
minutely perceive the difference of >em in respect of the diverse Organs of
sense and the different fineness or zension of those Nerves that belong to
the same.?®

This is precisely what eighteenth-century fiber-theorists had in mind in
explaining the soul’s sense perception through the delicate nerve-fibers.!
Briggs’s name, however, fell out of favor in the next century, and his work
was overshadowed by Newton’s, which achieved great fame because of its
supposedly original idea of vibration.

Another version of fiber psychology develops from the physiologi-
cal theory of animal spirits and brain traces. Rees’s Cyclopaedin, for
the description of the working of imagination, draws on this theory:
“Since...the imagination only consists in a power which the soul has of
forming images of objects, by impressing them in the fibres of the brain,
it follows that the larger and more distinct the vestigia or tracks of the
animal spirits, which are the...strokes, as it were, of those images, are;
the more strongly and distinctly the soul imagines these objects.”?? As
Yolton suggested, this version of physio-psychology was first elaborated
in the late seventeenth century by Nicolas Malebranche, a disciple of
Descartes, whose theory had a tremendous effect on the eighteenth-
century theory of mind.?® For Malebranche, two substances, soul and
body, remained as they were, so the only “alliance of mind and body”
rested on “a natural and mutual correspondence of the soul’s thoughts
with the brain traces, and of the soul’s emotions with the movements of
animal spirits.”?* The soul corresponded to the body, by the interposi-
tion of physiology, that is, by the medium of the fibers and animal spir-
its: “if any movement of the spirits occurs in this part [the origin of the
nerves in the brain], which slightly changes the order of its fibers, a new
perception occurs in the soul also;...the soul can never sense any thing or
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imagine anew unless there is some change in the fibers of this same part
of the brain.”? The pressure of the animal spirits leaves “traces” (the
changes of the fibers) by “imprinting” or “engraving” on the fibers; by
pursing these traces, the animal spirits bring about various mental phe-
nomena (memory, imagination, judgment).?® Thus, the condition of the
fibers as well as the movements of the animal spirits is relevant to think-
ing and imagination. Malebranche’s theory stayed deeply entrenched
throughout the eighteenth century; Boerhaave, Haller, Bonnet, and a
host of others trod the same path. Compare, for instance, the following
explanation of the workings of imagination by Malebranche to Rees’s
above-cited passage: “Since the imagination consists only in the soul’s
power to form images of objects by imprinting them, so to speak, in the
fibers of the brain, the greater and more distinct the traces of the animal
spirits, which are strokes of the images, the more strongly and distinctly
the soul will imagine these objects.”?” A century’s distance dissolves into
a paradigmatic continuity.

Traditionally, the existence of the subtle fluids (usually animal spir-
its) was thought to be a prerequisite for the interaction of the soul and
the body. It is true of Malebranche’s doctrine and, whatever the subtle
fluids are called in the eighteenth century, it is still valid in eighteenth-
century physio-psychology. Yet, at least for some, and especially when
the internal senses were concerned, the subtle fluid’s importance was
gradually replaced by that of the solid fibers; in Malebranche, the equal
balance between the fiber’s physical condition and the movements of
animal spirits was kept, but in later theorists, it became increasingly pre-
carious. With the gradual demise of the animal spirits, the role that they
carried was also devalued; the newly introduced subtle fluids (nervous
fluids, electric fluids, or Newtonian aether) restricted their functional
role mainly to transmission of the nerve impressions and impulses. As
Applegarth remarked, “the Animal Spirits have Nothing to do primar-
ily and actively, in comparing Ideas: [but]—DPassively and subordinately
to something else in the Human System, I grant they have.”?® The
importance of the solids as a substance distinct from the gross matter
was gradually recognized.?® Haller, for instance, in explaining the pro-
duction of the internal sense, relied on Malebranchean fiber psychology,
but he conferred on the theory the solids’ vital role: “the footsteps or
traces of things” were “lodged or engraved not in the mind, but into the
body [the medulla of the brain] itself.” The mind was “obliged to think
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on the species the body offered.”?® The soul, not the animal spirits, as it
were, read these “characters” (traces) in the same manner that we read
in a book. As Bonnet, who was well versed in Malebranche’s theory,
and brought it to a new stage, illustrated this: “a mind which should be
thoroughly acquainted with the mechanism of the brain...would there
read as in a book. The prodigious number of infinitely small organs
[fibers]...would to such a mind be what the characters used in printing
are to us.”3!

The primacy of the solid fibers lent to fiber theory a new dimension,
which would have a significant influence on the early nineteenth-century
theory of mind (phrenology): the fiber became regarded as a specific organ
capable of executing a certain function appropriate to it. The idea that each
fiber had an individual faculty had already become commonplace by the
mid-eighteenth century: “it’s now an established Maxim that every Nerve
in the different Parts of the Body, has its Correspondent in the Head.”3?
Each fiber connected the particular part of the body with the correspond-
ing particular part of the brain without confounding or mixing with each
other. The corresponding fibers of the brain at certain occasions, if they
received an impulse, produced the corresponding ideas or sensations?®?;
Applegarth even imagined the aggregate of the corresponding fibers in the
brain as a “little man”: “as the whole Body is crowded up thickly with ner-
vous Filaments, that have All of them their Tallies or Corespondents in the
Brain; so, it should seem...there were in the Sensory...a kind of Homulus
or Man in Miniature.”** The corollary of the particularity of the fiber,
the sum of which makes up the representative of man at large, is that the
fiber would be endowed with distinct characters and dispositions adapted
to its function or use. If the fibers were all similar in their disposition and
inclination, they would be totally unfit for receiving, selecting, and propel-
ling numerous impressions and sensations. Each fiber, therefore, should
be just like the organs of sense, that is, as the organ of sight is formed
for the purpose of seeing, so each “organ” of fiber would be contrived in
service of its specific faculty, having its proper seat in the brain. Boerhaave
had already hinted at this incipient form of phrenological principle of the
(fiber-)organ localized in the brain:

[I]t is an Opinion of my own from which I cannot easily depart, namely,
that there are distinct Parts or Provinces in the common Sensory for the dif-
ferent Senses, in the same manner as we observe a distinct Organ destined
to every external Sense...that each Nerve arose from its proper Part of the
Brain, by Fibres distinct and separate from the rest of the Nerves. Hence it



INTERLUDE: FIBER PSYCHOLOGY 169

seems probable, that each set of Ideas dwell at the Origin of each particular
Nerve in the Brain.®®

But it was Bonnet, a mystic naturalist, who lent a distinct form to the fiber-
organ notion. Bonnet drew on the possible similarity between fibers and
the sensory organs which Boerhaave and other theorists faced, but unlike
others, he pushed the comparison as far as to identify the fiber with the
organ per se:

I have thought, that if each sense has its mechanism, every species of sensible
fibre might also have theirs. I have considered every sensible fibre as a very
minute organ, which has its proper functions, or as a very small machine,
which the action of objects raises to the tone appropriate to it.3

The fibers, for Bonnet, were no longer the passive recipients on which
animal spirits’ “burin” engraved,*” but the organ-machine “appointed to
produce a certain motion.”3

The consequence of the identification of the fiber with the organ is that
“the physique” and “the moral” were merged in the fiber-organ. The fiber
not only mediated the mind-body, but literally embodied its mediation,
for if each fiber had appropriate species of sensations or ideas, why could
not each species of sensations or ideas (“the moral”) have its proper (com-
pound) fibers (“the physique”): “If all our ideas depend on fibres appro-
priated to them, prejudices must also have their fibres.”* Eventually, it
became possible to think that man’s “character” resulted from the fibers’
assemblage (“that assemblage of determinations which an infinity of fibres
have contracted”).*® It is easy to see here a rudimentary, albeit rough,
form of Gall’s phrenology, and in fact, Gall resorted to Bonnet’s idea of
the fiber-organ when embarking on the theory of mind later called phre-
nology.*! In a similar vein, Applegarth conjectured the existence of the
specific fiber appropriate to reflection, the principal activity which distin-
guished man from brutes: “I judge, there is a distinct Class or Set, for the
Purpose of Reflection,” “the Reflectional Nerves.” Conversely, brutes were
endowed with “Itinerant Nerves” instead of “Reflectional” ones, because
they would travel to amazing distances without any external guide. Man’s
rationality and Brute’s instinct must have “something” to mobilize their
capacity, which Applegarth variously called “Instrument,” “Medinum,”
“organised System,” or “System of Organs,” without which man could not
think and animals could not travel—a notion not remote from that of
Bonnet’s fiber-organ.*?
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From a radically different standpoint, but undoubtedly within the
same paradigm of fiber psychology, Swedenborg developed his seemingly
idiosyncratic theology. He argued that in order for God to dwell in man
and give life to man, He should create in man proper receptacles and
inhabitations for Himself, one for Divine Love and another for Divine
Wisdom, since God himself is Love and Wisdom.** These two recepta-
cles are respectively called “the will” and “the understanding,” but they
should not be understood in an ordinary sense of the words; as the sensory
organs were organically formed for receiving certain sensations, the will
and the understanding should be organically contrived for receiving Love
and Wisdom and for producing affection and thought in man, with the
difference that these “substances and forms” are not “extant before the
eyes” like the organs of the external senses.** These receptacles are orga-
nized from the purest substances and have their first principles in the corti-
cal substances of the brain, which, for Swedenborg, are the seat of soul (in
the anatomical writings) and the first principle of life (in the theological
writings).*® The cortical substances are composed of innumerable little
glands which were nothing other than the “heads” of the simple fibers;
therefore, they are the primal principles of the simple fibers.*® According
to the forms of these “receiving-organs” (the will and the understand-
ing), Divine Love and Wisdom could flow into these little glands, which
determine man’s affection and thought.*” To put these together: there are
in the brain (more precisely in the cortical substances) receptacle-organs
called the will /understanding composed of the minute, invisible fibers for
receiving Love and Wisdom from God (Divine Influx), which determine,
in accordance with the forms of the organs, the degree of affection and
thought in man. Though the picture is rather complicated, the underlying
paradigm is the same: the fiber is conceived as an organ, and as a psycho-
physiological substance, according to which of the various phenomena
in the domain of “the moral” are being determined. Like Bonnet’s fiber-
organ, Swedenborg’s fiber is highly charged with “the moral.”
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PART III

Fiber and Culture



CHAPTER 6

The Fiber Body and the Baroque:
The Anatomy of Membranes and Folds

1 INTRODUCTION

In the anatomical tables of John Browne’s Myographia Nova (1697), the
flayed standing figures (écorché) welcome viewers, successively taking
off the skin or the outer coverings of the body to display the superficial
musculature to the eyes of the spectators. These figures are shown as
if they were alive while they were being dissected although they were
cadavers ready for dissection.! Browne’s tables simply followed the long-
standing convention of anatomy popular since the Renaissance. In table
12, however, we come across the strange spectacle in which the chest
of the figure is flayed to expose the inner skeleton (ribs) hidden from
the observers. The skin droops from the back down to the buttocks
just like a cloth garment in folds; the skin looks as if it were fastened at
the groin to the thigh. Is this material cloth or an amalgam of the skin
or membranes thus far flayed? The same strange composition reappears
in table 18 where the figure is further minutely flayed to display drape-
like skin-cloth, which hangs loosely from the back to the buttocks and
beneath the foot of the man who is sitting on the pedestal (Fig. 6.1).
The flayed tissue (the membrane or the skin) taken from the left arm
is commingled with the drape-like substance in numerous folds. The
écorché is here as if he is taking oftf many layers of clothing or the skin
tissue he was wearing. This chapter, focusing on this strange figure of a
cloth-membrane in folds, explores the way that the membranes and the
folds play an important role in fiber medicine and the way that drape-like
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Fig. 6.1 Flayed man, from John Browne, Myographia Nova (1697), table 18;
Wellcome Trust Image Collection
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membranes and folds intersect with the aesthetic style of the Baroque.
The finely pleated draperies shown in Browne’s anatomical plates invoke
the Baroque aesthetics characteristic of seventeenth-century art. One
might immediately recall Bernini’s majestic sculpture The Ecstasy of St.
Teresn (1647-1651), the rumpled draperies of which well illustrate the
Baroquism of the folds. However, the interface of anatomy and art seen
in the works of da Vinci will not be discussed in this chapter; the main
aim of this chapter is to describe the ways that the imagination of the
membranes and folds in fiber medicine is implicated in and overlapped
with that of the Baroque style and, in so doing, extract one facet of the
fiber body. The first section discusses the anatomical art of the latter half
of the seventeenth century to show that the concept of texture discov-
ered by micro-anatomy is the product of the Baroque age. The second
section explores the way that the notion of the membranes and the folds
in fiber medicine exert the imaginative power of the Baroque, by focus-
ing on the elastic power of membranes and the theory of preformation
predicated on the anatomy of insects.

2  BAROQUE ANATOMY AND THE DISCOVERY
OF TEXTURE

2.1  Drapevies and Bavoque Anatomy

It is difficult to define what Baroque or the Baroque style is. In the history
of the arts, the Baroque style emerged after late Mannerism had degener-
ated into sheer mannerism with its perverse artificiality, which was fol-
lowed by Classicism. To put it bluntly, the Baroque is more naturalistic
or realistic than Mannerism (sophisticated fancy) and is conspicuous in
the decorative arts and exuberant with vehement passions compared to
orderly and rigid Classicism.?> Here I do not concern myself with the nag-
ging issue regarding the Baroque. Referring to the innumerous plicae that
are carved in Bernini’s sculpture is enough to suggest what the Baroque
style is. Following Gilles Deleuze, a French philosopher, who pondered
Leibniz and the Baroque by focusing on the fold, I designate the folds or
plicae as a privileged trait of the Baroque.? For the fold entails and repre-
sents a series of the principal features of the Baroque, that is, a decorative
impetus to an excessive degree, kinetic dynamism, expressive emotions,
the mixed passions of agony and rapture, infinity of space, the plasticity
and elasticity of the mass (materials), and the stage effect of light and
darkness.
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The age of Baroque also applies to the history of anatomy—the era
between the Manneristic style of anatomical tables typified by Vesalius and
the Classicism of the eighteenth-century anatomical tables, an example
of which is the gentle look of the skeleton-man in Albinus’s anatomical
plates.* Since Vesalius’s anatomy of the human body, anatomical tables
had become increasingly accurate while they polished ornamentalism to
an excessive degree. This tendency can be easily seen in the anatomical
plates of anatomists such as Juan de Valverde de Amusco (¢.1525-1616),
Adriaan van den Spieghel (c.1578-1625), and Pietro Berrettini da
Cortona (1596-1669), if you observe them chronologically.® These ana-
tomical illustrations already possessed the naturalistic trait seen in mod-
ern anatomical tables and had been an excessive decorative impulse that
modern anatomy lacks. Particularly, during the earlier age of Baroque
anatomy from the late sixteenth century to the early seventeenth century,
the peculiar propensity for the decorative garment is striking: the pose
of the self-dissecting figure in which the man is simultaneously dissected
and dissecting himself to reveal the interior of the body by peeling one by
one the skin and the musculature from the body has been a cliché of ana-
tomical tables since the sixteenth century. Browne’s muscular flaying man
(écorché) is a direct descendant of the anatomical tradition of art.

Here let me distinguish the anatomical tables of the seventeenth-
century Baroque style from those of the Renaissance Mannerism, con-
trasting the two different motifs of flaying. The representative Mannerist
mode of flaying can be found in the famous figure of the flayed man
with his own skin by Valverde, a Spanish anatomist around the mid-
sixteenth century (Fig. 6.2). The man in the plate has a knife in one
hand with which he has skinned himself and holds up his own skin like
a trophy.® Needless to say, there is embedded the myth of satyr Marsyas,
who challenged Apollo to a musical contest and lost to be punished
by being flayed alive. This theme recurred in the arts of the sixteenth
and seventeenth centuries.” There is a difference between Valverde and
Marsyas in that Valverde’s flayed man ripped off his own skin while
Marsyas’s skin was forced to be peeled off by punishment. These two,
however, have much in common regarding the material skinned. The
outline of the face looms large like a ghost on the skin, which testifies
to the identity of the subject; Valverde’s flayed man seems to show off
another self. This can be seen as a variation of the “skin ego” advocated
by Didier Anzieu, a modern psychologist, according to whom the skin
is an imaginary unity and the organic reality to represent one’s inner
self.® Later Baroque anatomy lacks this theme. Furthermore, Valverde’s
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Fig. 6.2 Flayed man with his own skin, from Juan de Valverde de Amusco,
Anatomin del corpo humano (1560); Wellcome Trust Image Collection
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figure and Marsyas emphasize the point that the skin was just peeled off,
and therefore, the skin had been alive just before; the skin was living
and never a cloth or garment. This is all the more true because there
are no rumpled draperies in Valverde’s illustrations that are typical of
Baroque anatomy. How do we understand the transformation of the
mode of flaying from Mannerism to Baroque, from skin to rumpled
cloth? One answer can be found in the shifting idea of drapery in the
history of art.

Anne Hollander, a distinguished art historian, pursued the shifting
image and representation of dress and drapery in painting and analyzed
the meanings.” Hollander argued that drapery in painting until the fif-
teenth century was drawn faithful to nature not for a purely rhetorical
purpose; it was not until the sixteenth century that drapery was released
from the restraint of nature and enjoyed its own artistic life.!® Drapery
here did not represent the naturalistic image of fabric but came to express
the artistic, and sometimes unrealistic, rumples and folds based on the
pictorial rules; drapery became independent of nature as a purely pictorial
element. This kind of pictorial drapery sometimes intensifies sensual qual-
ity or represents the spiritual holiness in a religious picture. For instance,
in Caravaggio’s The Death of the Virgin (1604), a colossal crimson drape
hovers over the space above, which has no particular practical function;
these draped folds as a “visionary fabric” seem to represent the visionary
presence of angels and God, once the theme of the religious picture.!! This
type of drapery has an organic relationship with the picture by reinforcing
its theme, enhancing the drama that happens in the picture or in the mind
of the characters. In the later part of the seventeenth century, however,
drapery further steps forward to be employed for its own sake. An earlier
example can be seen in Anthony van Dyke’s The Countess of Castlehaven
(c.1635-1638).1> The green drape the Countess holds is extremely non-
realistic; it behaves like a living animal struggling to fly upward away from
her hand toward freedom. It seems that she is trying to domesticate her
pet that is unwilling to remain within her grasp. The upward-standing
figure of the drape against gravity fails the soft texture it supposed to have.
According to Hollander, by the end of the seventeenth century, the motif
of drapery for its own sake became standard in European portraiture.'?

It could be argued that the folds in drapery in Baroque anatomy sit
abreast with those of Baroque arts, for they both had an autonomous
presence. The figure of drapery in anatomical tables might initially func-
tion to mitigate for viewers their fear of the cruel act of flaying alive with
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artistic decoration; however, during the Baroque era, when the presence
of drape and the garment intensified, the skin became the cloth and vice
versa. The garment that had had a purely decorative function came to
express the skin-membrane—tissues or musculature living its own life. The
ambiguity seen in Browne’s drapery, whether it is the skin or the cloth, can
be explained in part as a feature of contemporary Baroque arts.

Pointing out the ethos that anatomy and the arts shared, however, is not
sufficient to explain the crucial difference in anatomical tables before and
after the late seventeenth century. Although Browne’s plates were pub-
lished in the end of the seventeenth century, most were appropriated or
plagiarized from the earlier Baroque anatomy of Casserio and Spieghel; in
this sense, Browne’s work was the culmination of the “Baroque Anatomy”
in its strict meaning. This version of Baroque anatomy disappeared from
the stage of anatomical illustration around the turn of the century along
with a flamboyant écorché. At around the same time that Browne’s anat-
omy was published, a different version of anatomical Baroquism emerged.
The critical presence of the garment-skin is as significant as before, but
the emphasis shifts from the theatrical presence like a hanging banner on
the stage to the ever-subtler texture of the skin-cloth. Govard Bidloo’s
Anatomin humani corporis (1685) is the exemplary case of this version
of Baroque anatomy (Fig. 6.3); the various textures of tissues, such as
the skin, epidermis, cuticula, coat, adipose membrane, hair, and pattern
of the finger (fingerprint), are finely illustrated; these textures cannot be
observed without magnification with a microscope. These membranes
of the micro Baroque differ from Browne’s high Baroque garment-like
membrane. As will be explicated below, this micro-anatomy had a signifi-
cant effect on fiber medicine and the fiber body of the eighteenth century.

2.2 Micro-Anatomy and the Discovery of Texture

As demonstrated in Chap. 1, during the latter half of the seventeenth
century, natural philosophers and anatomists met the micro-world of the
textures of the living body thus far unfamiliar to them through observa-
tions with a microscope and the anatomical technique of injection. Here,
by elaborating on this argument, I shall find a thread that stitches the
anatomical tableau to the Baroque mode of arts.

The history of the microscope is very interesting; it suddenly attracted
much attention from scientists (and virtuosi) around the 1650s and
1660s only to disappear from the major scene of scientific activity within
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Fig. 6.3 The various textures of tissues, from Govard Bidloo’s Anatomia humani
corporis (1685), table 4; Wellcome Trust Image Collection
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three decades to the great disappointment of corpuscularian philoso-
phers. Microscopic investigation into nature’s hidden secrets (i.e., the
specific shape or configuration of the matter/corpuscle) was ultimately
a failure, but it brought forth new dimensions and new experiences of
the surfaces of the sub-visible world, which led the viewer to forge the
new language for newly discovered micro-worlds.'* When microscopists
observed the finely woven texture of micro-worlds, these textures of sub-
stance seemed to resemble those of textiles or woven fabric of the ordinary
world. Microscopists had to borrow from common language terminology
or metaphors to make sense of the otherwise unintelligible micro-world;
the old correspondence between macrocosm and microcosm underlain by
the system of external resemblances was replaced by the weirdly familiar
semblance between the visible and invisible worlds.'® A set of metaphors of
textiles and weaving was really an apt choice, for the substance (especially
the living body) was, on closer analysis, seen to be woven just like embroi-
dery, or the garment. Thus, the microscopic world is filled with textile
terminology unique to woven fabric. Robert Hook’s Micrographia was an
exemplary case of this, and the book’s success rested on the outstanding
details of the subtle texture of matter (both verbally and pictorially—but
the visual representations are more striking).

It is natural that microscopic observation extended to the field of
anatomy contemporary to natural philosophers, for most anatomists felt
a pressing need to use the microscope for observation of the apparently
hidden tissues of the living body. In the 1650s, anatomists had discov-
ered new vessels, lymphatics, and glands that even Vesalius could not
see, which had been a great blow to the long-standing knowledge of
Galenic anatomy. In the 1660s, anatomists increasingly looked through
the microscope encouraged by these discoveries to resolve a mystery of
animal economy on the micro-level. Among others, Marcello Malpighi,
an Italian anatomist and physician, made a huge contribution to micro-
scopic anatomy.!® In his essay on the lungs (1661), Malpighi discovered
the capillary network on the membranous vesicles of the lungs, through
which the arteries and veins communicate.!” This discovery was crucial
to evince the circulation of the blood advocated by Harvey but never
empirically confirmed. Since then, Malpighi found, one after another, the
very finely textured structures in various tissues of the kidney, the spleen,
and the cerebral cortex with the aid of the microscope and the injection
technique. In so doing, he discredited the established idea of parenchyma
that had been conceived as a mass of coagulated blood but in reality
were a network-like composite structured by membranes, vesicles, and
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Fig. 6.4 The brain of a swordfish, from Marcello Malpighi, Opera omnin (1687)
(De Cerebro, tom 11 page 120); reproduced with permission of the Department of
Biological Sciences, Graduate School of Science, The University of Tokyo

capillary vessels.'® Malpighi dissected the brain of a swordfish and found
that an outer membrane of the optic nerve appeared to be folded like a
piece of cloth, which might recall Bernini’s rumpled garment (Fig. 6.4).
To be fair with Malpighi, he rejected the idea shared among other anato-
mists that the tiny filaments as the building unit constituted the living
body; instead, Malpighi assumed the smallest glands were the fundamen-
tal unit of the body. Malpighi’s texts, however, are imbued with the meta-
phor of clothes and the image of weaving. Plant anatomy plates, in which
Malpighi competed with Grew, also show that plant tissues are wholly
woven of fibers; for example, the oak bark is weaved and composed of a
network of fibers that run longitudinally and transversely, and Malpighi
compared it to a mantle.” The assumption was widely shared among



THE FIBER BODY AND THE BAROQUE: THE ANATOMY OF MEMBRANES... 187

anatomists and microscopists that Nature or God stitches or weaves the
natural living world with threads and needles; in other words, the body is
a woven fabric knit by filament-like fibers (see Chap. 1).

It is important to note, here, that the image of the body woven by
filament-like fibers necessarily invokes that of the cloth or the garment.
The body, in this case, wears a piece of cloth not on the outer surface (the
skin) of the body but inside it, in the deep hidden space invisible to the
naked eye. The skin, here, does not represent the ego (as in the case of
the flaying of Marsyas) but becomes part of the membrane-garments that
cover the body; the skin itself is disintegrated into many layers to lose its
identity. Thomas Willis, an English anatomist renowned for his work on
the anatomy of the brain, spends many pages describing and illustrating
the “coats” composed of various fibers; the stomach and the esophagus
are composed of three layered coats, nervous, fleshy, and membranous,
which have their respective functions.?® The innermost coat is woven by
the nerve-fibers just like “a certain Down,” and the function of this coat is
sensation; the next coat is woven by fleshy fibers, and the function of this
coat is motion; the last coat is woven by membranous fibers, and the func-
tion of which is to cover and bind the whole for firmness and strength.?!
The technical word “coat” for anatomy reminds us of the image of clothes
as if the stomach and the esophagus wear several layers of cloth. In fact,
Willis repeatedly employed the metaphor and the analogy of weaving and
textiles; the nervous coats are compared to “shaggie Silk,” and the ventri-
cle is compared to a long sleeve with a large bottom (“like a Sleeve with a
more ample bottom”) spreading with a short top.?? A series of metaphors
related to weaving or textiles, such as knitting, interweaving, interwoven,
cloth, net, web, and wreathed, recur in Willis’s texts. Willis himself was
clearly aware that the coats are just like garments: “The Ventricle being
after this manner like a sleeve, [is] made up of its three Tunicles, as it were
a threefold Garment.”?* The word “Tunicles” here is used in the sense of
membrane and the liturgical vestment.

In this way, subtle anatomy by microscope reveals the way that the
body, whether outer or inner, is wholly covered with membrane-textiles.
The overwhelming presence of cloth-membranes inside the body and
an obsession with textiles epitomize the Baroquism of micro-anatomy.
Bidloo’s anatomical plates could be considered the culmination of micro-
anatomy developed since the 1660s.

It might be argued that behind the discovery of texture in micro-
anatomy was the sensibility of the Baroque, or that these discrete phenom-
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ena happened to meet in the figure of the garment. One such example of
the intersection of anatomy and Baroque sensibility can be seen in Samuel
Collins’s anatomy work.>* Collins adorned the inner parts of the human
body with finely woven textiles in his impressive comparison of the human
body with an elegant building. The furniture-like human body described
by Collins is covered by cloth-membranes in a Baroque way. The body is
divided into several layers of “floor” and “apartment” and is decorated
with “fine hangings” and “choice furniture.”? For instance, “cuticla” is
compared to a fine “Vest,” and the “soft Pillow” is employed for adipose
membrane.?® Taki Koji, a Japanese cultural historian, once said in an essay
on the cosmos of cloth that the living space of the ruling classes of the
seventeenth century was covered by cloth from top to bottom, and that
they felt pleasure from living in or with such a space full of Baroque cloth
or textiles.?” Collins’s furniture-like human body tries to domesticate such
a Baroque pleasure. Collins’s comparison of the interiors of the body to
domestic interiors suggests the process to domesticate the body experi-
enced from the later seventeenth century onward: it is a double process
of domestication —in one process, the body (especially the inner one) is
literally assimilated to domestic materials, including textile fabrics, and,
because of that (and this is the second process), the body is increasingly
domesticated?® and, by implication, femininized, to which the idea of the
woven body is closely related.

Around the turn from the seventeenth to the eighteenth century,
knowledge of micro-anatomy was appropriated by medical theorists such
as Baglivi and Boerhaave, who endeavored to construct a new theory
based on the fiber (see Chap. 2.). In the next section, which focuses on
the elasticity and the folding structure of membranes, the interrelation of
fiber medicine with Baroque sensibility is explored.

3 THE ANATOMY OF MEMBRANES AND
FoLps IN FIBER MEDICINE

3.1  Power of Membranes

Once the idea of the fiber-woven body permeated the minds of anatomists
and physicians in the eighteenth century, the image and the metaphor of
cloth, textile, weaving, and their cognates are rampant in depicting and
dissecting the body; among others, the membrane and the coat, due to
the strong and natural association with cloth, overlapped with the image
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of textiles. Cheyne recounted how the least “Fibres” or “Threads” were
“plaited and twisted together” into larger sensible fibers, which were
“woven into a fine Web, like Cloth, to make the Membranes.”?® The mem-
branes appeared to be like a “sheet,” for Boerhaave, where the filaments
and fibers were closely interwoven “as in Linen.”3® The multilayered com-
position of the coats seen in the work of Willis and other seventeenth-
century anatomists remained the same in the next century; the membranes
or the coats of the stomach and the esophagus divide into three or four
layers. The periosteum, the very thin coat like a spider’s web, turned out
to be a complication of various vessels and fibers interwoven together.?!
The membranes are knit together not only by fibers and nerves but also
by blood-vessels. Quincy’s description of the membrane where veins and
arteries are entwined and meandering together (“serpentine Progression”)
to make “a most agreeable Embroidery” may recall picturesque aesthetics,
and its luxurious pattern with rumpled cloth may invoke a Baroque sensi-
bility.** And yet, the extremely thin and transparent texture of the mem-
branes suggests a fragile and vulnerable quality instead of the extravagant
and bombastic dynamism peculiar to the Baroque. The delicate texture of
the membranes appears to be incongruous with the energetic movement
of Baroque aesthetics, but that is not true. The fiber body derives its vigor
and exuberance from the membranes.

As I fully demonstrated in Chap. 3, the concept of the elasticity of ani-
mal fibers holds the key to the mysterious movement of animal economy.??
Life would not last a minute without this elastic power of fibers.3* Elasticity,
often identified with tension or tonus, extends its power beyond the fiber-
threads to the membranes, the vessels, and the whole solid. In particular,
the membranes, despite an inherent thinness and apparent fragility, were
supposed to be endowed with elastic power. Eighteenth-century fiber-
theorists saw the membranes as a web-like tissue composed of various
vessels and fibers. According to Boerhaave, membrane in Greek designates
“a very pliable Body” and is nearest to cartilage, which possesses hardness
next to bone but is more pliable and “most Elastick of any Part” of the
body.? The growth of a fetus clearly indicates that membranes are chang-
ing into cartilages.?® James Douglas argued that the peritoneum consisted,
like other “Membranes,” of “a fine Contexture of Elastick Fibres,” and
therefore was capable of “a great Dilatation and Contraction.”?” According
to another anatomist, membranes enjoyed elasticity and sensation from
the nerve-fibers that composed them, which contracted the membranes.38
James Drake believed the membrane of the stomach that it was made of
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nervous and muscular coats, but as these coats were not “Contractile,” the
contractile power (elasticity) lay in many “ Wrinkles” and “Folds” on the
surface of the membrane.?” Thus, the membranes that eighteenth-century
medicine saw were full of elastic power despite their delicate texture.

The medical philosopher most deeply committed to the theory of
the membrane was probably Cheyne. Cheyne had exalted the elasticity
of fibers as the noblest organ of animal economy®’; in later in life, he
came to specify the membrane as the crucial agent of animal function:
“Membranes...are the true and only Seats of Spring and Elasticity, and
the proper immediate Instruments of Motion and the Functions in ani-
mal Machine.”*! Cheyne considered “Coats and Membranes” “the great
Organ” for the animal machine to run.*?

Eighteenth-century medicine sought an intermediate substance to fill
the gap between the mind (soul) and the body broached by Cartesian
dualism and found nerves and fibers as such an agent. Cheyne, too,
accounted for the interaction of the soul and the body with recourse to
the agent of the nerve-fiber that was derived from the brain, the seat of the
soul. Cheyne, in his later works, however, came to regard the membranes
or “the membranous Coats” (which is tautological terminology) instead
of the nerve-fibers themselves as a true instrument of animal function.*?
This is probably because the vibration theory on which Cheyne had ini-
tially insisted—a theory that the stimuli outside are transmitted to the soul
by vibrations of the nerve-fibers, and the soul transmits its order through
the nerve-fibers through vibrations to the muscles—was rejected by medi-
cal authorities such as Boerhaave and von Haller, who contended that the
nerves derived from the soft pulpy substance of the brain were not tight
like a piano string. Cheyne argued against this idea, drawing on the elastic
power of the membrane:

Because the Brain is pulpy, and the Nerves lax, some have thought both
unfit for receiving or communicating Vibrations or Undulations, not con-
sidering that the great Activity of both lies in their Membranes, that involve
every the least Fbiril or infinitesimal Nerve: they are all included and tied, as
it were, in a membranous Bag, and fasten’d together by Threads of the same:
And every one knows, Membranes are the most elastic, and fittest to transmit
Vibrations of all Bodies whatsoever; their internal Substance is probably ce/-
lular, like the Pith of a Rush, design’d only to separate a milky Substance,
(which the Ignorant call the Liguidum Nervosum) intended to preserve
their Elasticity, Glibness, and the vibrating Powers of these Membranes, in
which their mechanical Virtue alone consists.**
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Membranes, not nerves, transmit the impulse of vibration or undula-
tion. No one realizes the “wonderful Texture and Mechanism” of the
membranes, but everyone knows that membranes are the proper tool for
transmitting vibrations for their elasticity.* The intelligent principle or
the soul acts on the body-organ by way of these “infinitesimal membra-
nous Sacculi” or “membranous Coats,” the “elastic and energetic Virtue”
of which enables “Vibrations, Undulations and Tremors” to transmit
throughout the body.*¢

Thus far, I have shown that the membranes were endowed with the
power of elasticity; however, this recognition does not automatically lead
to the vibrant, effervescent motion of the garment typical of the Baroque.
For the invisible infinitesimal membranes are buried in the micro-space of
the micro-body, unlike the rumpled drapery that creates a majestic pres-
ence in the air. And yet, the Baroquism of the membrane and the fold
can be found in this infinitely small micro-space, where the membrane is
folded ad infinitum, especially in the theory of preformation, the topic I
pursue in the next section.

3.2 The Folds and Folding ad infinitum, or Preformation

The most nagging issue for seventeenth-century mechanical philoso-
phers was the problem of generation of life, for a machine could not
reproduce itself unlike living beings. Descartes almost in desperation
advocated a mechanical version of epigenesis by means of fermentation
and condensation that proved to be wholly unsatisfactory for elucidat-
ing the mysterious phenomena of life. Then, the preformation theory
arrived to resolve the dilemma.*” The preformation theory, or simply
preformation, assumed that God at the beginning placed (or preformed)
all germs or embryos in miniature in the loins of our forebears to be
born and developed at a precise moment; all future germs of the same
species are encased in the parents—the germs containing within them-
selves further germs, which, in turn, contain other germs, much like
Russian dolls or Chinese boxes, and the process continues ad infinitum.
The theory of preformation, as it were, replaces the explanation for
the mysterious phenomenon of generation with creation by God’s fiat,
which is supernatural. Although it sounds superstitious to our minds,
the doctrine of preformation enjoyed huge popularity among scientists
in the latter half of the seventeenth century. For the idea conforms
to the mechanical idea that nature is infinitely divisible and endorses
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the theological doctrine of original sin since preformation proves that
original sin had already pre-existed in our first parents, Adam or Eve,
the first sinners.

Nicolas Malebranche, a Cartesian priest, first advocated the preforma-
tion doctrine of encasement. By examining the germ of the tulip bulb,
Malebranche discovered that it contained the different parts of the tulip,
and from this, he reasoned that the germ may contain all future germs
since germs contain seeds. This is also true of animals: “Perhaps all the
bodies of men and animals born until the end of times were created at the
creation of the world.”*® Malebranche’s idea of preformation was scientifi-
cally backed up by the findings of microscopic anatomy contemporary to
him; among others, Malpighi’s observation of the formation of chicks and
Jan Swammerdam’s remarkable study of insects under a microscope had a
great impact on Malebranche’s theory of encasement.

Swammerdam’s anatomy of insects revealed the folding structure of the
membrane—how the membranes were folded together in an orderly man-
ner in a very small space. He inspected with an astonishing skill the bodies
of “insects,” such as ants, flies, bees, beetles, and frogs, under the micro-
scope. Taking the metamorphosis of insects from larva to nymph (pupa)
and then to adult as a seamless process through which the same “insect-
animal” develops or enlarges, Swammerdam punctured the superstitious
idea of spontaneous generation to explain the mystery of insect genera-
tion. According to him, all the future organs of the adult body, such as
the legs, wings, trunk, and antennae, are intimately folded inside the tem-
porary skin (the cuticle); these bodily organs are packed in an extremely
intricate and astonishingly beautiful manner in the larva or nymph.*
Swammerdam’s majestic The Book of Nature; or the History of Insects is
suffused with the vocabulary peculiar to preformation, such as “folding,”
“folded,” “enclosed,” “folds,” “plaits,” “wrinkles,” and “unfolding.”*
More than words, however, visual representations make a profound impact
on viewers, who, having seen the drawings of insects made with astound-
ing precision, might be persuaded themselves of the doctrine of preforma-
tion. The detailed and sophisticated illustrations of bee and fly nymphs
successfully convey the way that all the bodily organs are folded and pre-
formed. The illustration shows the later stage of the nymph (pupa) of a fly;
part a represents “the antennae with their joints,” & “the eyes, which are
now arrived at full size,” 4 “the first pair of legs, beautifully folded,” and
f“under the latter [pair of legs], again appear the wings, and their artifi-
cial convolution and beautiful folding”®! (Fig. 6.5). Such a picture of fold



Fig. 6.5 The nymph (pupa) of a fly, from Jan Swammerdam, The Book of Nature
(1758), table 16; reproduced with permission of the International Center for
Japanese Studies (Nichibunken)
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after fold, pleat after pleat, in multiple layers in encasement to await future
unfolding at an appropriate time not only proves the doctrine of preforma-
tion but also provides a striking image of encasement. It is no wonder that
fiber-theorists of the eighteenth century, who were obsessed with fibers
and membranes, made themselves master of this image.

Eighteenth-century fiber-theorists attempted to account for the process
of the generation of living beings with recourse to the image of preforma-
tion (encasement). How are solids, which were composed of innumer-
able small filament-fibers that are extremely pliable and elastic, generated
and grown? The theory of preformation conformed to mechanical phi-
losophy, for preformation assumed that the smallest organism or machine
furnished with vessels and organs to be expanded in the future was com-
parable to the germ in plants. Most fiber-theorists called this primordial
organism “stamina,” a kind of essential part of the body preformed from
the beginning, distinguishable from the accidental parts that were later
added by nutrition, which had been lodged in the loins of Adam. Here,
Swammerdam’s image of un/enfolding in encasement was overlapped
with that of the fiber body that was woven by innumerable fiber-threads
and fiber-membranes.®?> Endowed with the power of elasticity, the fiber-
membranes are capable of folding/unfolding ad infinitum within and
without themselves.

Cheyne, a philosopher of membranes, advocated the doctrine of pre-
formation beginning in the early years of his career.>® Cheyne assumed
that in the loins of Adam were the innumerable number of “animalcules”
that had been growing to maturity since then, an unimaginably infinite
number of animalcules occupied a space only as large as the point of a
pin.>* The minute animalcule, the miniature of man, had been folded in
the form of membranes; at the appropriate time, the power of the fluids
running in the solids increased enough to push up or unfold the folding
membranes to grow or develop, which precisely resembles the process of
transformation of insects:

That some of the Solid Parts of the Animalculs are as it were folded and
wrapped up in Plaits, and these Folding are wrapp’d together by surround-
ing Membranes, which in process of Time are rent and torn, by the encreas’d
Force of the Fluid and Augmentation of the Solid Parts; As is commonly
observ’d in the Transformation of all Insects: And that the Nervous Fibres
are capable only of a determin’d Degree of Tension, without losing their
Elastick Power of bursting; which Degree of Tension answers commonly to
the Usual Dimensions and Bulk of the Species of the Animal.®
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Cheyne elsewhere contends that growth is “nothing, but the unfolding
of the original Membranes and Fibres.”*® The original membranes are
identifiable with animalcules or stamina. A fiber body composed of fiber-
membranes can be said to be a product of en/unfolding of the infinitesi-
mally small “original Membranes,” and the degree of tension or elasticity
that the membranes enjoy determines the original makeup of the body.
Fiber-theorists saw in a chain of generation of encasement theory the
image of rumpled membranes folded ad infinitum.

3.3 Lyonet’s Muscles of a Caterpillar,
Cheyne’s Glorious Garments

A fiber body has an affinity with the encasement structure not only in the
process of generation and growth but also in the way that the fiber body is
composed by fiber-threads and fiber-membranes, in which the threads make
the membrane (surface), which, in turn, makes the larger thread-like canal
or vessel, and which next produces the second-level membrane—this pro-
cess continues ad infinitum. The way that the threads and the surfaces are
intricately entangled and easily reverse each other evokes something similar
to the encasement of the preformation theory. Boerhaave asks, what is a
muscle? It is composed of the arteries, the veins, the nerves, the lymphatic
ducts, and the like. Then, what is an artery? It is something membranous;
then, what is a membrane? It is “the Texture of all Kinds of Vessels.”®” The
vessels are interwoven by various kinds of membranes, which are variously
interwoven by the fiber-threads, and then this resembles an unending pro-
cess of encasement: “a Vessel which is a Membrane, and which Membrane
is composed of other Vessels, and those Vessels of other Membranes; which
Membranes again are composed.”®® In addition, the fiber-membranes capa-
ble of expansion and contraction are folded up to make pleats.

It seems almost impossible to visualize this intricate structure of a
fiber body. The image of the Vascular Man—the blood-vessels and nerves
running all over the body outline the contour of the human body—was
still popular in eighteenth-century anatomy, but however sophisticated
this vascular man becomes, the result would be inadequate for a pre-
cise description of the figure of the fiber body. One possible example to
illustrate the style of encasement that the fiber body embodies, however,
is provided by Pierre Lyonet, the Dutch natural historian, theologian,
and art collector, who painstakingly dissected the caterpillar of a single
species (the great moth) and beautifully illustrated it> (Figs. 6.6 and
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Fig. 6.6 and Fig. 6.7 Caterpillar’s internal anatomy from Pierre Lyonet, Traité
anatomique de o chenille, qui ronge le bois de saule (1760), table 6, 8; reproduced
with permission of Université de Strasbourg, Service Commun de la Documentation
(France)



THE FIBER BODY AND THE BAROQUE: THE ANATOMY OF MEMBRANES... 197

=

Planche FUT

Chuenills vzt par bn don

Fig. 6.6 and Fig. 6.7 Continued

6.7). These extraordinary detailed drawings and engravings based on
his careful examination of the caterpillar’s internal anatomy through the
microscope required two and a half years of labor. The anatomical illus-
trations of insects and plants of the seventeenth century were marvelous
enough to be reused throughout the next century; Lyonet’s amazing
illustrations of the insect, however, were a rare case that surpassed those
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of the former age.%® Especially, what most attracted the viewer’s eyes was
the intricately structured muscles that are folded up together like a maze
but are at the same time arranged in order.’! The internal anatomy of
the musculature of a caterpillar appears to be geometrically patterned;
the multilayered floors with cellular rooms, divided by the somites, are
cramped with the innumerous branches of muscles that are divided into
three kinds, which might remind one of the slave ship contemporary to
it. The way that the muscles of the caterpillar are jam-packed together
to fold and be folded with each other seems to resemble the texture of a
basket instead of that of the muscles, but when we observe the full-scale
drawings instead of the reduced ones, we can discern the minute texture
of the muscles that seem to enjoy some degree of elasticity peculiar to
muscular fibers.

Lyonet meticulously counted each muscle of a caterpillar—for instance,
228 for the head, 2066 for the intestinal tract—and finally reached the
total number, 4041.9* Lyonet further imposed on the musculature the
nervous system and the various branches of the blood-vessels. The resul-
tant plates (pl. 9-11) are a kind of transparent cloth instead of fleshy
touch probably due to the extreme complexity, but still, they well repre-
sent the en/unfolding style of encasement, for they draw an immensely
complicated pattern derived from the entanglement of the nerve-fibers to
the innumerable branches of blood-vessels, and from further tangling of
these branches with the musculature. Plate 13, which shows the digestive
system, is also striking; on the cylinder shape of the tissue leading from the
gullet to the stomach and to the intestines appears the textured pattern
where the muscular fibers and the membranes are interwoven together.
Figure 3 of the plate is a picture of this pattern made flat on the surface,
which clearly shows an analogy with the textile pattern seen in micro-
anatomy. Thus, Lyonet’s astonishingly well-textured plates of a caterpillar
are a good, and probably the only, example for visualizing the figure of
encasement of a fiber body.

Lyonet’s choice of an insect for his investigation of internal anatomy
was probably not fortuitous, for eighteenth-century anatomists and physi-
ologists saw in metamorphosis the model of the radical transformation
of the body in the life after death. They evoked the image of an insect’s
metamorphosis when they imagined that the soul departed the body after
death and left for another world. Here, returning to Cheyne, let me exam-
ine how the imaginative power of the membrane extends to the life after
death.
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As stated above, when he was young, Cheyne supported the doctrine of
preformation. This position remained the same in his later years, but when
he mused again on the theory of preformation in his An Essay on Regimen
(1740), Cheyne concomitantly disclosed the spiritual dimension latent in
his carly career.®®* Some studies on Cheyne argued that occult or mys-
tic thinkers, such as Boheme, the Neoplatonists, or George Garden, had
influenced the formation of Cheyne’s mysticism.®* What is relevant here is
that Cheyne’s mystic thinking concerning the soul and the body is teamed
with fiber terminology, such as cloth, garment, membrane, fold, pleat, and
en/unfolding, which constitutes part of the Baroque style. Cheyne’s mys-
tic or spiritual view of the body exemplifies a version of the fiber-medical
Baroquism in which the body wears and casts off an article of clothing like
a muscular man in the anatomical tables.

Cheyne, in An Essay on Regimen, argued that “all created Spirits”
except God, which is purely immaterial being, had to possess the “body”
proper to them.®® The term body here means a kind of vehicle for the soul
that the Neoplatonists advocated or the Paulian notion of the “glorious
garment.” This vehicle of the soul, the “primitive Animal Body,” comes
into being in this world only by confining itself into the loins of Adams as
an infinitesimal point—this body is to be folded:

This spiritual animal Body, at first divinely organized, may be rolled up,
folded together and contracted in this present State of its Duration, into an
infinitely small Punctum Saliens, into a Miniature of a Miniature in infini-
tum, lodg’d in the Loins of the Male of all Animals.®

Spirits and their spiritual bodies are so intimately united in the original
creation that they would not separate from each other even in this secular
world.%” Our earth, our globe, however, is full of “Pain, Suffering and
Misery”; moreover, our bodies might inherit diseases and suffering from
our parents, or as long as we live on this planet, we are forced to imbibe
air noxious and deleterious to our body.®® As the spiritual animal body
lodged in Adam’s loins is extremely delicate and pliable, it would not
endure such a coarse environment as might wound the spiritual body. In
order to protect from such wounds or “injuries” that the spiritual body
suffers on this planet, another new body “Crust” is worn on the primi-
tive body (“the primarily divinely organis’d Vehicles”) just like a surgeon
lays a “Plaister on a Sore.”® This crust is equivalent to, as Cheyne else-
where calls it, the “Coat.””® The original animal body (the “/iner Root”
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or “the original, primary, divinely organis’d linear Fibrils”)” lodged in the
loins develops or expands at the proper time to form “the several new-
cloath’d Organs, Pipes and Springs.””? This “second Adamical machin”
is made of a very coarse texture or garment, and this coat becomes
denser, harder, and heavier by the continuing luxurious animal diet on
this earth.”® (Vegetable and milk diets are required against this degenera-
tion.) However, there are some advantages with this coarse new garment-
body; for this vehicle enables us to contemplate and admire the material
world God created, and to communicate with other people and polish our
virtue.”* Most cighteenth-century intellectuals assumed the soul could
not execute anything without the help of the body, the soul’s instru-
ment. Therefore, the second garment-body is simultaneously a prison for
the spirit and a place of ordeal for us to strengthen our mind and body
in this lapsed state.”” Through the severe trial of the body like diet, the
spirit begins to recuperate the original virtue, and in proportion to the
degree of recovery, the coarse plaster—crust—coat becomes drier and finally
crumbles into dust; in other words, the spirit gradually “drop[s] and puts
off this Adamical Tabernacle” and comes to put on a new cloth, another
vehicle, a glorious garment.”® This “third” glorious body or garment is
precisely at one with the primitive spiritual body (“they are one and the
same”), for it is the body resurrected at the last Judgment.”” The primi-
tive paradisiacal body (the “primary linear Stamina”) hidden beneath the
gross garment (“Coat or Crust”)”® develops into the resurrected glorified
body as a nymph metamorphoses into a butterfly. Thus, Cheyne’s mystic
cosmology of the spirit-body is like a theater of the spirit-body’s dress-
ing-up. The spirit and the body are folded, rolled up, wrapped up, and
sometimes unfold and expand in a garment, coat, crust, tabernacle, tegu-
ments, membranes, and other textures according to their need. It surely
encapsulates the spiritual aspect of medical Baroquism that the membrane
and the folds enjoyed.

3.4 Resurvection of the Same Body and
the Unchanging Membranes

The membranes of fiber medicine along with the concept of stamina
were appropriated in the contested realm of theological discourse to
support the sameness of personal identity and its related argument, the
resurrection of the same body. After Locke posited the basis of per-
sonal identity not in the immaterial substance (soul) but in the same
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continued consciousness inherent in “a thinking thing” “whatever
substance made up of,” there arose an uproar about what constituted
and endorsed the sameness of the individual throughout life and espe-
cially in the afterlife.”” The Lockean notion of the self as a fluid iden-
tity would, by dismissing the substantial soul as a criterion of personal
identity, cause big trouble regarding the possibility that one man may
become two persons. The corollary of this is that in the future state,
the same man would not necessarily receive the justice of reward and
punishment of this world as the Lockean personal identity violated the
principle of the resurrection of the same body (person) that it should
be the same his or her body, not someone else’s that is raised to receive
rewards or punishments after resurrection. But what is the body that is
resurrected? And how one can confirm the sameness and continuity of
it, while the material body always undergoes decay and alteration? For
instance, what body of a precise point of life does the resurrected body
embody? And which part of it? If my dead body is cannibalized, is it my
body or the person who ate my body that will resurrect? This is really a
tough question.

Most eighteenth-century intellectuals solved this thorny issue by rely-
ing on the medical concept of fiber-membrane-stamina and proved the
continuity of the same person during life and in the afterlife. The gen-
eral reasoning is as follows: even though we are subject to change during
life and our appearance continues to change, people can still identify our
appearance because we retain the same identity; therefore, there must be
an unchanging substance, the very core that would become the instrument
of the future body. From the medical side, this unchanging substance can
be referred to as stamina, which, as I observed, is the original and essen-
tial part of the solids distinguished from the accidental, additional parts
afterward added by nutrition. Clifton Wintringham, a physician at York,
touching on the Lockean issue of the identity of the same person, resorted
to the concept of stamina as proof of the sameness of individual iden-
tity: “whole Substance of the body, except these original Stamina of the
Animalcule, may be many times changed, and yet the real body continue
the same, and be possessed of the same personal Identity, with regard both
to Body and Mind.”%°

Conversely, from the theological side, the concept of stamina was
appropriated to explain the sameness of the body. The stamina hypoth-
esis was widespread among natural theologians of the eighteenth cen-
tury. Samuel Clarke, Newton’s friend, for instance, drew on this notion
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to prove the sameness of the body before and after death. Relying on
knowledge of microscopic observations and the doctrine of preformation,
Clarke maintained that “the original Stamina” containing all the solid
parts of the body continues unchanged throughout life,®! and that this
“minute insensible seminal Principle” hidden probably in the seat of the
soul shall at the resurrection “unfolds” itself as the incorruptible part of
the body so that there is no confusion of bodies.®> At the end of the
century, Thomas Morell, rector of Buckland, still clung to the stamina
hypothesis to refute the Lockean notion of personal identity and prove
the sameness of the body before and after death: “There may be perhaps
some original fibres of each human body, some stamina vitae or primaeval
seeds of life, which may have remained unchanged through all the stages
of life, death, and the grave.”%?

Isaac Watts also delineated the plausible account of the sameness of the
body wholly relying on fiber medicine and on the notion of the original
fiber-membrane-stamina:

[A] new-born Infant...has some original, essential, and constituent Tubes,
Fibres or staminal Particles...which remain the same and unchanged thro’
all the Stages and Changes of Life....And some [medical]| philosophers
maintain that the Growth of the animal Body is nothing but the Dilation
Stretching or Spreading of these essential and staminal Parts, these Fibres,
Tubes or Membranes, by the Interposition of new additional Particles.3*

One does not have to worry about cannibals or beasts that devour our
flesh and assimilate it to their nature,®® for the “membranaceous” parts
of an animal body (as some medical and natural philosophers maintain)
will not be easily digested; thus, they cannot be assimilated into the
blood or nutritive juices to form the constituent parts of other animals.3¢
These unchanging parts of fiber-membrane-stamina indestructible by
any force constitute the core of the same person that will be united with
the same soul in the afterlife.®” It is evident that Watts’s imagination of
membrane-stamina has affinity with that of Cheyne. Although Watts did
not make it clear that this original membrane develops into the glorified
body of resurrection, he had an implication of it as he assumed that the
soul in the afterlife needs some type of vehicle or garment—the mem-
brane becomes the garment, and the garment becomes the body. The
medical concept of the membrane lets its imagination take flight in the
realm of afterlife.
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4 Copa: DELEUZE AND THE FoLD

Gilles Deleuze, a French postmodern philosopher, once said about the
Baroque predicated on the philosophy of Leibniz that it is not the essence
but refers to the way that the folds generate to the infinite: “the Baroque
trait twists and turns its folds, pushing them to infinity, fold over fold, one
upon the other. The Baroque fold unfurls all the way to infinity.”®¥ There
are correspondences between several features, notions, and images of the
Baroquism on which Deleuze ruminated in The Fold and those of the
fiber body from the late seventeenth century to the eighteenth century.
A drawing, “The Baroque House,”¥ that Deleuze depicts to allegorically
illustrate Leibniz’s philosophy of folds almost literally applies to the fiber
body’s string-like structure: the soul seated in the brain corresponds to
the upper floor that “has no windows” and is “decorated with a stretched
canvas diversified by folds” while the lower floor of the matter corresponds
to the system of nerve-fibers that transmits or translates the material data
with “vibrations or oscillations” into sounds to the upper floor “as if it
were a musical salon.”? As I expound elsewhere in this book, the vibration
of the fibers equivalent to elasticity is a notion critical to fiber physiology.
Deleuze, too, touched on “a muscular conception of matter” that makes
an “clastic” spirit,”! and made an impressive statement on folding and
preformation:

Folding-unfolding no longer simply means tension-release, contraction-
dilation, but enveloping-developing, involution-evolution. The organism is
defined by its ability to fold its own parts and to unfold them, not to infinity,
but to a degree of development assigned to each species.”?

This passage has a strong affinity with Cheyne’s comment on preforma-
tion. (The terms “folding” and “enveloping” and the terms “tension,”
“release,” “contraction,” and “dilation” are also the principal notions
of fiber physiology.) The correspondence between Deleuze’s Baroque
of folds and the fiber body goes on—the fiber and the texture; in the
last chapter, Deleuze answered the question that what the most simple
form was to designate the Baroque that is defined by the fold going to
infinity—“the textile model of the kind implied by garments.””® He also
stated, when the folds of garments and clothing that encroach on every
surface of the material move out of the paintings to reach Bernini’s sculp-
tures, the marbles that make the folds to infinity are not defined as “an
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art of structures but of textures.”®* If so, when the imagination of the
fold that produces itself to infinity goes out of the arts to extend to the
realm of eighteenth-century medicine, especially that of Cheyne, his medi-
cal philosophy would not be characterized as iatromechanism or nervous
medicine, as customarily defined, but as the medical philosophy of the
fiber-membrane.

Thus far in this chapter, I have examined various materials of diverse
fields—Browne’s muscular man and its cloth-membrane, micro-anatomy
and its fold-cloth, the power of the membrane in fiber medicine, the doc-
trine of preformation and its ways of infinite folding—unfolding such as
Swammerdam’s folded pupa and Lyonet’s muscular structure of a caterpil-
lar, and the glorious body made out of membrane-garments. These seem-
ingly disparate discourses of knowledge and body in anatomy, medicine,
and culture are tied together by the texture of the membrane. If a garment
with folds is another word for membrane, it is arguably true that the fiber
body—the body interwoven by the fiber-membranes—is a product of the
Baroque.
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CHAPTER 7

The Fiber Body and the Culture of
Sensibility: From Nervous
Man to Fiber Man

1 Was THE EIGHTEENTH CENTURY A NERVOUS
CENTURY?

Was the eighteenth century a century of the nerves and the brain? This
question necessarily touches on both the medical field per se and the cul-
tural arena, since the thesis that the eighteenth century was predominantly
a nervous century is inseparable from the cultural formation of a “ner-
vous sensibility” and sympathy at large, which especially flourished from
the middle of the century. The most prominent advocate of this thesis is
undoubtedly G.S. Rousseau, a doyen of eighteenth-century studies, who
in his pioneering essay on the origin of sensibility first demonstrated that
sensibility can be traced back to the anatomical research on the brain by
Thomas Willis in the mid-seventeenth century. By placing the seat of the
soul squarely in the brain, Willis’s revolutionary brain anatomy paved the
way for the new Enlightenment project of the science of man, in which
a radically new idea that man is essentially a nervous creature is clabo-
rated in varied fields. The idea that man is nervous, controlled by noth-
ing other than the brain, was transmitted philosophically through the
sensational psychology of John Locke, himself a disciple of Willis, and
medically through Cheyne’s doctrine of nervous sensibility, as well as by
major figures of iatro-vitalism such as Whytt, Monro, and Cullen, along
with moral philosophers like Adam Smith. Further, the idea was promul-
gated by fashionable sentimental novelists such as Richardson, Sterne, and
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Mackenzie, who further popularized the nervous nature of the man of
feeling and the woman of sensibility.! According to this grand picture,
the long eighteenth century largely covers the age of the nerves and the
brain, in tandem with the development of nervous physiology. Rousseau
recently reinforced his view, stating that “[to] live in the world of the long
cighteenth century was to subscribe to brain.”?

This chapter examines this widely shared assumption, providing instead
an alternative way of thinking of the eighteenth-century medico-culture
in terms of “fiber” rather than the brain—nerve. After briefly offering some
problems Rousseau’s thesis embraces, I will propose that the fiber para-
digm or model is more applicable to eighteenth-century medico-culture
than the nervous one, first by surveying fiber medicine, and next by show-
ing the possibility of the brainless-sympathy, and finally by presenting a
body image that is pertinent to both mechanical and vitalistic medico-
culture. In so doing, I attempt to modify the hegemonic understanding of
the eighteenth-century culture as a nervous one.

1.1  Against Roussean’s Brain—Nerve Thesis

Rousseau’s brain—nerve thesis involves a couple of problems. For one
thing, Rousseau goes a bit too far into presentism in his treatment of
the genealogy of the brain—nerve paradigm as he draws on what might
be called “nervous evolutionism,” a parallelism between the progress of
human beings and that of the nervous system. In consequence, Rousseau
sometimes relies on the criterion of modern neurophysiology (“we are syn-
apses...we are our brain”) to gauge the Enlightenment nervous sciences,?
which distorts our understanding of the Enlightenment medical sciences.
Second, Rousseau takes too far the concept of the Enlightenment medical
program as one that was predominantly occupied with nervous physiology
and especially the physiology of perception (“a// Enlightenment physiol-
ogy was nerves”).* The Enlightenment physiological research program,
however, was not necessarily preoccupied only with nerves and perception
(sensibility); animal motion, or muscular movement, held a much more
important place in physiological research, especially in the first half of the
century (see Chap. 3). This research dealt with the thorny issue of how the
body moves or is moved, that is, muscular motions rather than sensation,
the fibers rather than the nerves. A good deal of physiological discussion
had nothing to do with nerves or sensibility. Consequently, Rousseau’s
preoccupation with the nerves leads him to misunderstand Haller’s physi-
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ological agenda: Rousseau takes Haller as one who privileged sensibility
and the nerves over irritability and the fibers; obviously this is not the
case.® Moreover, the privileged status of the brain and the nerves in the
anatomical research of the latter half of the seventeenth century is over-
emphasized; the dominant feature of the anatomical research of the era
was to search for an ever-finer texture of the body (see Chap. 1). Willis’s
anatomical research of the brain was only one of such investigations into
the body.

The third problem in Rousseau’s thesis concerns the validity of the
nervous body image in Enlightenment medicine. Simply, the image of
the nervous man doesn’t fit in the iatromechanical phase, in which the
fiber-based hydraulic machine, or vascular body, composed of a jumble of
pipes, vessels, muscles, and fluids with the muscular heart at the center,
is paramount. As Sergio Moravia in his seminal essay on the eighteenth-
century body image outlines, the eighteenth century witnessed a general
shift in body image from “Mechanical Man” to “Sensible Man” with the
concomitant shift from iatromechanism to vitalism.® Rousseau’s nervous
body seems incompatible with the mechanical man. The primacy of the
nervous system is made apparent, at least in theoretical medicine, from
the mid-century onward when the Edinburgh Medical School intro-
duced the agenda of nervous physiology in its medical program.” Before
the ascendancy of the nervous system in medical discourses, the solid-
body-machine was supposed to comprise the system of the fibers ot the
nerves. Even after nervous vitalism gained ground in the latter half of the
eighteenth century, the animal body did not fully dislodge the physical
substratum of the fibers, as seen in William Cullen’s or Erasmus Darwin’s
neuro-muscular-vascular system of the body in which the fibers still played
a critical role (see Chap. 4). Thus, the body image based on the nerves
does not appropriately represent the complicated, shifting body image
that the Enlightenment medical sciences trace.

Rousseau’s strong leaning to nervous physiology raises another signifi-
cant problem: the elision of the body. His emphasis on cognitive facul-
ties such as imagination, sentiment, sensibility, and passions might come
from his literary and cultural agenda, namely, that the European Romantic
movement, as well as the sensibility movement, was heavily indebted to
the Willisian brain—nerve revolution.® In highlighting these faculties, how-
ever, he severely cuts short the other important aspect of the agenda—the
body. In fact, in Rousseau, there seems to be a certain bent toward seeing
the nervous stocks (nerves, spirits and fibers) solely as the agents of the
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cognitive faculty in service of the physiological mechanism of perception.
Accordingly, his description of the nerve paradigm or discourse is greatly
devoted to nerves and sprits and leaves behind the fibers, the notion more
connected to the corporeal body, although his initial agenda mentioned
the fibers under the nervous stock. Rousseau initially states that “nerves,
fibers and animal spirits” account for human knowledge and behavior but
swiftly reduces this nervous stock only to nerves in saying that “nerves
alone can be held responsible” for them.” Indeed, Rousseau’s dismissal of
the fibers is symptomatic of his errors, for Willis himself puts the priority
on the fibers over the nerves in explicating the mechanism of the nervous
system: “Fibres...are the Organs of sense and motion. Yea, the acts of
their faculties are principally and more immediately executed by the Fibres
than the Nerves.”!® Willis goes on to argue that the fibers draw together
the muscles and other motive parts to cause motion while the nerves only
carry the order from the brain; likewise, the fibers immediately receive the
impression of things and represent it, while the nerves only transfer the
idea to the brain. Willis also emphasized the fact that fibers and nerves
appear at the same time in human development.! There are in Willis fur-
ther instances that suggest the primacy of the fibers: for example, in his
explanation of the mechanism of vomiting, the fibers, fleshy or nervous,
are deemed to be the primary organs affected.!? The fibers in Willis’s ner-
vous stock enjoy much more critical roles than Rousseau might suppose.

This leads us to the last problem, too great an all-inclusiveness of the
word “nerve” as it is used by Rousseau. Rousseau’s usage and meaning
of the term is confusingly and embarrassingly muddled; he sometimes
employs it in a modern sense, as apparent in his presentism, but also often
uses it in the broader (much older) sense, encompassing animal spirits,
fibers, and other related notions such as tone or tension. For example, he
discusses Mandeville’s idea that the tonic strength of the “nerves” differs
in men and women, whereas Mandeville in fact argues about the tone
or clasticity of “spirits.”!® It is inappropriate for other terms to be sub-
sumed under nerve, for this dissolves the necessary distinctions to be made
among them. Even the word nerve does not have a monolithic meaning;
nerve, as Rousseau perfectly understands, initially meant something “sin-
ewy” and “brawny,” hence strength rather than delicacy or sensibility; the
latter meaning was acquired as the eighteenth century progressed.

These sets of problems throw doubt on the validity of the thesis that
the eighteenth century can be called a nervous century. My proposal is
that it is much more appropriate to grasp eighteenth-century medico-
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culture in terms of fiber rather than the nerve. As I have demonstrated in
the preceding pages, eighteenth-century medicine puts a critical impor-
tance on fiber, forming what might be called fiber medicine—a medical
discipline including physiology, pathology, and therapeutics, informed by
the concept of fiber and its resultant theory of fiber. Nervous medicine,
or the medical theory based on the paradigm of the nerve, was only a part
of fiber medicine; and the concept of the nerve is derived from the idea of
fiber, not vice versa.

1.2 Fiber Medicine ov the Fibev Pavadigm: A Review

As the second part of this book fully demonstrated, eighteenth-century
medicine sets fiber on firm theoretical and practical ground. Throughout
the century, and despite the shift of medical philosophy (and concomi-
tant body model) from iatromechanism to iatro-vitalism, fiber body
stayed at the center-stage of eighteenth-century medical sciences. To
review, the genealogy of fiber medicine can be sketched as follows: it starts
with mid-seventeenth-century natural philosophers’ investigation of the
micro-structure of body parts through the microscope, which led them
to discover what they concluded was the ultimate building unit of the
body; crucially, it appeared to be a thread-like substance, and they called it
“fiber.” For them the bodily components were seen to be skillfully stitched
and interwoven by myriad tiny fibers just like cloth or embroidery. The
new understanding of the body as entirely woven by elementary fibers is
crystallized by Nehemiah Grew’s The Anatomy of Plants (1682), in which
Grew took a decisive step for fiber theory in, for the first time, clearly
articulating the complete fibrosity of the body and in amply employing
the textile metaphor. Grew’s view of the fiber-woven body entered into
the field of human anatomy by the end of the seventeenth century, find-
ing a clear expression in James Keill’s small textbook of human anatomy,
in which he announced a new criterion that “all the Parts are made up of
... Fibres.”!*

With the rise of solidism at the turn of the century, which conferred
active power on the solids, solid fibers were seen to assume the pivotal
function in animal economy, especially because the solid (the whole body)
was now conceived to be composed nothing but of fibers. In the course
of the eighteenth century, the concept of fiber advanced to occupy a
paradigmatic place among medical theorists such as Herman Boerhaave
and Albrecht von Haller. Accordingly, knowledge of the body was predi-
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cated critically on the fiber: the humors no longer played an important
part in determining the welfare of one’s constitution; instead, the solid
fibers (note not the nerves per se) were thought to hold a key to living
organism. Cheyne defined the fibers as “the least and smallest Threads in
the Composition, of which many unite to make one sensible Fibre,” and
designated the nerves as being “only some of these [sensible] Fibres.”!®
Almost all diseases, including nervous complaints so fashionable in the
century, were ascribed to either too rigid or too lax states of the fibers. As
Cheyne states, “Relaxation, Weakness, and want of Spring in the Fibres,
is the Origin of all nervous Distempers.”!¢ Health and illness depend on
the precarious conditions of fluctuating states of fibers, because the fibers
are susceptible to external stimuli (or environment), which is traditionally
termed “six non-naturals.” Cold air tightens the loosened fibers, while the
hot and humid atmosphere has detrimental effects to health!”; immoder-
ate passions and venery when indulged too much deprive the fibers of
their due tone and debilitate them!®; moderate exercise, by contrast, espe-
cially those kinds that bring about an oscillatory and shaking motion, was
regarded as the best curative and preventive virtue, since it gives a gentle
vibratory shock to the animal fabric so as to increase fibers’ contractile
power and strengthen their tension.!?

Within the fiber paradigm, the animal machine must move everywhere
in the body, that is, incessantly shake, vibrate, undulate, and pulsate?° for
the purpose of life, which depends on the due circulation of the fluids. The
most critical function of the fibers, therefore, is to involuntarily vibrate;
the property of this function is variously called “elasticity,” “tone,” or
“tension”—an innate property residing in fibers, by which they restore
themselves to their former state if they become stretched beyond their
natural disposition. Without this essential property of fibers, life would
not subsist but a few minutes.?! Even with the ascendance of iatro-vitalism
from the middle of the century, this general framework of fiber body virtu-
ally endured as most vitalists referred to the state of the tone of the solids
as the basis of animal economy, with the slight differences that the nervous
system takes the place of the solid fibers, and sensibility the place of elas-
ticity (but they continued to employ the words “tone” and “tension”).
Many complaints, including nervous ones, come from the relaxation of
the nervous system that wants the vital or nervous energies; the animal
body is in a constant oscillation and the therapeutic practices are con-
ducted to restore the unstrung nervous system to its proper tone by giving
it vibratory motions.?? Thus, health and life, in both iatromechanism and
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iatro-vitalism, are sustained by the vigorous motions of fiber-threads in the
form of “tone” or “vibration.”

Fiber’s critical roles are not limited to animal economy per se; the
realms of cognitive faculties are also explained by the fibers, which medi-
ate between the mind and the body. Some versions of fiber psychology
were developed from the late seventeenth century. According to Nicholas
Malebranche’s brain-trace theory, the movement of the animal spirits
occurring in the brain would change the order of its fibres, leaving traces
by imprinting on the fibers; animal spirits pursue these traces and bring
about cognitive phenomena. The condition of the fibers as well as the
movements of animal spirits are relevant to thinking and imagination.??
Vibration, a critical function of the fibers, is also relevant to psychology;
according to vibration theory, nervous fibers are furnished with a number-
less “Machinulae” for the purpose of sensation, which, if they duly vibrate,
transmit ideas or impressions to the mind.?*

It was also believed that fibers serve to determine the degree of intel-
lectual faculties (by implication social rank), the states of the temperament
(constitution), and gender differences, although it should be stressed that
malleability of the fibers excludes the sheer “nervous determinism.”?
Since everyone shares the same immaterial soul that is endowed with the
same faculties, a variety of the intellectual differences among individuals
should be ascribed to the condition of the soul’s instruments, especially
of the fibers and their makeup. The intellectual inferiority of Africans and
the natural stupidity of “Ideots, Peasants and Mechanicks” were said to
result from the unfortunate or improper makeup and texture of the fibers,
while genius’s superior intellect was supposed to derive from the “happy
Structure of the Fibres.”?¢ Likewise, the fibers were believed to contribute
to the different qualities of individual temperaments and the differences
between the sexes; if the fibers are strong and elastic, the individual has a
hot and strong constitution; if weak and lax, the individual has a cold and
feeble constitution.?”

In short, eighteenth-century medicine posited “fiber” as a structural
unit by which the body is successively knit and interwoven into an animal
machine that involuntary moves and vibrates by the very property of the
fibers. Fibers also contributed to the explanation of cognitive phenomena
and individual temperaments. Eighteenth-century medicine developed on
this fiber paradigm; medical discourses of the nerves only a part of this
general fiber paradigm.
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One might dispute this paradigm, however, by contending that it only
applied to the field of theoretical medicine and that Rousseau’s nerve
paradigm included the cultural, and especially literary, field against the
background of popular nervous practices in the consumer society led by
Cheyne, Whytt, Adair, and Trotter. These fashionable nerve doctors, like
the equally fashionable sentimental writers, served to diffuse the knowl-
edge of the nerves and, as Rousseau notes, an “ordinary person in the
street could quip about [the nerves]” in the world of “brainomania.”?
Certainly, there was a definite cultural phenomenon aptly called “ner-
vous sensibility,” but my point is that this nervous culture of sensibility
and sympathy was embedded not in the brain—nerve but in the fibers. In
fact, many of the literary representations of sympathy do not require the
brain—nerve circuit. I will show this by addressing the interlocking topics
mediating back and forth between medicine and culture (literature)—less
fascination with the brain, the medico-culture of sympathy without the
brain—nerve, and the mechanical sympathetic body.

2 SENSITIVE MEN AND THE FIBER BoDY

2.1  The Medico-Culture of Sympathy Without the Brain—Nerve

It is generally assumed that the brain—nerve crux, as the physiologi-
cal bedrock of nervous sensibility, underscored the culture of sensibility
and sympathy®®: sensibility and sympathy require the nervous system as a
medium, both medically and culturally. In many literary texts, however,
and especially those of sentimental literature (one of the core compos-
ites of the culture of sensibility), the brain as such was rarely referred to
or addressed, particularly as encomia. As Van Sant explains, this is partly
because the heart was substituted for the brain in popular vocabulary,
and partly because the gross physical structure of the brain prevented the
“refined” literary men from exploiting it as a literary device.?® Sentimental
literature abounds with the image of the heartstrings that vibrate, pul-
sate, and sympathize with other sentimental characters or scenes, but not
with the vibrating brain. The subtitle of The Beauties of Sterns, “selected
for the heart of sensibility,” is symptomatic of the fact that sentimental
literature capitalized on the heart, not on the brain.?! Even if the brain
was treated as part of nervous physiology in literary texts, say, in Sterne’s
Tristram Shandy, as Rousseau insists,* the principal focus is not on the
brain itself, but on the fiber-related images and metaphors such as the
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“threads,” “texture,” “web,” or “net-work” of the brain. I mention here
only one example addressed by Rousseau: the lucky or unlucky organiza-
tion of the body (brain) that makes the soul’s sameness appear to be differ-
ent. Sterne spells out a variety of medical doctrines concerning the soul’s
limitation according to the organization of the brain, but the expressions
he uses are fiber-based ones, such as that “the subtilty and fineness of the
soul” depends on “the finer net-work and texture in the cerebellum,” or
“a single thread of the net-work” of the brain that should be not broken.?
In another place, Sterne is more explicit on fiber pathology: “No man
thinks right whilst he is in it [ the body]” because of “too lax or too tense a
fibre.”3* Sterne’s nervous physiology is here predicated on fiber medicine.

Sterne’s exploitation of fiber-based language would suggest that sym-
pathetic affection does not require the brain—nerve circuit. For instance,
in France, when Yorick felt an intimate affection and fellow-feeling (i.e.,
sympathy) with a strange young girl of about 20 during his sentimental
journey, he felt that he was drawn to her by “fine-spun threads.”3® Sterne
comments that “Nature” “wove her [ Nature’s] web of kindness,” entan-
gling with “threads of love and desire,” without which “the whole web”
of kindness would be rent.3¢ Another example is from a poem on sympathy
written by Samuel Pratt, one of the very popular sentimental writers of the
age. Pratt confines the source of sympathy to the heart and puts into verse
the ways that the fiber-threads of sympathetic passion are spun and vibrat-
ing throughout the world as the medium of the “social pulse.”?”

The vision of the sympathizing heart spun and united by the fiber-
threads without having a necessary link to the brain is not limited to the
literary domain; medical theorists of the latter half of the century sub-
scribed to a similar idea. Seguin H. Jackson, extolling sympathy as a giver
of life in his essay on medical sympathy, argues that sympathy is not neces-
sarily related to the nervous system as one might suppose. Jackson defines
sympathy as an inherent quality of the moving fibers and the living solids,
disqualifying the brain and nervous system as the sole agent of sympathy.38
He further comments on the “vascular sympathy” by which the exter-
nal and internal extreme vessels (especially those of the stomach) find a
due balance and connection through the medium of the “sympathizing
heart,”® reminiscent of sentimental literature. Here, we might see the
influence of literature on medical discourse and not vice versa. Carter also
decenters the role of the nervous system in sympathy, admitting as another
agent of sympathy the cellular tissue and capillary vessels.*® Indeed, the
“cellular membrane” or “tissue” or “texture,” variously so called, was the
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new idea of the second half of the century, which spread widely among
medical writers as the universal connecting medium (see Chap. 4). This
fine membrane, web, or texture joins together all parts of the body, includ-
ing every minute fiber and vessel, so as to communicate all over the body,
in which every cell opens into all other cells that are contiguous to it.*!
The corollary of this is that sympathetic communication becomes imagin-
able without the brain center. Sterne’s remark in Shandy might be sugges-
tive: “I could perceive an attempt towards a vibration in the strings, about
the region of the heart.—The brain made no acknowledgment.”*

The idea of sympathy without the brain, conceived both culturally and
medically, might be made most explicit in the “mechanical” figure of the
sensible man with the sensitized body in the sentimental literature; the
man of feeling and woman of sensibility exemplify this. These sensible
characters are endowed with an extreme degree of sensibility and delicate
nerves for a ready sympathetic reaction to others’ misery, suffering, and
distress. Because of these sensible characteristics, they are usually associ-
ated with “nervous sensibility,” a cultural counterpart of nervous vitalism.
It is noted, however, that their sympathetic reaction should be involun-
tarily “automatic” and virtually “mechanical,” for the sympathetic impulse
or passion is said to be implanted by God in the heart of man as moral
sense. In this sense, their bodies’ reacting automatically with involuntary
physiological signs, such as shedding tears, palpitation of the heart, and
fainting or trembling concomitant to sympathetic affection, is very close
to that of animals in the cruel experiments of sensibility and irritability
conducted by physiologists; the bodies of animals also automatically and
involuntarily vibrate, tremble, or convulse as a sign of life (sensibility or
irritability) in reaction to the external stimulus applied by physiologists.
Although Whytt strongly denied Haller’s assertion that the irritability of
the muscular fibers was independent of the brain, and dissolved the dis-
tinction into a unifying principle of sensibility, what is striking about his
text about the vital (involuntary) motions is his intense obsession with the
ways in which the bare, irritable parts of the brainless body persistently
vibrate one after another in a vigorous reaction to the stimulus.** The
involuntary physiological reactions that the sensible man displays in sen-
timental literature are at one with those automatic irritable reactions that
the severed body parts of brainless animals display. Both reveal the signs of
life because of—not despite—“automatic” spontaneous reactions.

Although Whytt complained that the vital, involuntary motions
are misleadingly associated with those of the inanimate “mechanical”
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automaton,* the association is appropriate in the figure of the sensible
man, as mechanical automatic reactivity is one of the principal features of
his sensitized body. This “mechanical” feature of the sensible man is con-
sistently highlighted by sentimental novelists.** For example, Yorick mas-
ters a skill to translate the emotional signifiers of the body into words, and
through custom now performs this “short hand” skill “so mechanically”
that as he walks the streets, “I go translating all the way.”*¢ The more
interesting case with Yorick can be found in the episode referred to as
“The Passport,” in which Yorick is threatened with imprisonment because
he doesn’t have a passport, and incidentally encounters a speaking starling
hung in a cage, which repeats the phrase, “I can’t get out—I can’t get
out.” As a man of sensibility, he draws a deep sympathy and affection from
this encounter (“I never had my affections more tenderly awakened”).
Yorick is very aware of the mechanical nature of the bird, which auto-
matically repeats the same phrase, but inspires sympathy through mere
mechanical, automatic (trained) behavior, like Yorick’s translation skill
which is also mechanical (“Mechanically as the notes were, yet so true in
tune to nature were they chanted”).*” Yorick’s sympathetic identification
with a speaking bird (an artificial copying machine) signals the mechanical
nature of sympathy. It also indicates that the culture of “nervous sensibil-
ity” and sympathy does not necessarily involve the vitalistic idea of the
nerve-brain crux, the larger part of which draws on the “mechanical”
paradigm that epistemologically belongs to the fibers.

Yorick’s description of the speaking bird as singing is not fortuitous,
for sympathy and music are strongly concatenated in the analogy of the
stringed musical instrument. In the next section, I will unpack the consis-
tent body image analogized to the stringed musical instrument, in order to
reinforce the status of the fiber body as an exemplar of eighteenth-century
culture at large. This body image underwrites the continuity between the
mechanical and vitalistic phases.

2.2 Musical Strings and Musical Analogy

The analogy of the animal body as a stringed musical instrument was prob-
ably the most prominent and persistent body image in the entire course
of the eighteenth century, both inside and outside the medical field. The
animal frame was compared to the organ, the piano, the spinet, the harp,
the harpsichord, the clavichord, the violin, or other similar stringed instru-
ments; usually, the soul was likened to a musician, and the nerve fibers to
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the strings or the keys of the instrument. (The keyboard instruments like
piano might be categorized as stringed in the loose sense that the main
components of these instruments are strings.) Almost everyone shared
this new kind of metaphorization of the body as a stringed instrument.
Cheyne’s image of the musician in the organ case as the soul in the brain
is a case in point: “the Intelligent Principle, or Sou/, resides somewhere in
the Brain, where all the Nerves, or Instruments of Sensation terminate,
like a Musician in a finely framed and well-tune’d Organ-Case.... These
Nerves are like Keys, which being struck or touch’d, convey the Sound and
Harmony to this sentient Principle, or Musician.”*

As Jamie C. Kassler argued, the image of the body as a stringed musi-
cal instrument can be traced back to Hobbes’s natural philosophy, espe-
cially in his De corpore (1655), in which Hobbes, reinterpreting the Stoic
concept of “tonos”—a cohesive and binding force of pneuma by which
the universe, like a lyre, is bound by its stretched strings—conceived the
internal character of man as bundles of strings of different lengths and
tensions.* Hobbes’s image of the body as stretched strings, however,
scarcely seems to influence the formation of the eighteenth-century ver-
sion of the stringed body, mainly due to his dangerously materialistic
philosophy; his name was never evoked in the context of the eighteenth-
century medico-cultural argument for the stringed body, nor does his
image seem to be dominant in the Cartesian mechanics of the seven-
teenth century, which is defined as a theory of percussion rather than
vibration.®® As Joseph R. Roach noted, seventeenth-century philoso-
phers liked images of the body based on the wind or brass instruments,
as exemplified in Thomas Wright’s essay on the passions, which compares
the passions to the trumpet.®! The image of the wind instruments pro-
vides the appropriate body model for iatrochemists like Thomas Willis;
according to his inflation theory, the chemical reaction between animal
spirits running through the vessels and the arterial blood produces wind-
like force, in a similar manner to the way in which gunpowder explodes.*?
Animal spirits are, as it were, “pneuma” or breath by which the instru-
ment (body) is set for performance. After the fiber revolution (not the
brain revolution) of the late seventeenth century, which enabled medics
to see the body as a whole as a bundle of fiber strings, it is a natural con-
sequence that the stringed instrument came to replace the wind instru-
ment as a model. David Hume succinctly explains why the model change
occurred:
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Now if we consider the human mind, we shall find, that with regard to the
passions, ’tis not of the nature of a wind-instrument of music, which in run-
ning over all the notes immediately loses the sound after the breath ceases;
but rather resembles a string-instrument, where after each stroke the vibra-
tions still retain some sound, which gradually and insensibly decays.>?

In another place, Hume explains the mechanism of sympathy that becomes
instantaneously contagious from person to person with recourse to the
image of the musical strings that are tuned in the same tone.** The ensem-
ble of sweet melody played by the stringed instruments conforms to the
refined and composed mood of the eighteen-century culture of sensibility,
whereas military-like force pushed by the wind instruments agrees with
the turbulent atmosphere of the seventeenth century.

In tandem with the florescence of the culture of sensibility in the polite
society from the middle of the century on, the analogy of the body to the
stringed musical instrument was further popularized and widely circulated
in the medico-cultural realm. Lawrence Sterne, one of the most famous
sentimental novelists of the era, gave a playful panegyric to Mrs. Versey
using a familiar analogy of the stringed instrument: “You are sensible, and
gentle and tender—&from [one] end to the other of you full of the sweet-
est tones & modulations.... You are a System of harmonic Vibrations—
You are the sweetest and best tuned of all Instruments.”*® By the end of
the century, the analogy became a cliché freely exploited among medical
and literary writers. William Pargeter, an alienist of the late eighteenth
century, cites William Cowper’s Retivement as a typical illustration of a
dire state of low-spiritedness in the following lines, which also encapsulate
the musical analogy:

Man is an harp, whose chords elude the sight,
Each yielding harmony dispos’d aright.

The screws rever’d (a task which if He please,
God in a moment execute with ease)

Ten thousand, thousand strings at once go loose,
Lost, till he tune them, all their power and use.””

These recurrent images of the body as a stringed musical instrument,
lasting throughout the century (or more precisely to the Romantic era),?
testify to the powerful presence of the fiber paradigm in the age of nervous
sensibility.
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As a further reinforcement of my argument, the prescription of vocal
and respiratory exercise (“vocification”), such as loud speaking, strenu-
ous singing, or playing wind instruments, gradually receded from the late
seventeenth century, and was considered detrimental to health in the eigh-
teenth century, although the idea of exercise and music cure came to be
highly re-evaluated as a sure method for preserving health. Most medical
advisors condemned vocal exercise as overtaxing the lungs and imped-
ing the circulation, resulting in the rupture of the lungs’ fragile texture.
Richard Browne, in his Mechanical Essay of Singing (1727), recommends
singing as far as it is done moderately, and like many others, he sees playing
a wind instrument as having an ill effect, for it forces too much air against
the lungs.® The downplaying of wind instruments in exercise (regimens)
may reflect a concomitant shift of the analogy of the body as a musical
instrument from that of a wind instrument to a stringed one. Sterne’s
remarks in T7istram Shandy are in this sense very suggestive: “Some...
draw all their characters with wind instruments.... but it is as fallacious as
the breath of fame.”%°

Here, we may add a most mechanical analogy of the sympathizing
instrument provided by David Stephenson—the image of two clocks syn-
chronizing at a distance. As a good mechanical philosopher, Stephenson
offers the example of clocks to illustrate the surprising effects of the trem-
ulous motion of sounds on a distant object (“two Clocks, which being
plac’d upon the same Floor, or against the same Wall, though at the
Distance of a hundred Yards or more, may notwithstanding affect each
others Motion”) through the “Tremors and Pulsations” communicated
insensibly by the motion of each clock to the board. The clock metaphor
presented by Stephenson is no longer that of the cog and wheels that the
seventeenth-century mechanists assume to be a self-sustained machine;
in accordance with the fiber paradigm and as a good eighteenth-century
philosopher, Stephenson offers the clocks as “elastic,” as the pulsations of
sounds are propagated from one clock to another “by the elastic Fibres.”¢!
Thus, it is not surprising that Stephenson further grounds the clock meta-
phor on the analogy of the stringed musical instruments (“after the same
Manner as two unison Chords of any two musical Instruments, if one of
them be made for to vibrate or play, the other will at the same Time be
brought into Consent”).®? Stephenson goes on to explain the phenomena
of sympathy, such as yawning, from the elastic “Contexture” of the human
body that is easily syncopated with others.%?
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In a similar manner, Christopher Nugent, a physician in Bath, explains
the mechanism of sympathy at a distance with recourse to the analogy of
the musical strings that are “tuned in Unison”; Nugent presents it as a
“Fact” that “similar Spasms ave communicated at a Distance, from one Set
of animal Fibres to another.”®* As a good fiber-physician, Nugent conceives
the body as fiber constituted and fiber vibrated; “Vibration, Pulsation, and
Oscillation” of the solid fibers are the primal motion in animal economy.®®

From the above argument, it is understood that Stephenson’s elastic
machine of the vibrant clocks and the mechanically sympathizing machine
of the sensible man belong to the same general paradigm of the fiber body,
of which Nugent’s vibration physiology is exemplary, and it is also under-
standable that it does not necessarily require the brain—nerves circuit as
Rousseau and other medico-cultural historians may suppose.

2.3 Bow-Strings

It is true that not all writers of the above-quoted passages of musical anal-
ogy had in mind the specific image either of the nerves or of the fibers;
often they confounded both images and treated them as something elastic,
the chord-like substance that could be well-strung or reacted. However,
the particular term utilized, or whether the authors speak literally of the
nerves and fibers, is not of importance. Rather, the key is unearthing and
rendering intelligible the underlying epistemological model enabling the
musical analogy of the body. Vital to my argument is that these invoked
substances are elastic—they belonged to the property of the fiber and,
by extension, to the paradigm of the fiber. This general framework could
be of the fiber rather than of the nerve, all the more because the nerves
are by definition unqualified to be elastic, and therefore are incapable of
vibration. As far as the body is conceived as such and the knowledge of the
body is informed by the fiber, the nervous body would be infringed upon
and overshadowed in some manner by the elastic fibers. More of such
an elastic moment, in which the nervous body is disrupted by the elastic
fibers, can be seen in some cases of bow-strings.

R.C. Sims, a lesser-known medical writer of the later century, argued
against Priestley’s material philosophy in defense of the immortality of
the soul, which Priestley expunged by ascribing mental faculties to the
peculiar organization of the brain. Sims repudiated such materialism, and
illustrated his argument by comparing “the mental powers of man” with
that of “a bow”: “As the projectile operations of the bow depend upon
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the elastic nature of the yew or steel of which it is made, as connected with
its string; so the mental operations of man depend upon the active power
of the soul, as connected with his brain.”®® Sims did not deny that the
brain is the instrument of the soul, but strictly placed its function within
the realm of the instrument only to serve the soul; in other words, the
brain was not allowed to exert by its own power, as Priestly insisted. And
yet, as the soul itself could not exert its power without the medium of the
brain, so the mental powers of the soul depend on “the fit condition” of
the instrument brain, like “the fit string of the bow,” and if the brain is,
as it were, unstrung, like “unstringing the bow,” several operations of the
mental powers will be suspended.®” Here, the nervous organization of the
brain is overshadowed by the elastic quality of the fibers.

Another illustrative case of the bow-string is found in the unique sup-
plementary essay “Psychological Stricture,” written by Robert Applegarth,
a Lockean nerve theologian inclined toward mysticism. Applegarth
explained the physio-psychological mechanism of mind with recourse to
the pulsations by the solid nerves of the brain. Reminiscent of Hartley’s
vibratory neuro-physiology and equally mystical-minded Bonnet’s fiber
psychology, Applegarth argued that every idea may be considered as the
pulsation of some nerves (“there is not Thinking without this Pulsation”),
and that habit is nothing but the propensity of the nerves to act over
again.® He then imagined that the body man would wear in the afterlife
would be “nervous,” because such an instrument of the soul would be
essential to “Thinking,” which is also essential to “Life,” and life (“Vita”)
implies this instrument in its (falsely) etymological sense:

The Origin of the Word in question is evidently Bios; which, at the same
Time, that it signifies Life; does also signify both a Bow, and a Bow-String;
or in other Terms, Something Elastic; Something that is capable of Reaction,
or Pulsation when stricken.”

Here, life is “Nervus Archus,” a bow-string capable of being elastic, reac-
tive, pulsative, and vibrative, all the properties with which the fiber is
endowed in iatromechanism. Applegarth goes on to argue that “Person,”
too, has the same meaning, for it is derived from the Latin persona,
which he supposes signifies “Sounding throughour” with a “Pulsatory...
Quality.””! Syncopated with the analogy of the stringed musical instru-
ments, Applegarth’s image of man as an elastic bow-string pulsating and
sounding throughout the body aptly captures the elastic moment in the
Enlightenment thought.
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Interestingly, Cullen understood the moral character of man as elastic
“tone” in a similar manner, for he singled out “Reflex Sensation,” a notion
equivalent to the moral sense of moral philosophers, as a “character or
tone” that runs throughout life. Having a great influence in distinguish-
ing the moral characters of men, it modifies sensibility.”> For Cullen, the
degree of sensibility is determined first by the degree of tension of the
animal system and second by this internal tone. All these notable examples
of the elastic moment dispersed in the medical texts are only the tip of
the iceberg; in many places, one can stumble on such an elastic moment,
informed by the knowledge of the fiber.”? I add one more illustration of
this: De Mainauduc’s notion of the nerves.

De Mainauduc, probably the most eminent animal magnetizer of the
era in England (his technique was celebrated as “divine Manudactions””*),
left a manuscript containing his secret doctrine of animal magnetism to
his disciples to be published posthumously. Like most iatro-vitalists,
Mainauduc sets the nervous system as the central place in his medical
system. For him, the nerves are “strings of sensibility, and messengers
between body and mind.””® As the designation “strings” suggests, his
notion of the nerves is kind of fiber-elastic one: “Every nerve has a ten-
dency to recover its natural state; but when relaxed beyond the power of re-
instating itself; it is declared to have lost its tone, its contractive power.””¢
Mainauduc conceives the human nerves as a continuation of the universal
“atmospheric” nervous system, as the human body is steeped from head
to foot in the “atmosphere,” just as the fish is in water. This “general
atmosphere” has “innumerable strings,” which he calls “Atmospherical
Nerves”; their business is “to receive and to convey [the impulses] from
and through every part of the atmosphere.””” Since the human nervous
system is indissolubly connected to the atmospheric one in such a way
that what affects the atmospheric nerves must also affect the similar part
of the nerves in the human body, magnetizers are able to practice what
they call the absent treatment, the treatment of an absent patient living
at a distance, through the common medium of equally elastic and tuned
“sensible strings.””® Here, Mainauduc’s notion of “sensible strings” of the
nerves capable of “distension and contraction””? is indistinguishable from
that of the fibers. Mainauduc constructed the therapeutic system modeled
on the long-standing fiber pathology—the nerves are “clastic” or “lax,”3?
they are “contracted” or “relaxed,” so they should be modulated to the
proper “tone.”8! The difference of terminology melts away in face of the
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powerful presence of the elastic fiber that continued to haunt the minds of
people at the era of nervous sensibility.

3 CoONCLUDING REMARKS AND MORE ABOUT FIBER

In this chapter, I attempted to modulate the hegemonic tone of histori-
ography (originated in Rousseau) that the eighteenth century is the age
of the brain—nerve, in favor of the fiber paradigm. Fiber rather than nerve
provides the appropriate matrix from which the eighteenth-century med-
ico-culture of sympathy and sensibility sprang. The culture of sensibility
and sympathy (the image of the body as a musical instrument is a good
example of this) set up the fiber rather than the nerve as the paradigmatic
agent. This alternative view of the culture of sensibility that posits the fiber
body as another origin more properly fits eighteenth-century knowledge
of society and the body epitomized as sensibility and sympathy. For one
thing, although to feel is to involuntarily vibrate or quiver according to
the degree of sensibility of the nerves, for the sensitized body to prop-
erly vibrate, the body should be composed of something like threads or
strings; the image of the fiber-woven body precedes the nervous one as an
explanatory model of sensibility. The solid yet extremely delicate structure
or texture of the fiber body became the physical bedrock of sensible peo-
ple, whose finer nerves, fibers, animal threads—or whatever you may call
them—tremble at the slightest touch. The recurrent image of the body
compared to a string musical instrument throughout the eighteenth cen-
tury was founded upon the same epistemological matrix of the fiber body.
The set of terms related to the fiber-thread property such as “tone,” “ten-
sion,” “elasticity,” “vibration,” “oscillation,” and many others that fre-
quently propped up in eighteenth-century medical and cultural discourses
also indicate the enduring legacy of the fiber body. For another, the idea
of the fiber body physically corresponds to the principle of sympathy, a
distinguishing feature of eighteenth-century culture. The theorists of the
fiber body imagined the body as a vast network-like structure composed of
the cellular texture. The web-like continuity woven out of the cellular sub-
stances supports the consent of parts, medical sympathy, which if extended
to social body furthers and embodies the principle of moral sympathy. The
principle of moral sympathy—for which interconnectedness, continuity,
and sociability are indispensible—could be visualized as thread-like fibers:
as Tiphaigne de la Roche, a French medical theorist of sympathy, held,
individuals are linked to others by the infinite number of threads through
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which sympathy acts.3? As Grew’s vision of the fiber body worked for the
pressing need to re-bind the dangerously fragile society, the eighteenth-
century version of the fiber body fed into knowledge of sympathy and
sensibility, two pillars of the Enlightenment culture.

Moreover, the concept of fiber was malleable and adaptable to other
discursive fields such as aesthetics. For instance, Edmund Burke’s aesthet-
ics of the sublime draws on the fiber paradigm. Burke considers the sub-
lime experience as remedy, remedy for the languid melancholy, for the
relaxed state of the nerve-fibers. Pain and terror, says Burke, act upon
the same parts of the body in the same manner, that is, on the nerves and
the fibers: they consist in the “unnatural tension of the nerves,” for they
produce “a tension, contraction, or violent emotion of the nerves,” which
becomes a cause of the sublime experience. It should be noted here that
by “tension,” he means “a violent pulling of the fibres.”®* Now why does
the violent tension of the nerve-fibers brings delightful sensation to the
subject? The state of “rest” and “inaction” naturally brings our body to
fall into a “relaxation,” taking away “the vigorous tone of the fibre” req-
uisite for the natural and vital secretions. The consequence of this inert,
enervated state is, as we can expect, melancholy (“Melancholy, dejection,
despair, and often self-murder, is the consequence of the gloomy view
we take of things in this relaxed state of body”).** The remedy for this
debilitated state is, in accordance with the contemporary platitude of fiber
medicine, “exercise or labor,” which entails the exertion of the contract-
ing power of the muscles resembling “pain.” “Labor” is requisite not only
for natural functioning of the “coarser organs” but also for the “finer and
more delicate” ones, the organs of mind and imagination: without labor,
the “rousing” of the fibers, the organs of mind, therefore, the mind itself
would become languid and diseased, so the nerves must be “shaken” to
“a proper degree.”® Terror acts as an agent for labor of the finer parts of
the system, as far as it is so modified as not to be noxious, clearing away
a “troublesome incumbrance.”® Delight is, thus, produced in the tem-
porary negation of inertia, in the expulsion of annoying blockage. In this
sense, the sublime is a mode of exercise /labor, a purgative homeopathy of
the imagination, prescribed for diseases of the nerves.

In addition to the centrality of fiber in eighteenth-century medicine,
the notion of fiber encompasses a surprisingly wide range of referentiality,
including a variety of fiber-related images, metaphors, and language con-
cerning fiber anatomy (weave, textile, texture, contexture, web, net, cloth,
membrane, thread) and fiber physiology (vibrate, oscillate, tremble, elas-
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ticity, tone, tension), which surpasses the referential range of the nerve.%”
Even fiber’s elastic and ductile quality implicates the notional malleability
of fiber and embodies the Enlightenment idea of man as flexibly interact-
ing with the environment, whereas nervous determinism excludes such
flexibility.®® My last example illustrating the extensive cultural reach of the
fiber language is “fiber verse,” a kind of sub-genre encompassing a cat-
egory of physico-theological (or didacto-scientific) poetry that exploited
the language of fiber.¥

Many poets, some of whom were engaged in medical practices, versified
the wonder of the human body through the fiber trope. Richard Blackmore,
himself a physician, was among such poet-physicians. Blackmore versified
the formation of the “living fabric,” utilizing the trope of “weaving”; the
bones were “knit” in the adapted “joints,” the sinews “spun” a thread
and spread “the curious loom to weave the muscles.”® Another poet-
physician, John Armstrong, in his popular poetic guides to health, amply
employed the figure of fibers as unifying conceit, making strictures against
the “idle and unstrung” and “raw-spun fibres” as the cause of the vapors.”!
Armstrong describes the process of growth of the human body from child-
hood to old age in the paradigm of fiber medicine:

When life is new, the ductile fibres feel

The heart’s increasing force; and, day by day,
The growth advances; till the larger tubes,
Acquiring (from their elemental veins,
Condens’d to solid chords) a firmer tone,
Sustain, and just sustain, th” impetuous blood.
Here stops the growth....”?

For Armstrong, the thread-like substances composing the solid body,
whether nerves or fibers, should be keptin the due “tone”3; the nerve-fibers
are made “flaccid” by whatever makes the body warmer or hotter than its
mete, which is the exact correlate of fiber pathology and reflects the dictum
of the then current culture of sensibility—warmth makes the body effemi-
nate, and excessive tenderness (“soft luxury”) makes the “many virtues”
spoiled (“Unnerves the body and unmans the soul”).”* Hugh Downman in
his popular poem on infancy wrought in the late eighteenth century follows
the path Armstrong trod, drawing upon the language of fiber to depict the
growth of the infant and instruct the reader on the management of chil-
dren.”® Asin Armstrong, the growth of the body is predicated on fiber’s evo-
lution (“Each slender thread and fibre is evolved, / Gaining mysteriously
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their destined bulk / And firm elastic motion”).?® In tandem with the
fiber pathology and the physiology of tone, Downman’s “Babe” is to be
raised according to the Spartan regimen of cold against the ill-effects of
the fashionable custom of warmth, whether it is hot diet (“spices of the
south”), warm air, or luxury (“polished life”).®” The “cold gale” of the
north would “firmly brace” the “muscles” and give “to every limb it’s
healthful tone,” while in the torrid zones, warmth deprives the body of
its “vital powers.””® Cold and exercise are the most salubrious therapeu-
tics for children. Condemning the “tyrant reign of fashion,” which makes
the nerve-fibers “feeble,” Downman extols the power of the cold bath
(“...great is the power/Of cold”), due to the “benign effects” of which
(“whence braced”) the babe could endure the “winter’s hard campaign”;
moreover, by acquiring this “new tone,” the children’s original consti-
tution (“stamina”) in some degree could be “corrected” while the “lax
Muscles swell.”®® Weak or sickly children could gain strength and recover
their misfortunes by exercise, which supports the “flame/Of life itself”:
“... By Exercise/The quicken’d pulse and stimulated heart/More truly
shape each fibre, give to each/Their tension, and elastic spring....”1%

It was Erasmus Darwin who most skillfully exploited the fiber-weaving
metaphor in didacto-scientific poetry. Although Darwin departed from the
physiology of tone in his medical writings (see Chap. 4), the poetical work
retains the language of the fiber. Published in 1803, his titanic mythologi-
cal verse on the “Origin of Society,” with its extended use of the fiber-met-
aphor, undoubtedly marked the height of “fiber verse.” Drawing on the
fiber trope, Darwin described the beginning of organic life (spontaneous
generation) as follows: after the generative energies, heat, repulsion, and
attraction, arise to produce atoms, “[atomic matter| Swells the spheres,
and lengthens into lines. / Last, as fine goads the gluten-threads excite, /
Cords grapple cords, and webs with webs unite; / And quick Contraction
with ethereal flame / Lights into life the fibre-woven frame.”!! The for-
mation of animal life and the beginning of the animal function are more
vividly depicted with recourse to the fiber trope:

Life’s subtle woof in Nature’s loom is woven;
Points glued to points a living line extends,
Touch’d by some goad approach the bending ends;
Rings joint to rings, and irritated tubes

Clasp with young lips the nutrient globes or cubes;
And urged by appetencies new select,

Imbibe, retain, digest, secret, eject.

In branching cones the living web expands.1%?
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Unlike the earlier version of fiber verse, Darwin’s fiber-woven frame
is not primarily mathematical, but living, or even self-living (“urged by
appetencies”), in accordance with the general shift in the medical and
intellectual view of man from man as machine-like to man sensible and liv-
ing. Even if the central tenet changed, however, the underlying trope did
not; fiber medicine still vindicated the languages of the fiber.!%
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CONCLUSION

THE DEMISE OF FIBER

Fiber rather suddenly vanishes from the medical scene in the early years
of the nineteenth century. With this disappearance, a whole set of medi-
cal researches and investigations predicated on fiber also retreated from
the medical scene. There is a practical reason for this: the grand premise
of the fiber-body and fiber medicine, that the body is wholly composed
of nothing but the elementary fibers, came to stand as untenable. In the
early nineteenth century, fiber theory began to be called into question by
some medical theorists who, revitalizing microscopic research, claimed to
observe that the linear fiber was actually composed of the still smaller unit,
the globules. Everard Home (1756-1832), a disciple of John Hunter, was
one of those researchers. Drawing on Hunter’s studies on the coagula-
tion of blood in the formation of tissues, Home asserted that the ultimate
fiber was actually formed out of the globules of the blood.! This “glob-
ule theory” advocated by Home was soon put forward as well by Henri
Milne-Edwards (1800-1885), a French natural historian, who postulated
that the structure of animals and plants was ultimately made up of minute
globules.? This new discovery seems to have had devastating impact on
the fiber theory; the speculative existence of the ultimate fiber no lon-
ger provided firm ground on which medical writers worked to build their
theories. René-Joachim-Henri Dutrochet, one of the ardent exponents of
the globule theory, accused the anatomists of the former age of their abuse
of the fiber, which in reality represented nothing substantial and objective:
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The word “fibre” is perhaps one of the most abused in anatomy, since it
does not represent an exact idea; one gives this name, in general, to all linear
or very slender organic bodies. According to this definition, one sees that
the word fibre is, so to speak, only a provisional expression which one uses
while waiting for exact knowledge of the true nature of the linear organ
which one designates with this name.?

For Dutrochet and other globulists, the true nature of the linear substance
lies in the globules which compose the fiber in the form of a line.

The globule, however, was proved yet another chimera observed
through the spherical aberration of the microscope and, before long,
this theory, too, was overtaken by a more convincing entity, the cell,
most sharply defined by Theodor Schwann (1810-1882) in 1839.* The
seamless succession of the concept of the fundamental unit of organic
structure from the eighteenth-century fiber through the intermitting
substance, the globule, to the nineteenth-century cell seems too glib
to hold truth; the process must be complicated and could not be told
in a chronological order.® But one thing is certain, that at the end of
the long eighteenth century (the age of the Enlightenment), the fiber
disappeared and the cell gained its own theoretical, experimental, and
epistemological terrain.

Parallels exist between the nineteenth-century cell and eighteenth-
century fiber, as L.J. Rather pointed out,® but these two substances differ
from each other on a crucial point. Whereas the fiber has no history to tell
(though it may tell one’s temperament—it is a story), the cell embraces
within itself history which discloses the existence of one general princi-
ple for the formation of all organic phenomena. A physiological account
of tissues is equivalent to a developmental explanation, and cell forma-
tion proves that there is a common developmental principle for the most
diverse elementary parts of an organism.” The center of gravity for critical
attention shifted from the non-historical process of weaving to the his-
torical process of growth. Along with this shift, embryology rather than
neuromuscular physiology now occupied a prominent place in the life sci-
ences; microscopic research on the living cell (e.g., protoplasm) rather
than crude experiments on sensitive or irritable nerve-fibers, the mysteri-
ous but lawful growth of the cell rather than the (in)visible vibration of
the fibers, epigenesis rather than preformation, the embryological law of
parallelism (recapitulation theory) rather than the mother’s imagination—
all took firm ground alongside the cell.
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As soon as the fiber was dethroned from its theoretical seat, the research
on fiber began to appear an archaic episode of medical history. In the nine-
teenth century, some medical men still continued to investigate the true
structure of the ultimate fiber. Martin Barry’s research on the structure of
the fiber may be the last attempt of this kind; Barry set aside the globule
hypothesis and instead proposed a new discovery that the fiber was formed
out of a “flat filament” within the “blood-corpuscle.”® Barry’s new dis-
covery, however, had no impact on medical theory of the era, which had
already discarded fiber theory. Once the fiber was replaced by the cell as
the minimum building unit of the body, the whole set of fiber language
and metaphor, “weaving,” “web,” “textile,” “texture,” “vibration,” “ten-
sion,” and “stamina,” disintegrated. The nerve, however, survived this
paradigmatic collapse and later medical historians falsely and retrospec-
tively identified the nerve with the solid-fiber as the physical and physio-
logical bedrock of a modern sensibility. The preceding chapters are written
as a prescription for this nervous amnesia to rescue fiber’s legitimate place
in the history of medicine.

FIBER AND MODERNITY

From a broader perspective of the history of medicine, fiber medicine of the
eighteenth century may be posited as the transitional phase from ancient
humoralism to modern solidism. The conceptual framework of humoral
theory was gradually discarded during the first half of the eighteenth cen-
tury, with the result that ideas of health and disease, life and death, no
longer rested on the balance of the four humors but on the grades of
“tone” or “tension” of the solid parts of the body. However, what part of
the solids was relevant for life and health? Solids were not co-terminous
with the nervous system, as the later vitalistic medical theorists claimed,
but they were primarily fibers and those parts made of fibers (membranes,
vessels, muscles, bones, as well as nerves). Fiber theory arguably occupied
the central place in the very foundation of the modern theory of solidism.

This aspect of the relevance of fiber to solidism is more understand-
able if we relate it to the emergence of the modern (secular) body. As
the historiography of the eighteenth century reveals, that century wit-
nessed, in various fields, substantial transformations that laid the ground-
work for what we call “modernity.”® Recent studies on the history of the
body and sexuality also point to the eighteenth century as a key period in
determining how modernity would understand and experience the body.
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Historians of the body, particularly of sexuality, and the scholars of related
fields (gender studies, family history, or literary studies) have claimed that
the earlier premodern body underwent a significant change during the
cighteenth century.!® The premodern body, once conceived as divinely
given and hence understood in cosmological terms, and often perceived
according to criteria more socially than biologically determined (e.g., gen-
der), became at once precariously and happily modern and secular in the
eighteenth century—happily in the sense of the liberation of the mind and
the body from long-standing authoritative religious teachings (an aspect
exemplified in the pursuit of happiness and the hedonistic enjoyment of
bodily pleasure),!' and precariously in the sense of the scientific underpin-
nings and the correlated “moral” discipline imposed on the body as alter-
natives to those traditional religious teachings. The “Fiber Body,” derived
from, and enlightened by, fiber medicine, was deeply involved in this pro-
cess of transformation. Some hints have already been given in the course
of this book; for instance, the correlation between the degree of sensibility
as well as intellectual faculty (the moral) and that of elasticity of the fiber
(the physique), the mutual relation between the social and racial distinc-
tion and the fiber-based constitutions, and the interconnection between
the malleability of man and that of the fibers. And yet, there are more
illustrations that attest to the fiber-body’s entrenchment into the medico-
cultural modernization of the body, such as the feminization of culture
and the feminine passivity of the fiber-woven body; commercialization
(the birth of the consumer society) and the fiber-body’s animal economys;
an innovative improvement of transportation (e.g., the vast construction
of the network-like turnpike) and the image of a reticular-like fiber-woven
body; the notion of sociability in a delicate society among sympathizing
people and the interconnectedness of the fiber-body; and so on.

Here, I only put a brief remark to acknowledge the fiber-body’s crucial
presence in the process of this shift. With the change in the way the body
was understood and experienced, from the fluid (humoral) to the solid,
medical theorists exploited the solid-fiber instead of the fluid-humors as
the physical basis for the reformulation of the body in its modern, sec-
ular guise; more precisely, they had little choice but to do so. Thomas
Laqueur’s influential thesis on the emergence of the modern sex (body) is
a case in point. According to him, somewhere in the eighteenth century,
modern sex was born; prior to this era, people’s bodies were placed on a
vertical, hierarchical axis of the “one-sex” model that was informed by the
humoral system. In this one-sex model, the differences of sex were seen
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as those of degree, as expressed in the structural equivalence of male and
female genitalia. This model was superseded by the “two-sex” model that
increasingly emphasized anatomical differences, and the sexual difference
was understood qualitatively. The modern bodies of men and women were
seen to be incommensurable. What Laqueur left unnoticed is that the
birth of the modern sex-body accompanied the formation of the fiber-
body. For the body could not, in the first place, be treated in strictly ana-
tomical, physiological, or natural terms (i.e., as the physical and solid body
liberated from the domination of humors and thus from the traditional
socio-cosmological underpinnings of humoral theory) without the mate-
rial presence of the solid-fibers as a frame of reference to designate the
new way in which the body was to be understood, perceived, or marked
in the realms of sex, gender, race, ethnicity, or class. The radical shift from
humoralism to solidism, hitherto relatively neglected by medico-cultural
historians, is more indispensable for the understanding of the emergence
of the modern body than one might assume. The fiber-body reigns amid
this shift.

NOTES
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Structure Intime des Animaux et des Végétaux, et sur leur Motilité
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Press, 1999).
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accommodated by the traditional fiber paradigm; on Reil’s fiber
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