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DIJKGRAAF’S PROPRIOCEPTOR - WHAT'’S IN A NAME?
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Schematic diagram (after Peters 2000) of the reafference principle, introduced by
von Holst & Mittelstaedt (1950). Sven Dijkgraaf, professor of Comparative Physiology
at the University of Utrecht in 1953, was unhappy with the then current definition of

proprioceptors. The present note describes his effort to integrate the terms
proprioception and reafference principle.
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Introduction

Sven Dijkgraaf, professor of Comparative Physiology at the University of Utrecht
from 1948 till 1974, published a paper on The physiological significance of the so-
called proprioceptors in 1955. An earlier version of this manuscript was submitted
as a letter to the editor of Nature on April 04, 1953. His submission was rejected.
The term proprioceptor knows a long history, but is associated since 1906 with the
works of the famous physiologist Sherrington. That Dijkgraaf wrote a critical paper
on the term proprioceptor is still understandable if we look at the definitions of
today. According to an article in Wikipedia (2018.11.04, condensed here), position-
movement sensation, a precursor of proprioception, was originally described in 1557
by Julius Caesar Scaliger as a "sense of locomotion". In 1826, Charles Bell
expounded the idea of a "muscle sense" to a physiologic feedback mechanism. And
in 1906, Charles Scott Sherrington published a landmark work that introduced the
terms “proprioception”, “interoception”, and “exteroception”. The exteroceptors,
such as the eyes, ears, mouth, and skin, are the organs that provide information
originating outside the body. The interoceptors provide information about the
internal organs, and the proprioceptors provide information about movement derived
from muscular, tendon, and articular sources. More details are given by Wikipedia.
Merriam Webster’'s web page (2018.11.04) gives another, simple, medical definition
of proprioception: the reception of stimuli produced within the organism.

Proprioceptors and Reafference Principle

I have not performed an elaborate literature study on this topic, but it would not
surprise me if the terms intero- and exteroceptors were originally introduced when
investigators discovered that other sensory systems than the five classical ones
existed in the animal kingdom. It is obvious that the classical senses like vision,
hearing, smell, taste, and touch, were named exteroceptors, as they were known
from outside observation. Apart from these classical exteroceptors, there are more
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hidden receptors, like muscle spindles and other sensors: interoceptors.
Proprioceptors were apparently needed when it was discovered that some of the
sensory input signals of interoceptors were not perceived consciously, but were
nevertheless effectively processed by the nervous system. Since Dijkgraaf was a
sensory specialist, it was predictable that he felt the conflict of the definition of
proprioception with the functioning of the octavo-lateralis system, among which the
human inner ear. The semicircular canals, for instance, can be stimulated by motion
of the organism itself, but also by external stimulation. It is not surprising that he
tried to present a solution by introducing the reafference principle proposed by von
Holst & Mittelstaedt (1950), to elucidate the physiological perspective . A letter-to-
the-editor would be the minimum action to reach his co-scientists (Figs. 1, 2, 3).

Figure 1. Copy of the envelope in which Dijkgraaf kept his documents on
proprioception and the implications of the reafference principle (collection Stichting
De Traditie')
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Figure 2. Copy of the first sentences of Dijkgraaf’s letter-to-the-editor submitted to
Nature in 1953, where the basis for the application of the reafference principle to
proprioception is explained (collection Stichting De Traditie )
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Figure 3. Copy of the references from his letter to the editor. Note particularly the
presence of the classical publication of Sherrington (1906), and the arrival of the
newcomers von Holst and Mittelstaedt (1950), (collection Stichting De Traditie).
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Historical

In 1973 Dijkgraaf asked me to complete a lemma on proprioceptors for the Spectrum
Encyclopedia. | did not understand at the time why he did not write it himself. After
all, he was re-editing pieces for the Spectrum Encyclopedia, pieces that were
originally written by his former co-worker B.J. Krijgsman? for Oosthoek's
Encyclopedia. Further this was the first time - and as it turned out the only time -
Djkgraaf asked me to write such a thing. | felt honoured at the time, because as a
youngster | felt accepted as a scientist, and moreover | expected to write more
columns. But most important perhaps, it was a paid job! On the other hand |
remember | felt a bit unhappy about what | read about the definitions of intero-,
extero-, and proprioceptors. | still do as a matter of fact. Nevertheless, | ended up
with writing a short piece in which | repeated more or less the definitions | had found
in the textbooks of the time (Dijkgraaf & Vonk 1971, lggo 1972, Autrum et al. 1972).
My interest was raised again by reading the letters of the pre-collection
DijkgraafS1908 of Stichting De Traditie, now under the aegis of the Utrecht
University Museum. One of these letters dealt with a letter-to-the-editor about the
definition of proprioceptors. Not only did he comment on the definition of
proprioceptors, he also explained how the definition would be affected by the
Reafference Principle, described by von Holst and Mittelstaedt (1950).

More interesting than my efforts of 1973 are the documents written by Dijkgraaf.
about proprioception in 1953. Apparently he had difficulties with Sherrington’s
definition because according to Sherrington the inner ear and the labyrinth were
proprioceptors, whereas they also respond to externally generated stimuli. Because
of their sensitivity to external generated stimuli they are also exteroceptors.

In my view, Dijkgraaf’s criticism of the definitions of intero-, extero-, and
proprioceptors was to the point, and deserves appreciation by a wider reader’s
public (Fig. 4).

1 Dr. B.J. Krijgsman was electrophysiologist at the Laboratory of Comparative Physiology at
Utrecht till 1950. Afterwards, he occupied a chair at the university of Cape Town (S.A.).
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His letter supported also why | had uneasy feelings about my own short piece. Since
Dijkgraaf was a specialist on the lateral line system and the sense of hearing in fish
and amphibians (octavo-lateral system) it is understandable why he was unhappy
with the term proprioceptor, and why he wanted to have another person write a
piece on proprioceptors in Spectrum’s encyclopedia.

Extero- and interoceptors are topologically defined. Proprioception is of a different
category; it pseudo-specifies interoception.

The second gquestion as to how self-generated stimulation is
distinguished from externally caused stipuli is $%ill1 copen. The
M hnst "Reafferenzprineip"” put forward recent is hardly more than a
. statement of the in a clear diagrammatic form, Never-
C  thelesc this simple diagrem has already shown its usefulness in
i""_:t_! elearing up several observations hardly understandable on terms of
Ml' elassical reflex physiology.”
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Figure 4. Copy of the first sentences of Dijkgraaf’s letter-to-the-editor submitted to
Nature in 1953, where the basis for the application of reafference principle to
proprioceptors is explained (collection Stichting De Traditie )

Relevance of the Reafference Principle, Conclusion

To the organism it is relevant to discriminate between a changing stimulus pattern
caused by motion of the organism itself and by stimulus patterns with environmental
origins. The latter case would reveal the presence of an external stimulus pattern
and source. In 1950 Erich von Holst and Horst Mittelstaedt explained how this
problem can be solved by organisms. When an organism moves and causes the
environmental stimulus pattern to change, the central nervous system could know
that a certain stimulus pattern is to be expected. This expectation is called the
efference copy (Fig. 5) , and is apparently used to compensate for the stimulus
patterns caused by the organism itself (proprio-). What remains is stimulation
caused by the external world. Von Holst and Mitteltaedt called the neural circuitry
involved in this process the Reafference Principle. Exafferent stimuli are originated in
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the environment. Reafferent stimuli are caused by motion of the organism itself.
Since not all signals carried by the sensory nervous system are processed
consciously, another interesting feature comes up: what part of the stimulus pattern
is processed automatically and/or unconsciously? Processing of the efference copy is
considered an unconscious process. Further it is apparent that many stimulus
patterns are mixtures of ex- and reafferent stimuli. The neural information from
muscle spindles, for instance, is not perceived consciously. On the other hand, visual
stimuli are processed both unconsciously and consciously; mixed forms of perception
do occur. The result of these two aspects gives 3 x 3 = 9 possibilities (table 1).
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Figure 5. Schematic diagram (after Peters 2000) of the reafference principle,
introduced by von Holst & Mittelstaedt (1950). The efference copy may be
considered as the expected stimulus pattern caused by self motion of the receiving
individual. The comparator should help to discriminate between externally generated
and self-generated stimulus patterns.
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Conscious

Unconscious

Partly conscious

Ex-afferent

*

*

*

Re-afferent

*

*

*

Mix-afferent

*

*

*

Table 1. Table showing how sensory organs of an organism should be arranged,
although there are many more criteria to define sensory systems; sensory systems
can be classified according to, for instance, their sensitivity to energy modalities, or
to their biological relevance. * all relevant sensory systems.

Returning to the definition of proprioception, | conclude that both Dijkgraaf’s
comments on proprioception and my uneasy feeling about it were justified. No single
way of classification is unequivocal. It is always criterion dependent, and dependent
on the set of people who are using a particular term and definition. Single cells, for
instance, have also receptors on their surface; the ‘information’ at the surface is
transferred to the interior. Nevertheless we speak of a receptor channel, but not of a
sensory organ. Perhaps a reafference principle is or can be defined intracellularly in
order to specify biochemical pathways. Once, | gave a lecture about the
electrosensory system in fish, where a neurological equivalent of the reafference
principle had been demonstrated physiologically (Moller 1995 p. 421). After my
lecture, questions of the medical audience gave me the impression that for these
particular scientists the reafference principle was solely related to vision, and not to
other sensory systems. There was a lot to explain. Should this mean that we have to
redefine proprioception? | do not think so.

If medical people are happy with Sherrington’s terms, and know more or less what is
meant, there is no need for a change. The expression meets its goal. Since | am
retired now, | feel free to consider the dilemma an academic matter. Looking back
my admiration for Sven Dijkgraaf again increases: a head of department, who
succeeded to perform successfully both administration and scientific research.

After all, whether or not we follow Sherrington’s definition, what’s in a name??

2 If we cite Shakespeare, why not Sherrington?
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