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The relationship between tactile thresholds and
histology in the human finger
M F BRUCE AND D C SINCLAIR

Department of Anatomy, Aberdeen University.

SUMMARY Touch detection and two-point discrimination thresholds at three sites on the distal
phalanx of the little finger were compared with the histology of the same three sites in amputated
fingers. No consistent relationship could be demonstrated between sensitivity to touch and the
population density of Meissner corpuscles or other organised endings. However, the findings do not
negate the suggestion that Meissner corpuscles may be involved in two-point discrimination.

The corpuscles described by Wagner and
Meissner' have a characteristic morphology and
distribution. Because they are present in consider-
able numbers in the ridged glabrous skin of
primates, where touch sensitivity is great, they
have long been regarded as tactile organs, and
there have been various speculations regarding
their precise function. At first it was generally
believed that they conferred on the fingers a
special tactile acuity, but in 1954 Cauna2 sug-
gested that Meissner corpuscles might play a part
in the ability to discriminate two points, which is
well developed in the finger pads. Talbot et al3
produced evidence to link them with the sensa-
tion of 'flutter' (low frequency vibration), and in
1974 Mountcastle4 stated his belief that they were
detectors of movement. The presence in human
skin of superficially situated, rapidly adapting
mechanoreceptors' 6 has led to the suggestion that
these are the Meissner corpuscles5"' and Lind-
blom and Lindstrom9 have proposed that the
rapidly adapting units are responsible for the
detection of tactile stimuli because of their low
threshold to indentation and low critical slopes.
The Meissner corpuscles are therefore once again
being invoked as threshold detectors.

All the evidence available is indirect, and it is
worth recalling that in the past the Meissner
corpuscle has also been thought of as a tempera-
ture sensing organ"0 and even to be associated
with pain.11 We therefore thought it worth while
to explore two of the possible functions of the
Meissner corpuscle by correlating passive tactile
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and two-point thresholds on the human finger
with the numbers of Meissner corpuscles in the
same sites. The sites chosen were the palmar,
lateral (radial) and dorsal aspects of the distal
phalanx of the little finger of the non-dominant
hand.

Material and methods

HISTOLOGY
Skin was obtained from traumatic amputations
of the little finger from healthy adults (four males
and one female) aged 16 to 25 years: all patients
were engaged in manual work. Skin from the
palmar and lateral surfaces was available from
all five specimens, but dorsal skin was obtained
from only three.
The skin was fixed in Bouin's fluid, embedded

in paraffin wax, and cut normal to the surface,
in serial sections at l5iim. The sections were
stained by the double impregnation silver tech-
nique of Fitzgerald.1" Each section was scanned
for the presence of organised endings, and all the
Meissner corpuscles in an area of 6 to 9 mm2
from each site were counted, their concentrations
being expressed as corpuscles per mm2.

THRESHOLDS
All subjects were right-handed healthy medical
students aged between 18 and 20 years; none had
had any previous experience of sensory experi-
ments.
Touch detection thresholds were determined in
a quiet room by the method of limits, and at the
outset the subjects were given a brief and stan-
dardised account of the procedure. They sat com-
fortably with the left forearm resting on a table

235

D

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.43.3.235 on 1 M
arch 1980. D

ow
nloaded from

 

http://jnnp.bmj.com/


236

and the hand cradled in modelling clay in such
a way as to bring the appropriate test surface of
the little finger horizontal. A screen prevented
them from seeing the stimulus delivered, and
care was taken to avoid auditory or visual cues
which might signal the event.
On each site an area of approximately 1 cm2

was marked out, and stimuli were delivered at
random within this area, the apparatus being
moved slightly between each stimulation, so as
to avoid hitting the same spot every time. The
centre of the dorsal area was midway between
the nail fold and the distal interphalangeal joint,
that of the lateral area was at the level of the
nail fold, and that of the palmar area was mid-
way between the finger tip and the distal inter-
phalangeal crease.
The apparatus used for stimulation is shown

in fig 1. Ten graded nylon monofilaments were
mounted on two interchangeable blocks of per-
spex, each of which could rapidly be fixed on
the end of the carrier rod. The 'buckling loads'
of these filaments had been determined by lower-
ing them on to the pan of an analytical balance
and recording the mean force at which the
filament buckled. The lengths of the filaments
were adjusted to give an approximately logarith-
mic series: - 0-015 g, 0-021 g, 0-053 g, 0-073 g,
0-91 g, 0-253 g, 0 374 g, 0-650 g, 1376 g and 2-62 g.
A selected filament was lowered gently until
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its tip just touched the skin surface; it was then
lowered by a further millimetre, upon which the
filament buckled. Further descent was prevented
by a check on the activating rod. The filament
was then raised by three mm and allowed to fall
freely, so delivering to the skin a force equal to
its buckling load. The restriction of the excur-
sion of the filament after hitting the skin virtually
eliminated any "skidding" of its tip. The stimulus
was allowed to remain in contact with the skin
for one second and then raised again.

Subjects were instructed to say "yes" whenever
they felt a filament touch the site; no equivocal
responses were accepted. Stimuli were delivered
at irregular intervals of three to five seconds in
ascending order of magnitude; if with a given
stimulus three stimuli were not detected, the next
heavier stimulus was tried, and so on until 10 out
of 10 "yes" responses were obtained. After 30
seconds' rest a descending series followed, and
the threshold was taken as the mean of the
buckling loads of the first ascending stimulus
giving a score of eight out of 10 or more and the
first descending stimulus giving a score of seven
out of 10 or less. The subject was then allowed
one to two minutes rest, during which he with-
drew the hand from the clay and exercised it.
After this the entire procedure was repeated for
another stimulus site. The three sites were tested
in random order, and the whole session was com-

Fig 1 The rod (R) carrying the stimulus head (H) is pivoted on a knife edge (K) standing on a perspex plate (P')
which can swivel on another similar plate (Pb), so allowing the stimulator head to describe an arc of a circle. The
middle of the rod is restrained by a thread (T) wound round a friction-tight cylinder, (C), rotating in perspex sockets.
The thread is slackened offby rotating the cylinder until the appropriate nylon filament (F) comes in contact with the
skin, and a reading is taken from a vertically mounted mm scale (not shown). The thread is then paid out by another
mm, so that the filament buckles, and raisedfrom this position through 3 mm by depressing the other end of the
rod with the finger. The microscope rack and pinion assembly (M) is then used to raise a horizontal bar (B) covered
with a thick layer ofplastic foam to prevent noise, until it presses against the end of the rod held by the finger.
The finger releases the rod at each stimulation, so allowing the stimulus to fall until the slack of the thread is taken
up, that is by a distance of3 mm. The purpose of the bar is to check the distance travelled by the stimulus every time
one is applied.
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The relationship between tactile thresholds and histology in the human finger

pleted in about 30 minutes. Skin temperatures
on the test site were recorded before each ascend-
ing series, in the interval following it, and at the
end of the descending series.
Two-point discrimination thresholds were ob-
tained by a similar technique. The subjects were
instructed that they might feel one point or
two; they were asked to report whether they
felt one or two points when the stimulus was
applied. Behind the screen a pair of sliding
metal callipers with blunted points, bolted to the
rack and pinion of a microscope stand, was
lowered on to the skin of the test site. The tips
were allowed to touch the skin, and lowered
until the subject reported a firm contact. They
were then raised by three mm and racked down
again by this distance to produce the standard
stimulus. Unknown to the subjects, all stimuli
were of two points, the distance between them
being gradually opened for the ascending series
and closed for the descending one. Thresholds
were assessed as outlined above, the ascending
threshold being represented by a score of eight
out of 10 or more and the descending threshold
by one of seven out of 10 or less.

Results

placed within a large dermal papilla which inter-
rupted the otherwise relatively smooth junction
between dermis and epidermis (figs 4, 5).

Pacinian corpuscles were numerous in the
ridged skin of the palmar and lateral sites, but
none was seen in any of the samples of the
thin dorsal skin. Merkel cell complexes were
not obvious, though -individual cells, tentatively
identified as Merkel cells, were occasionally
seen in all three skin sites (figs 5, 6). Ruffini
type receptors were not seen in any specimen.

Thresholds
Some subjects manifested a "step" type of
tactile threshold, an unbroken succession of
failures to respond being followed by a sudden
complete sequence of "yes" responses to the
next heavier thread. Others showed a "ramp"
approach, scoring a gradually increasing
number of "yes" responses as the successively
heavier stimuli were applied. This difference
between subjects was not related to sex, the
order of testing, or the site tested.

Five subjects on one or more occasions gave
a "yes" response when no stimulus had been
dielivered. This always -happened below the

Histology
The concentrations of Meissner corpuscles in
the amputated material are shown in Table 1.
There was no significant difference between the
figures for the palmar and the lateral sites, but
both were significantly greater than those for
the dorsal site.
There were no obvious morphological

differences between the corpuscles in lateral
and palmar skin. Many of them were small and
compact (fig 2), but larger, less well organised
and more lobulated forms (fig 3) were quite
often seen. The few corpuscles found on the
dorsal surface were large, and often obliquely

Table 1 Mean numbers of Meissner corpuscles per mm2

Patient Palmar Site

Lateral Dorsal

A 27-0 17-2 7-0
B 20-8 15 2 -

C 24-2 20-2 1.0
D 16-8 21-2 1-3
E 14-6 13-2 -

Mean 20-7 17-4 3-1*

S.E. 2-28 1.50 2-12

* Significantly smaller than either the palmar (p < 0 02) or the lateral
(p < 0 05) figures.

Fig 2 Compact Meissner corpuscle in a dermal papilla
with a limiting ridge (LR) on the left and an inter-
mediate ridge (IR) on the right. Palmar surface,
terminal phalanx, little finger; 18 year old male.
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Fig 3 Less compact Meissner corpuscle. Note the
nerve fibre (arrow) ascending alongside. A capillary (C)
is present in the same papilla. Palmar surface, terminal
phalanx, little finger; same subject.

arbitrary threshold adopted, and only once did
any subject record more than one such "false"
response in any series of 10 stimuli.
Some subjects responded immediately the

stimulus was applied, but others delayed,
especially with stimuli below threshold. Some
occasionally gave both an "on" and an "off"
response-i.e. two "yes" responses to the one
stimulus. The "off" responses occurred both
below and above threshold, in both sexes and
in all three sites.
Effect of skin temperature In spite of a range
of skin temperatures from 21-30C to 35-10C
there was no correlation between site tempera-
ture and sensory threshold (fig 7).
Effect of sex A preliminary test on the lateral
sites of 10 male and 10 female subjects gave a
mean threshold of 0-08 g±0 01 for the females
and 0- 12 g ± 0-03 for the males, but the difference
was not statistically significant (p>02).
Effect of site Table 2 shows the figures for
the touch detection and two-point discrimination
thresholds for all three sites. There were 11
subjects in the touch detection series (eight
males and three females) and 10 different sub-
jects (all males) in the two-point discrimination
series. Examination of the figures showed that

Fig 4 Meissner corpuscle (arrow) in a dermal papilla.
A capillary (C) is present in the adjacent papilla. The
remainder of the dermal-epidermal interface is smooth.
Dorsal surface, terminal phalanx, little finger; same
subject.

the mean touch threshold of 007 g ± 0 006 for
the palmar site was significantly lower than
either the lateral (p<0 02) or the dorsal
(p<005) thresholds, but the difference between
the lateral and dorsal sites, though in favour
of the lateral site, was not statistically
significant.
The mean thresholds for two-point dis-

Table 2 Summary of threshold results

Site

Palmar Lateral Dorsal

20-7 17-4 3-1
Mean numbers ofMeissner corpuscles /mm2 ± ± i
(from Table 1) 2-28 1-50 2-12

Mean touch thresholds in 1 I subjects
(grams)

0.07* 0-16 0 19

0-006 0-03 0-06

2 90t 3 40: 5-45
Mean two-point thresholds in 10 subjects ± ± i
(mm) 0-16 0-20 0-86

* Significantly lower than the lateral (p < 0 02) and dorsal (p < 0-05)
figures.
t Significantly smaller than the lateral (p < 0 05) and dorsal (p < 0-01)
figures.
t Significantly smaller than the dorsal (p < 0-05) figure.
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Fig 5 Meissner corpuscle with cells (arrows)
tentatively identified as Merkel cells in the basal
epidermal layer. This was the only specimen in which
several of these cells were seen in a group. Dorsal
surface, terminal phalanx, little finger; same subject.

............:

? ,%..%......~~~~~~~~~~~~~......
Fig 6 Cell (black arrows) identified as Merkel cell
at the base ofan intermediate ridge (IR). Note the
nerve fibre (white arrows) in close proximity to the cell.
Palmar surface, terminal phalanx, little finger; same
subiect.
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Fig 7 Effect of skin temperature on threshold.

crimination increased when followed from
palmar to dorsal sites, the differences being
statistically significant.

Discussion

Clinicians badly need a simple standardised
method of establishing touch detection thres-
holds without having to use cumbersome
research apparatus. The method used in this
investigation has the essential simplicity of the
von Frey hair without its major disadvantages
of uncontrollable movement, variable applica-
tion, and difficulty of accurate placement. It
could perhaps form a basis for recording
standard threshold data against which the per-
formance of individuals could be evaluated; the
instrument we used is cheap, portable, and easy
to make.
The use of eight out of 10 positive responses

as an arbitrarily defined threshold was suggested
by Thompson et al'3 on the following statistical
grounds. With a stimulus intensity far below
threshold the probability of obtaining a response
is zero (p=O). If the stimulus is far above
threshold, p= 1. If the stimulus is exactly at
threshold level, chance alone would determine
whether a given stimulus obtained a result or
not, and p=0*5, so that on applying the stimulus
ten times, five positive responses would be
expected. A finding of eight out of 10 positive
responses exceeds the expected number by 19
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times its standard error, and such an excess
would occur by chance fewer than three times
in a hundred. Hence it is legitimate to assume
that the threshold has been passed. However
open to mathematical argument this reasoning
may be, the method has the advantage that if a
subject accumulates three "masses" the ex-
perimenter can proceed to the next level of
intensity without undue delay.

Sensory thresholds are influenced by many
factors, both local and general'4 and the number
of Meissner corpuscles in the fingers varies with
age"5 and the level of the site.'6 In order to
reduce these variables the test sites were on
the same finger segment on the nondominant
side of individuals of similar age and occupation,
examined at one session under the same con-
ditions. The sequence in which the test sites
were stimulated was randomised so that any
possible "learning effect" was obviated.
Two minor problems may be briefly men-

tioned. The finding that some subjects ap-
proached threshold in a step-like manner, while
others approached it gradually, perhaps indicates
that some aspect of personality may be involved
in the decision-making process. Secondly, the
occasional occurrence of both "on" and "off"
responses to a single stimulus conflicts with the
statement of Kenshalo'7 that the force required
to obtain an "off" response from a touch
stimulus is six to 10 times as great a.s the force
needed to elicit an "on" response. This was
certainly not the case in the present investiga-
tion.
The most striking finding is the discrepancy

between the touch detection thresholds and the
populations of Meissner corpuscles. The figures
for the density of corpuscles in the palmar aspect
of the little finger are in good agreement with
previous reports'5 '8 '9 and so the figures for the
other two sites, obtained by the identical
technique, may be regarded as giving a reliable
comparative estimate of population densities.
Although the histological material on which our
counts are based was derived from manual
workers, there appears to be no objection to
comparing them with thresholds obtained from
medical students, since Bolton et al' found no
evidence that occupation influenced the con-
centration of Meissner corpuscles. The dorsal
skin had far fewer Meissner corpuscles per unit
area than the lateral skin, yet the touch detec-
tion thresholds of the two areas did not differ
significantly. Again, there was no significant
difference between the populations of corpuscles
in the palmar and the lateral sites, yet the

palmar skin was significantly more sensitive to
touch. We must therefore conclude that the
presence of Meissner corpuscles in substantially
greater numbers does not necessarily confer
greater sensitivity to tactile stimuli of the kind
employed. Nor do two areas similarly endowed
with Meissner corpuscles necessarily have similar
thresholds to such tactile stimuli.
Our results therefore fail to support the idea

that Meissner corpuscles, whether or not they
are to be identified with the rapidly adapting
mechanoreceptors of electrophysiology, are
responsible for the detection of tactile stimuli.
It is, of course, possible that the Meissner
corpuscles of the palmar surface have a more
effective transduction mechanism, or that their
performance is selectively modified by un-
myelinated efferents, as has been suggested for
the Pacinian corpuscle.20 21 A more likely
supposition is that the palmar skin may convey
the stimulus deformation more efficiently to the
corpuscles. The ridge structure on the palmar
and lateral surfaces of the terminal phalanx is
similar, but the palmar epidermis is 16 times
thicker.22 Or perhaps some as yet unidentified
differences in the coupling of the receptors to
the epidermis or connective tissue could in-
fluence stimulus transmission. As Quilliam2l has
said, we need more information on the micro-
mechanics of different skin areas.

Johnsson and Vallbo' found that, although
the electrophysiological thresholds for rapidly
adapting units in the human palm and finger
tips were of the same order of magnitude, the
psychophysical thresholds were lower in the
finger tips. Vallbo8 accounted for this by
postulating differences in the central processing
of the information coming from the finger tips
and from the palm. If this idea is correct, and
there is no simple relationship between electro-
physiological and psychophysical thresholds, we
need not expect to find a simple correlation be-
tween endorgan concentrations and tactile
thresholds.

If we reject the Meissner corpuscle as a
threshold detector for touch what can we put
in its place? Lindblom2" proposed the Pacinian
corpuscle for this task, but later' (1976) with-
drew the suggestion on finding that the rapidly
adapting units were equally sensitive and had
lower critical slopes. In our sections Pacinian
corpuscles were equally abundant in lateral 'and
palmar skin, but were never seen in dorsal skin.
Cauna2 has suggested that the intermediate

epidermal ridge, with its associated Merkel
complexes, could form 'a receptor responding to
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the displacement of the overlying epidermal
ridge. No quantitative estimates of the occur-
rence of these receptors seem, however, to have
been reported. Chouchkov24 has never found
Merkel complexes in the "adhesive ridges" of
the human dermis, and Quilliam2" has stressed
that the problem of their numbers and dis-
tribution in human glabrous skin remains un-
resolved.

Ruffini corpuscles were first described in hu-
man fingers25 but, although they are common in
joint capsules2" and have been described in the
hairy skin of cats27 there do not appear to have
been any recent reports of their presence in
human glabrous skin. Nothing resembling a

Ruffini corpuscle was seen in our sections.
We are therefore left with the free nerve

terminals, and it may be that the differing
sensitivity of the three areas is due primarily
to differing densities of the populations of free
terminals rather than those of the organised
receptors, which may play a different role in
sensation. The sensitivity of the dorsal surface
could be assisted by the fact that the epidermis
here is only about 0-6 times as thick as the
lateral epidermis22 and the interface between
dermis and epidermis is much smoother. Both
factors might permit a deformation to be
transmitted over a wider area, so recruiting more

endings.
The two-point discrimination thresholds we

obtained show a difference between palmar and
lateral sites which one would not expect on the
basis of the relative densities of Meissner
corpuscles if these are to be accepted as the
main endorgans concerned. But the trend of
the figures is in the same direction as the figures
for the Meissner distributions, and their possible
role in two-point determination2829 cannot be
excluded. It is nevertheless necessary to re-

member that Meissner corpuscles are not needed
for two-point discrimination elsewhere: the tip
of the tongue and the tip of the nose perform
better in distinguishing two points than the
finger pads,30 31 yet they contain no typical
Meissner corpuscles.23

In summary, the recorded differences in touch
detection thresholds cannot be satisfactorily
accounted for merely in terms of differential
concentrations of organised receptors, though it
remains possible that the Meissner corpuscle is
concerned in two-point discrimination. It is
perhaps important that our findings refer only
to the passive reception of tactile stimuli, for
it may be that the Meissner corpuscle has a

role to play in what has become known as

"active" touch34-that is discriminative activities
in which handling of objects is involved.
Cauna35 suggested that direct recording
from Meissner corpuscles might be feasible if
the epidermis were shaved off. The exposed
corpuscles could be identified by methylene
blue and stimulated directly while recording
from the appropriate cutaneous nerve. If this
could be done, the situation would be ap-
preciably clarified.
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