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The relation of tactile thresholds to histology in the
fingers of elderly people
M F BRUCE

From the Department of Anatomy, Aberdeen University

SUMMARY Touch thresholds in a group of elderly people were determined for three sites on the
little finger. They were found to be raised by some two and a half times in each site, in comparison
with a group of young subjects. An age-associated reduction in the number of Meissner corpuscles
also was observed, but it is suggested that this may reflect a general reduction in peripheral
innervation and may not be necessarily directly related to the decrease in tactile sensitivity. No
significant sex differences were found either in sensory thresholds, or in the population density
of corpuscles.

The function of the Meissner corpuscle still is
not certain. Bruce and Sinclair' investigated the
sensory thresholds to passive tactile stimulation
on three sites on the little finger in comparison
to the populations of Meissner corpuscles in the
same three sites in amputated fingers. No satis-
factory relationship was found.
Because the subjects used in that investigation

were all young adults, and because it is known
that Meissner corpuscles decrease in number and
alter their morphology as age advances,2 3 Meiss-
ner counts and threshold values in a group of
elderly people have been studied, using identical
procedures to those of the earlier study.

Materials and methods

Histology Skin was taken from six male (mean age
70 3 years: range 63-75 years) and six female
cadavers (mean age 73-8 years: range 62-83 years).
The sites sampled were the palmar, lateral (radial)
and the dorsal areas of the little finger of the left
hand. The skin was fixed in Bouin's fluid, embedded
in paraffin wax, cut normal to the skin surface in
serial sections at 15 gm, and then stained according
to the double silver impregnation technique of
Fitzgerald.4 Each section was scanned for the pres-
ence of organised endings, and then all the Meissner
corpuscles in an area varying from six to nine mm2
were counted. The concentrations of corpuscles were
then expressed as corpuscles/mm2.
Sensory testing The apparatus, the procedure and
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test sites were described previously,' except that five
of the volunteers were tested in their own homes;
the remainder were tested in a quiet room within the
department. All those who took part were healthy
and active; all were right-handed, and none had pre-
vious experience of sensory testing. All the seven
males and six of the eight females were doctors; the
remaining two females were doctors' wives. The mean
age of the males was 69 v 7 years, with a range of
62-79, and the mean age of the females was 71 9,
with a range of 65-78.

Results

HISTOLOGY
General The distribution of the corpuscles was
much more irregular than in the young material
studied previously. Many were situated at some
distance from the epidermis and others were
orientated obliquely in their papillae (fig 1). There
were no obvious morphological differences
between the corpuscles from the palmar and the
lateral surfaces; in both sites there was a pre-
dominance of large lobulated forms (fig 2). No
age changes in morphology were evident in the
corpuscles on the dorsum.
Effect of site The mean counts of Meissner
corpuscles from the cadaver material are shown
in table 1. The figures for the palmar and lateral
sites did not differ significantly, but each was
significantly greater than that for the dorsal site.
Effect of sex There were no significant differ-
ences between the sexes in the Meissner counts
at any site (table 1).
Effect of age Table 2 compares the figures
obtained from the elderly cadavers and those
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'1E.m!m Table Alean number of Meissner corpusclesper mmI2, with standard errors

20uLI

Fig 1 Obliquely orientated Meissner corpuscle;
palmar surface, fifth finger, female subject aged
70 years.

7.~~~~~A

Fig 2 Large lobulated Meissner corpuscle; from the

same sr,ecimen as fig 1.

Site
Pal/nar Lateral Dorsal

54 58 09*
Males

1.0 1-6 1 2

6 1 6-3 06t
Females l -

1-2 10 02

5-7 6-0 0 71
Combined ± ±

0 8 0 9 0-2

*Significantly lower than the palmar (p < 0 01) or the lateral (p < 0 02)
values.

tSignificantly lower than the pal.nar (p < 001) or the lateral(p < 0-01)
values.

+Significantly lower than the palmar (p<0 00l) or the lateral
(p < 0 001) values.

Table 2 Mean number of corpuscles per mm-,
with standard errors

Site
Palmar Lateral Dorsal

*Combined sexes 20-7 17 4 3-1
young group - ±
n--5 2 3 1 5 1-4

Combined sexes 5 7 6 0 0 7
elderly group t- -

n=12 0-8 09 02

*From Bruce and Sinclair.1

obtained from young amputated fingers.' The
mean number of corpuscles in the elderly sample
showed a reduction to 28% of the figure obtain;d
for the young material for the palmar site and
to 34% and 23% respectively for the lateral and
dorsal sites.
Other receptors Pacinian corpuscles were rela-
tively frequent in both palmar and lateral skin,
though not as abundant as in the young material
and none were observed in dorsal skin: no counts
were made. No other type of organised receptor
was observed in any site examined, and few
identifiable Merkel cells were seen.

TACTILE THRESHOLDS
General The nature of the responses varied as
it had done in the young group previously
examined.' Some subjects were hesitant, particu-
larly round threshold levels, and became confident
as the threshold was exceeded. Some responded
very slowly and deliberately, and some occasion-
ally answered to both the "on" and the "off"
phase of a single stimulus. False positive responses
were rare. The comfortable, quiet surroundings,
the simplicity of the apparatus and procedure, and
the relatively short time involved (about 30
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Table 3 Mean threshold in grams with standard
errors

Site
Palmar Lateral Dorsal

0-24 0 40 0-58
Males i ± i

005 007 015

0-15 0-32 0-43
Females ± ± ±

0 03 0-06 0 15

0. 19* 0-36 050
Combined ± ± i

0-03 0-09 0 13

*Significantly lower than the values for the lateral (p < 0 001) or for
the dorsal (p < 0-001) sites.

Table 4 Mean threshold in grams with standard
errors

Site
Palmar Lateral Dorsal

*Combined sexes 0 07 0-16 0 19
young subjects ± i i

0-006 0-03 0-06

Combined sexes 0.19 0-36 0 50
elderly group ± ± ±

003 009 013

*From Bruce and Sinclair.1

minutes to test all three sites) ensured that atten-
tion and concentration could be maintained
throughout the testing period.
Effect of skin temperature Skin temperature
ranged from 22a1 °C to 35-1 °C, but as in the
young subjects previously examined, there was no
correlation between the skin temperature and the
tactile threshold.
Effect of sex Although the values for thresholds
were smaller for the females in all three sites
(table 3), the differences were not statistically
significant (p>O-1 for the palmar site; p>0 3
lateral; p>02 dorsal).
Effect of site Table 3 shows that there was no
significant difference between the mean thresholds
obtained from the dorsal and lateral sites
(p>Of1), although the figures for the dorsal sur-
face were higher. The palmar surface was
significantly more sensitive than either of the
other two sites (p<0001) in both cases).
Effect of age Table 4 compares the thresholds
found in the present investigation with those
obtained for the young group by Bruce and
Sinclair.' The thresholds were elevated by a factor
of 2f7 (compared with the mean value in the
young group) on the palmar surface; by 2-2 on
the lateral surface and by 2-6 on the dorsal sur-
face. Within the age range of the elderly group
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Fig 3 Effect of advanced age on tactile thresholds.

studied there was no clear evidence of a very
marked decline in sensitivity as age advanced
(fig 3).

Discussion

Exactly why Meissner corpuscles are reduced in
number, change in shape and size, and show a
tendency to drift away from the epidermis in old
age is not known, but the present quantitative
and morphological findings are in conformity with
previous work.2 3 5 6 It has been suggested by
Cauna3 that occupational wear and tear might be
a factor, and in fact the decrease in number of
corpuscles is slightly less on the lateral surface,
which is the most sheltered of the three sites
sampled.

It is possible, however, that the primary factor
is to be found, not in the effect of trauma to the
skin, but in the peripheral nervous system. Corbin
and Gardner7 reported a 32% decrease in the
number of myelinated fibres in human peripheral
nerves, and Gardner8 a similar decrease in the
number of spinal ganglion cells though this was
not confirmed by Ohta et al.9 Swallow'0 reported
a significant decrease in the proportion of large
diameter fibres with age, while Weddell" found
an increase with age in the number of fibres in
the radial nerve but a decrease in their diameter.
There also is conflicting evidence regarding a
possible reduction in the number of unmyelinated
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fibres with age.'2 13 The Meissner corpuscles,
although supplied by myelinated fibres have no
monopoly of them, and it is likely that any reduc-
tion in the number of nerve fibres would produce
a general reduction in the number of terminals
of many kinds; the changes in the Meissner popu-
lation would simply be among the most easily
noticed.

In the elderly subjects the elevation in touch
thresholds is of the same order in all three sites,
suggesting a general process affecting receptor
efficiency. This could simply result from a loss
of nerve fibres, or from changes in skin struc-
ture14-'6 which could reduce the efficiency of
stimulus transmission.

It is generally agreed that sensitivity within the
modality of touch deteriorates in old age, though
relevant literature is remarkably sparse.
Jalavisto et al17 found a gradual decline in corneal
sensitivity to touch until the age of about 50, after
which it accelerated. Ronge2 associated a reduc-
tion in tactile acuity in the fingers with a
reduction in the number of Meissner corpuscles,
but Dickens et al5 noted that the age-related
decrease in acuity did not correspond with the fall
in the number of corpuscles. Dyck et al'8 recorded
a decrease in tactile acuity on the dorsum of the
index finger and the great toe, and Bolton et a!"
found a decrease in two-point discrimination, as
did Gellis and Pool.19 Newman and Corbin20
reported a lessening of vibration sensitivity in the
digits, and Cosh2l confirmed this for the toes, but
found it did not occur to the same extent in the
fingers. Bender22 found that nearly half of a

group of 150 subjects over 60 years of age showed
mild defects of vibration sense; this was associated
with a sharp decrease after the age of 65 in the
ability to detect and localise stroking stimuli on
the face and the dorsum of the hand. There is
some evidence that elevation of the thresholds
starts earlier than the age of the youngest of the
present group,17 19 and the results reported here
suggest that the major decline in tactile threshold
must have preceded the sixties.
There was no evidence of sex differences in

threshold in any of the three sites in either the
young' or the older group, and this conflicts with
the findings of Weinstein23 and Dyck et al.18 This
may be because both the young and the older
groups studied in this laboratory were particularly
well matched for handedness, background (the
young group were medical students), motivation
and intelligence. The elderly group in particular
probably represents a section of the population
which takes unusually good care of the hands, so

minimising the effects of differences in skin care

or exposure to minor trauma. In contrast,
Weinstein's group consisted of students, skilled
and unskilled workers, while Dyck et al give no
details of the group which they studied.

In the previous study on young adults' the most
striking finding was the discrepancy between the
touch detection thresholds and the population of
Meissner corpuscles. The results reported here
confirm the lack of correspondence between sen-
sory thresholds and receptor densities. The palmar
surface of the finger was significantly more sensi-
tive than the lateral surface despite the fact that
the mean number of corpuscles was slightly higher
on the lateral surface while the lateral surface
was not significantly different in sensitivity from
the dorsal surface despite the significantly greater
number of corpuscles on the former.
Thus the results of the present study reinforce

the opinion of Bruce and Sinclair' that Meissner
corpuscles are not primarily responsible for the
passive thresholds in human finger skin.

Before an explanation can be given for the
decrease in touch thresholds in old age, more
quantitative information will be needed on the
age changes in skin structure and innervation and
on the age changes in the peripheral and central
nervous systems.

I am grateful to Professor DC Sinclair for his
comments on the manuscript, to Mr A Michie
for technical assistance and to the volunteers who
took part.
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