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Abstract: Meissner’s corpuscles are generally considered to be located in the dermal papilla of hairless skin on the fingers,
toes, palms, soles, lips, eyelids, nipples, and genital organs. We used hematoxylin and eosin staining to examine the
distribution of Meissner’s corpuscles in skin tissues of the fingertips, palms, lips, nipples, and labia majora and minora
obtained from cadavers. Many Meissner’s corpuscles were observed in the dermal papilla of the fingertips, whereas the
palms had only 20% as many. Meissner’s corpuscles were rare in the lips, nipples, and external genital organs, which have
relatively high two-point discrimination. Because Meissner’s corpuscles are rapidly adapting mechanoreceptors, they may
quickly detect changes in tactile sensation, including two-point discrimination, in the movable glabrous skin. In conclusion,

Meissner’s corpuscles might be rare in non-movable glabrous skin compared to the fingertips and palms.
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Introduction

Meissner’ corpuscles are tactile corpuscles located in the
dermal papillae of hairless skin, and are generally believed
to be distributed in the fingertips, toe tips, palms, soles, lips,
eyelids, nipples, and genital organs. A Meissner’s corpuscle
is egg-shaped, with an 80-um-long axis perpendicular to
the skin surface and a width of about 40 pm. The corpuscle
consists of flattened supportive cells, Schwann cells, laid
horizontally and forming lamellar discs, a distinct feature of
the Meissner’s corpuscle. Each corpuscle is surrounded by a
connective tissue capsule. Myelinated nerve fibers enter and
branch into unmyelinated nerve fibers between the cells [1, 2].
The external capsule is linked to both the lamellar discs and
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epidermis via collagen fibers [3].

Meissner’s corpuscles are very sensitive, rapidly adapt-
ing mechanoreceptors that are mainly responsible for two-
point discrimination. Some reports suggest that they also
function to detect light touch [4, 5], which may be associated
with their distribution in sensitive areas of the lips, eyelids,
nipples, and genital organs.

Meissner discovered tactile corpuscles in 1853, and re-
searchers have subsequently studied their structure and dis-
tribution. The development of electron microscopy revealed
the microscopic structure of Meissner’s corpuscles. However,
their distribution remains unclear [6-8].

Because many Meissner’s corpuscles are on the hands
and feet, most studies have examined them in the fingertips
and palms. Differences in the distribution of Meissner’s cor-
puscles have been reported between the hands of males and
females, by finger region, and in patients with neurological
diseases [9-11].

We frequently observed that Meissner’s corpuscles were
distributed in the fingertips and palms in the other study.
However, few Meissner’s corpuscles have been observed in
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other skin tissues such as that of the lips, eyelids, nipples, or
genital organs. There are two possible explanations for these
findings. First, Meissner’s corpuscles may exist in all of these
areas, but we have not simply observed them in sufficient
tissue specimens, or they may not exist other than in the fin-
gertips and palms. Therefore, we examined these hypotheses
by observing the distribution of Meissner’s corpuscles in
various tissues.

This required observing as much tissue area as possible.
The distribution of Meissner’s corpuscles is related to the
sensory functions of the body. The association between the
distribution and function of Meissner’s corpuscles was also
investigated to re-evaluate the distribution of Meissner’s cor-
puscles in human skin.

Materials and Methods

Materials

Tissues were obtained from the fingertips, palms, lips,
nipples, and labia majora and minora of five cadavers do-
nated for medical research and education to the Department
of Anatomy, College of Medicine, Chungnam National Uni-
versity, Korea. All five were women, and the average age was
67.3 years (range, 53-75 years).

Methods

Using a scalpel and scissors, tissue from the body was dis-
sected into 1-cm” pieces including the epidermis and dermis.
The samples were post-fixed for 1 day in 10% formalin and
then embedded in paraffin in the vertical direction relative
to the skin. Beginning where both the epidermis and dermis
appeared, they were sectioned continuously to a thickness
of 5 um, with up to 400 sequential sections from each speci-
men. Hematoxylin—eosin staining was performed on the tis-
sue slides.

The stained tissues were observed repeatedly by three re-
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search assistants, who checked all Meissner’s corpuscles and
corpuscle-like structures in the tissues. All tissue slides with
Meissner’s corpuscles and corpuscle-like structures were
photographed (magnification, x100). The images were modi-
fied to 50% opacity using Adobe Illustrator and then overlaid
with previous photos, counting a Meissner’s corpuscle as the
same one if it was in the same location.

We counted number of Meissner’s corpuscles with the
photograph images using Adobe Illustrator program in the
consecutive sections. The observed total area was approxi-
mately 20 mm?® (5 pmx10 mmx400 sheet). The density (/
mm?) of Meissner’s corpuscles was calculated by observed
total number of the corpuscles divided by 20.

Results

Many Meissner’s corpuscles were observed in the dermal
papilla of the fingertips (5.92/mm?), with fewer in the palms
(1.15/mm’, about 20% the number in the fingertips) (Fig. 1,
Table 1). However, no Meissner’s corpuscles were observed
in the dermal papilla of the nipples or labia majora (Fig. 2A,
B, Table 1), and only few Meissner’s corpuscle-like structures
were observed in the lips and labia minora (Fig. 2C, D, Table
1).

Table 1. The number of Meissner’s corpuscles in various skin tissue

Region Sample No. No. of Meissner’s corpuscle
Fingertips 5 5.92+2.16
Palms 5 1.15+0.78
Lips 5 0.12+0.07
Nipples 5 Not observed
Labia majora 5 Not observed
Labia minora 5 0.05+0.04

Values are presented as mean+SD (/mm”).

Fig. 1. Many Meissner’s corpuscles
were found in the dermal papillae
of the fingertips (A) and palms (B)
(arrow). Meissner’s corpuscle, Scale
bars=50 um (A, B).
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Discussion

We found many Meissner’s corpuscles in fingertips and
palms, but few in the skin of the lips, nipples, and female
external genital organs. Most studies of the distribution of
Meissner’s corpuscles have focused on the human hand.
Nolano et al. [12] reported 33/mm’ Meissner’s corpuscles in
the fingertips, whereas Kelly et al. [13] reported 2.7/mm”’ in
the fingertips and 1.33/mm” in the palms. Our results were
closer to those of Kelly et al. [13] than those of Nolano et al.
[12].

We used skin samples taken from aged females (average:
67.3). The density of Meissner’s corpuscles is decreased by
aging. The number of Meissner’s corpuscles in the fingertips
was decreased approximately 0.05/mm” per year in our previ-
ous study (in the article of Master degree of the correspond-
ing author). Therefore, the number of Meissner’s corpuscles
in the hands, lips, nipples, and external genital organs in our
study might be lower than that of young people. However,
the density change in Meissner’s corpuscles by aging may
not influence crucially the density pattern in Meissner’s cor-
puscles among the regions in human body.

Our results differed from the reported distribution of
Meissner’s corpuscles, which includes the dermal papillae
of the hairless skin of the hands, feet, lips, eyelids, nipples,
and genital organs [1-3, 6, 14]. There are unquestionably

Fig. 2. Meissner’s corpuscle was not
observed in the dermal papillac of the
nipples (A) and labia majora (B). There
were few Meissner’s corpuscle-like
structures in the dermal papillae of the
lips (C) and labia minora (D) (arrow).
Meissner’s corpuscle-like structure,
Scale bars=50 pm.

many Meissner’s corpuscles in the fingertips and palms, but
the distribution of Meissner’s corpuscles in the lips, eyelids,
nipples, and genital organs requires re-evaluation. We found
very few Meissner’s corpuscles other than in the fingertips
and palms, suggesting that Meissner’s corpuscles have little
role in tactile sensation, including two-point discrimination
in lips, nipples, and genital organs.

To understand the distribution and function of human
Meissner’s corpuscles, it is helpful to analyze their distribu-
tion in other animals. These corpuscles are found in the
soles of most animals’ feet; in the cat’s paw, they are present
in the foot pad [15]. Meissner’s corpuscles have been found in
the glabrous skin of primates, including the fingertips [16].
Interestingly, the tip of the elephant’s trunk, which plays an
elaborate role in grasping objects, contains many Meissner’s
corpuscles. Moreover, increased corpuscle density is corre-
lated with the extent to which primates are frugivorous [16,
17].

Schwann cells are stacked parallel to the skin in a lamel-
lar structure with nerve fibers located between them in
Meissner’s corpuscle. The Schwann cells and nerve fibers are
encapsulated and the capsule is connected to the surround-
ing epidermal layer by collagen fibers [5, 18]. Therefore,
Hoffmann et al. [17] argued that Meissner’s corpuscles detect
friction and deformation of the outer surface, providing
enhanced tactile perception. Kandel et al. [19] insisted that
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Merkel discs, and not Meissner’s corpuscles, respond most
sensitively to texture and that the main function of Meiss-
ner’s corpuscle is to detect stroking and fluttering sensations.

Meissner’s corpuscle functions primarily in two-point
identification. As measured using a two-point discrimina-
tor, the fingertips are the most sensitive area followed by
the palms, which have fewer Meissner corpuscles than the
fingertips. Braille can only be read using the fingertips, es-
pecially the centers of the fingertips, which have the highest
concentrations of Meissner’s corpuscles and Merkel discs [19].
The fingertips are sometimes referred to as the secondary
eye.

We confirmed that there are more Meissner’s corpuscles
in the palms than in the lips. This suggests that the palms
are capable of better two-point discrimination than the lips;
however, the opposite is true [19]. Therefore, it may be too
simple to say that Meissner’s corpuscles are responsible for
two-point discrimination.

Meissner’s corpuscles are rapidly adapting mechanorecep-
tors, whereas the Merkel discs are slowly adapting mecha-
noreceptors [1, 19]. Both the tip of an elephant’s trunk and
human fingertips, both of which contain many Meissner’s
corpuscles, are highly movable and therefore require dynam-
ic tactile sensation, including two-point discrimination. As
rapidly adapting mechanoreceptors, Meissner’s corpuscles
could play a role in dynamic tactile sensation. Zimmerman
et al. [3] reported that Meissner’s corpuscles were sensitive to
movement across the skin. The human fingertips also have
many Merkel discs [3, 19]. The standard two-point discrimi-
nation test is a static, not a dynamic, test. Therefore, the sen-
sitivity measured by this test may be determined mainly by
the distribution of slowly adapting Merkel discs rather than
Meissner’s corpuscles.

The accepted explanation for the distribution and func-
tion of Meissner’s corpuscles, i.e., that Meissner’s corpuscles
are distributed in the fingers, toes, palms, soles, lips, eyelids,
nipples, and genital organs, may require modification. Un-
like the mobile hands and feet, the lips, eyelids, nipples, and
genital organs may not require rapidly adapting mechanore-
ceptors. Their two-point discrimination ability might be pri-
marily due to other mechanoreceptors, such as Merkel discs.
To prove this, it is necessary to examine the distribution of
Merkel discs. In a future study, we will compare the distribu-
tions of Meissner’s corpuscle and that of Merkel discs using
immunohistochemical staining in various skin tissue [20, 21].

In conclusion, many Meissner’s corpuscles are found in
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the fingertips and palms, but few in the lips, nipples, and ex-
ternal genital organs. Considering that Meissner’s corpuscles
are rapidly adapting mechanoreceptors, they may detect
quick changes in tactile sensation, including two-point dis-
crimination, in the movable (i.e., dynamic) glabrous skin.
Therefore, Meissner’s corpuscles in non-movable glabrous
skin might be rare compared to their distribution in the fin-
gertips and palms.
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