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The mechanical interactions with external objects are sensed by
mechanoreceptors. These sensory receptors respond mechanical distortions
or pressure and can be found both in hairless and hairy skin regions. Four
main types of mechanoreceptors are there in hairless skin zone, i.e. Pacini’s
corpuscles, Ruffini’s endings, Meissner’s corpuscles and Merkle’s nerve
ending. Figure 3.2 shows the exact locations of the four main types of
mechanoreceptors within the skin layers.
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The Pacini’s corpuscle detects rapid vibration (200-300 Hz). Ruffini’s
endings are responsible for detecting tension deep in the skin. The main
functions of Meissner’s corpuscles are to detect and adapt the changes in
texture. Merkle’s nerve endings detect sustained touch and pressure [3,
4]. Hair follcle’s nerve ends and free nerve ends are also mechanoreceptors.
Hair follcle’s nerve ends sense the changes in position of hairs and the
free nerve ends sense touch, pressure and stretch.

Peripheral
nerve bundle

The thermoreceptors are the sensory receptors which code the absolute
and the relative changes in temperature, primarily within the safe
temperature range and also respond to both constant and fluctuating skin
temperatures. There are two types of thermoreceptors: cold receptors and
warm receptors. The cold receptors have a peak sensitivity of around 25—
30°C and are excited by reduction in temperature. The warm receptors
have a peak sensitivity of around 39-40°C and are sensitive to increase in
skin temperature [4, 5].
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The nociceptors are the sensory receptors which are responsible for
sensing the pain, like heating the skin, strong pressure, or contact with
sharp or damaging objects. These receptors have relatively high thresholds
to act as warning devices that enable the organism to take protective action
in time [5]. They react to potentially damaging stimuli by sending nerve
signals to the spinal cord and brain.
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3.2.1 Sensations related to mechanical stimuli

The mechanical sensory perceptions of clothing are mainly of four
types, namely wear sensations during activity; prickle, itch and rashes;
touch and pressure sensations; and roughness and scratchiness
sensation [5].
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Prickle, itch and rashes

One of the very common types of discomfort sensations related to
mechanical stimuli is prickle. The wearers always complain about the
prickle for those clothing which are used next to skin. For example, a
person feels prickle sensation when he wears a woollen inner garment,
especially with coarser wool in hot and humid condition. Prickle is usually
described as the sensation of many gentle pinpricks. It’s a common
perception that the prickle sensation associated with wool is related with
skin allergic response. The degree of discomfort caused by prickle varies
with person, skin type, humidity and temperature of atmosphere as well as
in the microclimate, type of fibre used in clothing, etc. The relationship
between prickle and itch sensation and human cutaneous small nerves have
been studied [13], where skin sensations were tested on the forearms of
different volunteers, in whom anoxia nerves blocks of the forearms were
produced by inflating a blood pressure cuff (about 270 mm Hg) on the
upper forearm, as shown in Fig. 3.4.
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Pressure exerted by
blood pressure cuff

\Touch sensastion on test setup [5]

Prickle sensation

Sensitivity Level

Loss of skin sensation

Time

3.5 Time course of loss of prickle and touch sensations [5]
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e Males have higher thresholds and more variations to sensitivity to
prickles than females. This means that female skin is more sensitive
towards prickle sensation, which is due to differences in features of
skin sensory nerves among male and female.

e With the increase of age of a person the hardness of his outermost
skin layer increases, thus the prickle sensitivity decreases gradually
with age. Due to the difference in skin hardness a kid may feel more
prickle sensation than an old person with a particular type fabric
touching the skin.

e The free nerve endings, which sense pain (nociceptors), are generally
located very close to surface of hairy skin, but not in glabrous skin.
On the human body, glabrous skin is skin that is hairless. It is found
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on fingers, palm of the hand or the sole of the foot. Due to absence
of nociceptors close to the skin surface the prickle sensation due to
fabric 1s not felt with figures, palms or feet.

e It has been observed that in hot and humid environment a person
feels more prickle sensation. The outermost layer of the epidermis
consists of dead cells, which is known as stratum corneum. The
stratum corneum becomes soft in humid condition and the protruding
fibres from garments can easily penetrate through it, which results
prickle sensation. It has also been reported [15] that for constant
humidity the prickle sensitivity increased with the increase in ambient
temperature in the range of 12—32°C. This is due to increase in the
skin moisture content due to perspiration in hot and humid conditions,
which result in the increase in softness of stratum corneum.
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Touch and pressure sensations

Human body can evoke the sensation of touch and pressure at any point
on the surface, but the sensitivity varies from one region of body to another.
In the process of fabric—skin contact and mechanical interaction during
wear, clothing exerts pressure and dynamic mechanical stimulation to the
skin which in turn triggers various mechanoreceptors and generates a wide
range of touch and pressure sensations.
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Roughness and scratchiness sensations

Roughness and scratchiness sensations depend on the surface texture of
fabrics and the way the fabrics move over the human skin surface. During
activity of a clothed person, the fabric moves across the underlying skin
and the fabric to skin friction (both static and kinetic friction) resisting
that movement forces the skin to displace. This displacement of skin
stimulates the sensory receptors that are responsible for touch sensation.
As the surface roughness of fabrics increases, this displacement of skin
also become more and the sensory receptors detect this difference in
sensation. Higher fabric to skin friction results more skin abrasion [5, 21].

11



Slos: 0 2

3.2.2 Sensations related to thermal stimuli
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3.2.3 Sensations related to humidity stimuli

There are different types of receptors in the human skin, which sense
different types of physical stimuli including touch, pressure, thermal,
cold and pain. However, there is no receptor in the skin that

responds for moisture or dampness sensation [31].
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3.3 Sensory perceptions of
human body
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The sensory perception of human skin is commonly measured by the two-point
threshold method. This is the minimum distance between two point-like indentations
applied to the skin below which only a single point of contact is detected with the
senses The pressure applied below the two-point threshold distance feels like one
point, and beyond that one can feel distinct differences in pressure. This value varies
from 2.5 mm in the fingers, up to as much as 50 mm for other body regions [37] as

shown in Fig. 3.12 and Table 3.1 [32].
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3.4 Physiological requirements of the human body

3.4.1 Metabolic heat and body temperature
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