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Abstract

Studies have demonstrated that some cutaneous biophysical properties vary
with the part of the body. The results to date of skin conditions in human skin
of multiple parts of the body have not yet been well established. In this study,
we assessed the differences in the skin’s sebum, moisture, pores, wrinkles,
pigmentation, and elasticity of each body part in Korean men in their 20s. A
total of 34 healthy men were enrolled. A Skin Diagnosis Meter was used to
measure the skin’s surface sebum, moisture, pores, wrinkles, pigmentation,
and elasticity of each body part. The sebum content was significantly higher
on the face than at other sites. Moisture was significantly high on the feet.
Pores were significantly high on the face. Wrinkles were significantly high on
the face. Pigmentation was high on the face and neck, but not significantly.
Elasticity was significantly high on the hands. In the correlation analysis re-
sults, sebum and pore were positively correlated, but sebum and moisture and
wrinkle and elasticity were negatively correlated. For nearly the first time, this
study resulted in systematic reference values for standardized biophysical
measuring methods and body parts reflecting the skin physiology of healthy
South Korean men. The results show that skin’s surface sebum, moisture,
pores, wrinkles, pigmentation, and elasticity vary with the part of the body.
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1. Introduction

The skin is important to protect the body from various internal and external
factors caused by chemical and biochemical stress [1]. The typical structural lay-
ers of skin are well known: the hypodermis, dermis, and epidermis [2]. Sebum
glands, sweat glands, and collagen and elastic fibers are located in the dermis;
skin pores and melanocyte are located in the epidermis. The changes in the body
due to aging are influenced by many factors. Skin changes can be caused by ex-
ternal factors, such as air pollution, smoke, and photoaging, in addition to
chronological aging, resulting in increased skin pigmentation and wrinkles, de-
fective epidermal permeability barrier function, and reduced skin elasticity [3]
[4]. Moreover, the skin disorders of atopic dermatitis, psoriasis, and ichthyosis
result from decreased stratum corneum hydration and altered permeability bar-
rier function [5] [6] [7] [8]. Furthermore, impaired skin barrier function is typi-
cally found in dry skin, which exhibits the increased values of transepidermal
water loss and skin surface pH. This epidermal barrier insufficiency is reflected
by a decrease in stratum corneum hydration and decreased amounts of natural
moisturizing factor. Skin is influenced by internal factors, such as hormonal
factors, which influence the secretory activity of human sebaceous glands [9].
The maximum sebum production of men occurs in their 20s, making them sus-
ceptible to skin diseases such as facial acne and dermatitis [10]. Studies show
that large quantities of sebum and large pore can produce greasy skin and also
cause adult diseases [11]. Recently, many male activities occur outside, such as
physical activity, exposing them to sunlight [12] [13]. The ultraviolet (UV) radi-
ation in sunlight has many positive influences on the human body, such as
helping to release serotonin and playing an essential role in vitamin D synthesis
[14] [15]. Among the different types of UV, ultraviolet B (UVA-B) sustains
damage to the skin [16] [17]. So at this age, it is important for men to care for
their skin [18]. And, normal physiological functions are still occurring in each
part of the body, which can keep the skin healthy. In general, men have changed
their skin care and grooming habits, and there is an increasing demand for cos-
metic products for men [18]. The cosmetic product has a great effect on the skin
[19]. Clinically, studies have shown that aloe, which is commonly used as a cos-
metic product, affects collagen and fibroblast [20]. To date, however, very few
studies have analyzed the skin function of adults in their 20s. Therefore, the ob-
jectives of this research were to analyze the skin in terms of the sebum content,
moisture, pores, wrinkles, pigmentation, and elasticity in healthy South Korean

men.

2. Methods
2.1. Participants

A total of 34 healthy male subjects aged 20 - 29 years were enrolled in this study.
All subjects had no skin disorders at the study sites (Table 1). Seven sites were
identified. No skin care products had been applied to the measured sites for at
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Table 1. General characteristics of participants.

Variable Classification
Age (yrs) 239+04
Height (cm) 175.1 £ 0.6
Weight (kg) 70.7 £2.2
BMI (kg/m?) 23.0 £ 0.6
Gender (%) Male 34 (100.0)
Female -

Blood type (%) AB 4(11.8)
A 12 (35.3)

B 12 (35.3)

O 6 (17.6)

Smoking (%) Smoker 8 (23.5)
Nonsmoker 26 (76.5)
Drinking (%) Yes 34 (100.0)

No -

1 bottle/week 21 (61.8)

2 bottle/week 13 (38.2)

PSQI (score) 2.2+0.1
Skin injury (%) Injuries experience 15 (44.1)
Injuries inexperience 17 (50.0)

Don’t know 2(5.9)

Type of skin injury (%) Abrasion 8 (23.5)
Burns 5(14.7)

Incised wound 2(5.9)

Nothing 19 (55.9)

All data were presented as the mean + SE. SMM, skeletal muscle mass; BFM, body fat mass; WHR,
waist-hip ratio; BMI, body mass index; PSQI, Pittsburgh sleep quality index; RH and LH, right and left
hand; RF and LF, right and left foot; Dom-H, dominant hand; Dom-F, dominant foot.

least 24 h prior to the measurement, and the measured sites had not been
washed with soaps or surfactants for at least 2 h prior to measurement. No one
had gone without sleep the night before measuring, and cosmetics, sport activi-
ties, and saunas were not allowed for at least 12 h before the measurements. Par-
ticipants were asked to complete a questionnaire via individual in-depth inter-

views, which took 30 minutes per person [21].

2.2. Measurements

All measurements were performed in a sitting room. Human body was divided
into eight segment: face (anterior), ear (anterior and posterior), neck (anterior
and posterior), body (anterior and posterior), upper limb (anterior and post-
erior), hand (dorsal and palm), lower limb (anterior and posterior), foot (dorsal

and sole) (Figure S1). Face segment was divided into five points: anterior face
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P1 (most anterior point of the forehead, AFP1), anterior face P2 (a region of the
right cheek, AFP2), anterior face P3 (Pronasal, AFP3), anterior face P4 (a region
of the left cheek, AFP4) and anterior face P5 (chin, AFP5) [11] [22] [23]. Neck
segment was divided into two point including anterior, posterior and lateral as-
pects: anterior neck pointl (laryngeal prominence, ANP1) and posterior neck
point 1 (the region at the midpoint of occipital protuberance and vertebra pro-
minens, PNP1) [22]. Ear segment was divided into three point including ante-
rior and posterior aspects: anterior ear point 1 (anterior surface of the lobe
AEP1), posterior ear point 1 (posterior groove of the concha ridge, PEP1) and
posterior ear point 2 (posterior surface of the lobe, PEP2) [24]. Body segment
was divided into six point including anterior and posterior aspects: anterior
body P1 (at the midpoint of both acromion process point, ABP1), anterior body
P2 (at the midpoint of xiphoid process of sternum and navel, ABP2), anterior
body P3 (at midpoint of both ASIS point, ABP3), posterior body P1 (at the
midpoint of both superior angle, PBP1), posterior body P2 (at the midpoint of a
point located in a midpoint of both inferior angle and a point located in a mid-
point of both PSIS, PBP2) and posterior body P3 (at the midpoint of both PSIS
point, PBP3) [11]. Upper limb segment was divided into four point including
anterior and posterior aspects: anterior upper limb point 1 is a location within
the anterior portion of the proximal second of the upper arm (at the midpoint of
acromion process and point that is central point of medial and lateral epicon-
dyle, AUP1), anterior upper limb point 2 is a location within the anterior por-
tion of the proximal second of the upper forearm (at the midpoint of a point that
is central point of lateral epicondyle and medial epicondyle and a point that is
central point of styloid process of radius and ulna, AUP2) (Figure S1) [23] [25].
Posterior upper limb point 1 is a location within the posterior portion of the
proximal second of the upper arm (at the midpoint of posterior acromion point
and a point that is a center of medial and lateral epicondyle of humerus, PUP1)
and posterior upper limb point 2 is a location within the posterior portion of the
proximal second of the upper forearm (at the midpoint of medial and lateral ep-
icondyle of humerus and posterior central point of styloid process of radius and
ulna, PUP2). Hand segment was divided into seven point including palm and
dorsal aspects: dorsal hand point 1 (a central point between 4™ metacarpal of
head and 5" metacarpal of head, DHP1), dorsal hand point 2 (2" metacarpal of
head, DHP2), dorsal point 3 (capitate bone, DHP3), palmar hand pointl (2™
metacarpal of head, PHP1), palmar hand point 2 (5" metacarpal bone of head,
PHP2), palmar hand point 3 (1 metacarpal bone of head, PHP3) and palmar
hand point 4 (hamate bone, PHP4) (Figure S1) [26]. Lower limb segment was
divided into four point including anterior and posterior aspects: anterior lower
limb point 1 is a location within the anterior portion of the proximal second of
thigh (a greater trochanter and base of patellar, ALP1), anterior lower limb point
2 is a location within the anterior portion of the proximal second of shin (at the

midpoint of base of patella and a point that is central point of medial malleolus
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and lateral malleolus, ALP2), posterior lower limb point 1 (at the midpoint of a
point that is medial and lateral epicondyle of femur and greater trochanter,
PLP1) and posterior lower limb point 2 (at the midpoint of a point that is medial
and lateral epicondyle of femur and a point that is medial and lateral malleolus,
PLP2) [27]. Foot segment was divided into seven point including sole and dorsal
aspects: dorsal foot point 1 (4" metatarsal bone of head, DFP1), dorsal foot point
2 (1" metatarsal bone of head, DFP2), dorsal foot point 3 (navicular bone,
DFP3), sole foot point 1 (4™ metatarsal bone of head, SFP1), sole foot point 2 (1*
metatarsal bone of head, SFP2), sole foot point 3 (cuboid bone, SFP3) and sole
foot point 4 (plantar heel skin, SFP4) (Figure S1) [28] [29]. A Skin Diagnosis
Meter (SDM, 2016 BOMTECH ver. 3.20) was used to measure the skin’s surface
sebum content, moisture, pores, pigmentation, wrinkles, and elasticity on the
face, neck, ear, body, upper limb, lower limb, hand, and foot. During the mea-
surement of the skin, the normal fore level was 0.7N. The same investigator per-
formed all procedures in a room kept at a constant temperature (22°C - 24°C)
and humidity (45% - 55%) prior to measurement [11] [22] [23]. The skin testing
machine is made up of two meters: the E-cam measures sebum, pigmentation,
and pores, and the P-sensor measures moisture and elasticity. The E-cam meas-
ures the skin by using an X80 lens, and measures the amount of sebum by using
UV light. The meter measures the dermis layer of pigmentation, wrinkle length,
and pore size by using general light. The measurement area is in the range of 4
cm’ The P-sensor uses an electrode to send a current on the skin surface and the
skin reacts to the electricity. It creates a calculation by using the values of the
skin’s reaction to the electricity. To measure sebum, the meter uses skin UV to
see how much oil is contained in the affected area [24]. To make use of the se-
bum arbitrary units (SAU), the values are 0 - 650 (a few sebum), 650 - 1200
(normal), 1200 - 5000 (a lot of sebum), and 5000- (excessive sebum). To make
use of the moisture arbitrary units (MAU), set the values to 1% - 100% [22].
These values are 0 - 19 (very dry), 20 - 29 (dry), 30 - 39 (moderate), 40 - 49
(plenty of moisture), and 50- (a high amount of moisture). The P-sensor meter
uses a rectangular spring to measure elasticity. When the spring contacts the
skin, it measures how much the sticky part of the spring can be forced into the
skin. To make use of the elasticity arbitrary units (EAU), set the values to 1% -
100% [22] [30]. These values are 0 - 24 (very low elasticity), 25 - 34 (low), 35 - 44
(moderate), 45 - 54 (high), and 55 - (very high), which the values was expressed
in graph. The graph area showed skin surface’s reactivity value according to dis-
tance of measuring part. The data values were measured using Microsoft Office
Power Point 2007. Based on the x-axis on 0 to 25.5 cm and the y-axis on 0 to 20
cm, each coordinate was set on the basis of each vertex of the graph [31] [32]. By
connecting the set coordinates, we found the area of the graph. After creating
these subdivisions, each vertex of the graph was calculated using the Digital Ca-
lipers (Industrial Instrument Company, Mitutoyo, Japan) and the area was cal-

culated using program of the Origin Pro 2016 [33]. The graph of elasticity was
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analyzed by Riemann integration, which the formula for the area is given in eq-
uation (Figure S2) [31] [32]. To confirm the measured elasticity data, the Rie-
mann integration was used (Figure S3). Measuring pigmentation is done using
the general light [25]. The pigmentation arbitrary units (PiAU) are set at values
of 1 - 10 grade, with 0 - 2 (favorable), 2 - 4 (moderate), 4 - 6 (mild), and 6- (se-
vere). To make use of the wrinkle arbitrary units (WAU), set the values to 1 - 10
grade [26]. These are 0 - 2 (favorable), 2 - 3 (early mild wrinkles), 3 - 5 (early se-
vere wrinkles), 5 - 6 (thicker mild wrinkles), and 6- (thicker severe wrinkles). To
make use of the pore arbitrary units (PAU), set the values to 1 - 10 grade [23].
These are 0 - 2 (small size), 2 - 4 (moderate), 4 - 6 (broadish), 6 - 8 (large), and
8- (very large).

2.3. Statistical Analysis

The IBM SPSS Statistics software (Version 22.0, IBM Corp., Armonk, NY, USA)
was used for the statistical analysis. The protocol for this study was approved by
the Committee of Ethics in Research of Yong in University in accordance with
the terms of Resolution 5-1-20. The data were expressed as mean * standard er-
ror (SE) of the measurements. A significance level of a = 0.05 was chosen when
performing the independent t-test for comparisons between the sites. Finally,
Pearson’s correlation coefficients were performed to identify correlations among

the variables.

3. Results

The sebum content and moisture of the skin’s surface varies with body part

The general characteristics were observed healthy Korean men (Table 1). We
have summarized the segmentalized data of each body segment in supplementa-
ry data (Table S1), which enter the skin condition of each body segment. The
sebum content of the men we assessed was relatively close except for the face
and neck. The sebum content was high on the face (1306.8 + 104.3 SAU) and
slightly higher on the neck (173.6 + 37.7 SAU) (Figure 1(a)). The sebum content
of face was demonstrated to be significantly higher than other body parts
(Figure 1(a)). The moisture on the face (53.0 + 2.1 MAU), hand (52.9 £ 1.7
MAU), and foot (57.3 £ 1.5 MAU) was significantly higher than on the body
(40.8 + 1.4 MAU) (Figure 1(b)). However, there was no significant difference in
moisture among the body parts. The moisture value among them at the foot was
relatively higher than at other sites (Figure 1(b)).

The size of the pores on the skin’s surface varies with body part

The pore size on the face (6.0 £ 0.5 PAU) were significantly wider than at
other parts, and the pores on the neck (2.5 + 0.3 PAU) and lower limb (1.3 + 0.3
PAU) were wider than at other parts (Figure 2). Furthermore, the value of pore
size on the neck and lower limb were significantly increased compared with the
ear, respectively (Figure 2).

The wrinkle and pigmentation of the skin’s surface varies with body part
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Figure 1. Differences in the sebum and moisture of the skin’s surface for the other body parts.
Each bar represents the mean + SE. SAU, sebum arbitrary units; MAU, moisture arbitrary
units; Fa, face; Ea, ear; Ne, neck; Bo, body; UL, upper limb; Ha, hand; LL, lower limb; Fo, foot.
Statistically significant differences exist in Fa vs. Ea, Ne, Bo, UL, Ha, LL, and Fo (*p < 0.05), in
Bo vs. UL, Ha, LL, and Fo (*p < 0.05).

Pore (PAU)

"Fa Ea Ne Bo UL Ha LL Fo
(b)

Figure 2. Differences in the size of pores of the skin’s surface for the other body parts.
Each bar represents the mean + SE. PAU, pore arbitrary units; Fa, face; Ea, ear; Ne, neck;
Bo, body; UL, upper limb; Ha, hand; LL, lower limb; Fo, foot. Statistically significant dif-
ferences exist in Fa vs. Ea, Ne, Bo, UL, Ha, LL, and Fo (*p < 0.05), in Ea vs. Ne, Bo, UL,
Ha, LL, and Fo ('p < 0.05).

The number of wrinkle of the face (3.9 + 0.2 WAU) was significantly larger
than at other sites, but not neck (3.7 + 0.1 WAU) and hand (3.1 + 0.2 WAU)
(Figure 3(a) and Figure 3(b)). The number of wrinkle of the neck was signifi-
cantly larger than at other sites, but not face and hand (Figure 3(a) and Figure
3(b)). Furthermore, the number of wrinkle of the upper limb (0.7 + 0.2 WAU)
was significantly smaller than at other sites, but not ear (2.0 = 0.2 WAU) and
lower limb (1.4 £ 0.2 WAU) (Figure 3(a) and Figure 3(b)). Meanwhile, the
pigmentation of the face (3.7 + 0.2 PiAU) was significantly higher than at other
sites, but not neck (4.2 £ 0.3 PiAU) (Figure 3(a) and Figure 3(c)). The pigmen-
tation of the neck was significantly higher than at other sites, but not the face
(Figure 3(a) and Figure 3(c)). Furthermore, the pigmentation of the
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Wrinkle (WAU)

Pigmentation
(PiAU)

0
Fa Ea Ne Bo UL Ha LL Fo
(o)

Figure 3. Differences in the wrinkle and pigmentation of the skin’s surface for the other
body parts. Each bar represents the mean + SE. WAU, wrinkle arbitrary units; PiAU,
pigmentation arbitrary units; Fa, face; Ea, ear; Ne, neck; Bo, body; UL, upper limb; Ha,
hand; LL, lower limb; Fo, foot. °p < 0.05. Statistically significant differences exist in Fa vs.
Ea, Ne, Bo, UL, Ha, LL, and Fo (*p < 0.05), in Ea vs. Ne, Bo, UL, Ha, LL, and Fo ('p <
0.05), in Ne vs. Bo, UL, Ha, LL, and Fo (*p < 0.05), in Bo vs. UL, Ha, LL, and Fo (*p <
0.05).

upper limb (0.6 + 0.1 PiAU) was significantly lower than at other sites, but not
hand (0.9 £ 0.1 PiAU) and foot (0.3 £ 0.1 PiAU), respectively (Figure 3(a) and
Figure 3(c)).

The elasticity of the skin’s surface varies with body part

The elasticity of the face (52.3 + 1.1 EAU) was significantly higher than at
other sites, but not ear (52.4 + 1.3 EAU), hand (62.4 + 1.2 EAU), and foot (59.5
+ 1.2 EAU), respectively (Figure 4(a) and Figure 4(d)). Furthermore, the elas-
ticity of the upper limb (35.0 £ 1.7 EAU) was significantly lower than at other
sites, but not body (36.3 £ 1.5 EAU) (Figure 4(a) and Figure 4(d)). To confirm
the measured data, we used the integral formula. As a result, given the measured
elasticity data, the highest value obtained from the hand (Figure 4(b) and Fig-
ure 4(c)), and the highest values was similarly seen at the hands in the value us-
ing integral formula (Figure S3). We obtained the matching results from the

measured values and values using the integral formula.
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Figure 4. Differences in the elasticity of the skin’s surface for the other body parts. Each
bar represents the mean + SE. EAU, elasticity arbitrary units; Fa, face; Ea, ear; Ne, neck;
Bo, body; UL, upper limb; Ha, hand; LL, lower limb; Fo, foot; SAE and TAE, single and
total area of elasticity using the integral formula. *p < 0.05. Statistically significant differ-
ences exist in Fa vs. Ea, Ne, Bo, UL, Ha, LL, and Fo (*p < 0.05), in Ea vs. Ne, Bo, UL, Ha,
LL, and Fo ('p < 0.05), in Ne vs. Bo, UL, Ha, LL, and Fo (*p < 0.05), in Bo vs. UL, Ha, LL,
and Fo (*p < 0.05).

The correlation of skin conditions among variables

The Pearson’s correlation coefficients among components are shown in Table
2. In this study, the variables; sebum, moisture, pore, wrinkle, pigmentation and
elasticity, were classified. All variables input to continuous data. In the correla-
tion analysis results, sebum and pore (r = 0.390, p < 0.05) were positively corre-
lated, but sebum and moisture(r = —0.524, p < 0.01) and wrinkle and elasticity (r
= —-0.402, p < 0.05) were negatively correlated (Table 2).

The correlation between sebum and moisture

The Pearson’s correlation coefficients between sebum and moisture on face
are shown in Figure 5(a). There were significant correlation between sebum and
moisture on face. Among the parts of the body, sebum-moisture values of the
face (r = —0.492, p < 0.01) were negatively correlated (Figure 5(a)).

The correlation between sebum and pore

The Pearson’s correlation coefficients between sebum and pore on face are

shown in Figure 5(b). There were significant correlation between sebum and
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Table 2. Pearson’s correlation coefficient among skin conditions.

Sebum Moisture Pore Wrinkle  Pigmentation  Elasticity
Sebum 1
Moisture —0.524** 1
Pore 0.390* —0.469** 1
Wrinkle 0.178 0.455** —-0.034 1
Pigmentation 0.719** —0.471** 0.410* 0.302 1
Elasticity -0.076 -0.118 -0.179 —0.402* -.031 1
Data presented as Pearson’s correlation coefficients. *p < 0.05, **p < 0.01
Face
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Figure 5. Correlations among skin conditions from the 20’s male at face and foot. MAU,
moisture arbitrary units; SAU, sebum arbitrary units; PAU, pore arbitrary units; EAU,
elasticity arbitrary units; WAU, wrinkle arbitrary units. (a) & (b) Face; (b) Foot.

pore on face. Among the parts of the body, sebum-pore values of the face (r =
0.760, p < 0.01) were positively correlated (Figure 5(b)).

The correlation between wrinkle and elasticity

The Pearson’s correlation coefficients between wrinkle and elasticity on foot
are shown in Figure 5(c). There were significant correlation between wrinkle
and elasticity on foot. Among the parts of the body, wrinkle-elasticity values of

the foot (r = —0.773, p < 0.01) were negatively correlated (Figure 5(c)).

4. Discussion

The skin has various factors that protect it from internal factors, such as hor-

mones and temperature, and external irritation, such as tiny particles of dust, air
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and water pollution, human contact, and ultraviolet radiation, which can be in-
fluenced by the change in the skin’s biophysical properties [1] [2] [4]. This study
found that the average values of sebum for the ear, body, upper limb, hand, low-
er limb, and foot range from 0 to 14.83, and sebum values are higher at the face
and then the neck. This was also reported by mechanism studies of sebum. The
sebocyte was affected by both testosterone and 5a-DHT, and testosterone con-
trols the sebaceous glands on the face more than those on the upper and lower
limb [27]. Moreover, dehydroepiandrosterone levels proceed to a maximum at
about 20 years of age in men. Therefore, peak sebum content occurs in the 20
year age group in men [28]. In another study, Pochi reported that the develop-
ment and secretory activity of men’s sebaceous glands is influenced by hormonal
factors [10]. Sato reported that androgenic steroids, particularly of gonadal ori-
gin, are the hormones principally responsible for these effects and the only ones
shown to have a direct stimulatory effect on glandular activity [29]. Therefore,
face sebum content is higher than at other sites. This means that men in their 20
s are greatly influenced by hormones, so sebum values are higher in the face and
neck. As a result, men should pay attention to skin care and use appropriate skin
products thoughtfully. The present study demonstrates that the average values of
skin moisture for the face, ear, neck, body, upper limb, and lower limb range
from 34.73 to 46.91. Moisture values are higher in the hand and foot. Previous
studies have demonstrated that higher water evaporation in the hand is caused
[9]. As the parts of the body that move the most, muscular contraction during
activity elevates the temperature of the skin and the sweat rate [34]. Because ec-
crine glands is known that are found mainly on the palm, soles, and maxillary
region [35]. On the other hand, as negative effects are caused by external factors,
the depletion or disturbance of the major lipids in the SC that can be caused by
dry air is thought to be one of the etiological factors producing dryness and bar-
rier disruption in skin conditions [2]. This means that when a person is in the
sunlight for a long time, water evaporation on the skin is severe and sunburns
and photoaging are caused [36]. The results of this study show that moisture is
higher in the hands and feet than in other areas, so the differences between each
body part are considered to be differences in the distribution of the eccrine
glands. Some studies have reported that pigmented skin and melanin damage are
caused by ultraviolet radiation, which causes photochemical reactions. This af-
fects the keratogenesis in the basal layer cell activity, making UV A active [37]
[38]. The most important physiological function of all from the outside of the
epidermal surface serves as a backstop of stimulus, or of the stratum corneum to
build up the skin, of which exposure to sunlight’s ultraviolet radiation creates a
thick layer of stratum corneum to make the role of external stimulation [39].
Thus, the thicker the stratum corneum, sebaceous gland and irritation may oc-
cur as in, this part occurs that is released in acne and can be formed easily [40].
Enjoying outdoor activities outside of elite sports includes exposure of 10 to 20
units of UVB. Therefore, as the face is highly exposed to sunlight, the pigmenta-

tion rate is higher than in other areas. On the other hand, the pigmentation rate

DOI: 10.4236/health.2018.104038

477 Health


https://doi.org/10.4236/health.2018.104038

S.-J. Kim

of the upper limb area is not high. In view of the use of sunscreen by Koreans,
many of them use it on the face, neck, and upper limbs. Our results show a high
pigment rate on the face, neck, thigh, and shin, which are frequently exposed to
sunlight. However, the face and upper limbs are often protected by sunscreen
usage, because many people use sunscreen in those areas. Sunscreen is used less
on the thighs and shins, so in Korea, men in their 20s express a high pigmenta-
tion rate in these areas. Due to wearing long sleeves and using a sunscreen
blocker on upper limbs, this skin has a low pigmentation rate [13] [41]. The dis-
tribution of sebaceous glands is high on the face and scalp. A study reported that
the distribution of sebum among men and women is likely quite different be-
cause it is affected by hormones and hormone levels due to activity and nature
[42]. Men in their 20 s have the most abundant amount of sebum, so they will be
susceptible to skin diseases [10]. Studies have shown that hormonal effects are a
big part of the consequences that a big factor. There is considered to be a corre-
lation between sebum and pores. As sebum increases, research has shown that
the pores increase in size [9] [11]. Our results show that face sebum and pores
are higher than in other areas and that there is a correlation between sebum and
pores. Our results and pilot studies get to know that it is no difference. The UV
radiation consists of UVA (320 - 400 nm), UVB (280 - 320 nm), and UVC (200 -
280 nm) [15]. Of these three types of UV radiation, UVA and UVB include the
highest amount of energy, resulting mainly in photoaging [43]. The characteris-
tics of UVB primarily affect the epidermal layer, where a large proportion of
UVB is absorbed [44]. This causes side effects in the DNA of keratinocytes and
melanocytes, and induces the production of inflammatory cytokines and pro-
teolytic enzymes, leading to the destruction of collagen and elastin [37]. The
characteristics of UVA penetrate more deeply into the dermis and damage the
epidermis and dermis more than UVB. Another side effect of UV radiation at
the cellular level is the accumulation of reactive oxygen species (ROS) through a
complex cascade of biochemical reactions in the human skin [38]. UV-induced
pro-inflammatory cytokines, oxidative stress, and loss of antioxidant enzymes
cause the destruction of collagen in skin tissue, leading to wrinkle formation.
The results of this study showed that face, neck, and lower limb values were
higher than in other sites. However, the face and neck are almost constantly ex-
posed to the sun’s rays in comparison with the lower limbs. Some studies have
reported that elastic fiber density is in accordance with the electrical stimulus
period expires, tend to grow. And increasing elastic fiber density by electrical
impulses results from fibroblast activation by electrical impulses, as well as col-
lagen type I [45]. The previous results by Guler reported that electric stimulation
increased connective tissue [46]. Another study reported that UV irradiation
impairs TGF-beta 1, reduces type I procollagen production by fibroblasts in hu-
man skin [47]. Our study found that elasticity in the hands and feet is higher
than in other areas. In the above study comparison, electrical impulses increased
collagen and skin elasticity. We do a lot of work using our hands, and always
walk on our feet. So, to increase the density of many parts of the stimulus, skin
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elasticity will increase the elasticity, as well as collagen. According to the correla-
tion analysis, the sebum and pore were positively correlated. In a previous study,
similar correlations were found among the variables. For example, Roh et al
performed a correlation analysis, the sebum and pore, the results were that the
sebum output level correlated most significantly with the pore size [11]. A study
showed a positive relationship between sebum and pore. Our study showed that
sebum and pore positively relates in Korean’s male. A study by Khan showed
that cream containing Ficus carica increased the skin hydration, and sebum was
decreased [48]. Other study of facial photoaing skin in patients showed that the
sebum was increased, and hydration was decreased in patients affected by pho-
toaing. In this study, its data showed that a difference values between sebum and
hydration [49]. According to the correlation analysis, in our data, the sebum and
moisture were negatively correlated. Although this study is concentrated on the
patient, our data could be a big indicator for general adult. According to the
correlation analysis, the wrinkle and elasticity were negatively correlated. In pre-
vious study, As a result, aloe decreased wrinkles and it increased elasticity in pa-
tients with an increase of the net procollagen [19]. Although our data focuses on
normal skin conditions, this data could be a barometer of other studies. The data
in this study provides index for a whole body skin condition in terms of the
health male.

5. Conclusion

For nearly the first time, this study resulted in systematic reference values for
standardized biophysical measuring methods and body parts reflecting the skin
physiology of men. The results show that skin’s surface sebum, moisture, pores,
wrinkles, pigmentation, and elasticity vary with the part of the body.
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Figure S1. Schematic representation of the experimental methods for measuring body
composition and tactile sensation. Tactile sensation and body composition were deter-
mined, as described in Methods section and Table 2. R and C, resistance and condenser
of electrical circuit of the total body; (a) F-Sen, sensation of front of the body; (b) B-Sen,
sensation of back of the body.
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Figure S2. Schematic representation of the equation of Riemann integration for measur-
ing skin elasticity.
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Figure S3. Analysis of the elasticity using integral formula of the skin’s surface for the other body parts. The elasticity was deter-
mined, as described in Methods section. (a) Face; (b) Ear; (c) Neck; (d) Body; (e) Upper Limb; (f) Hand; (g) Lower Limb; (h) Foot.
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Table S1. Differences in the skin condition for the other body parts.

Sebum Moisture Pore Wrinkle Pigmentation Elasticity
Face P1 1831.6 + 231.2 543 %23 54+05 3.8+0.2 24+0.2 553+13
P2 1041.4 + 117.3* 549 +2.1 6.0 £ 0.5 39+0.3 4.1 £0.3* 54.8+2.0
P3 1301.2 + 137.2 50.1 £2.2 56+0.5 33+03 3.8+£0.3% 51.0 £ 1.3*
P4 901.9 + 94.8** 51.6+2.3 57%05 3.7+£03 4.0+0.4* 51.0£2.2
P5 1153.3 + 124.5* 549 %22 6.8 £0.5 42+0.3 3.6 £0.2% 50.8 + 1.6*
Ear ARtP1 26*1.5 48.7 £ 3.5 0.2+0.1 2.6 +0.2 1.5+0.2 515+ 1.5
ALtP1 0.0 £0.0 454 + 3.5 0.0 £0.0 1.9 £0.3* 1.2+0.1 514+14
PRtP1 314+79 425+2.6 0.0 £0.0 2.9+0.2 1.1+£0.2 51.6 +2.1
PRtP2 16.3£2.9 439+3.0 0.1 +£0.0 34+04 0.6 +0.2 55.7+2.6
PLtP1 53.9+284 43.7+23 0.0 0.0 0.6 £ 0.2%" 1.3+0.1 50.7 £ 1.5
PLtP2 22.8+11.2 459 +2.8 0.0 +0.0 0.6 £ 0.3*" 2.0 £0.2%™ 50.6 £ 1.7
Neck AP1 306.1 +£74.5 49.1+14 2.7+04 3.8+0.2 4.5+0.3 50024
PP1 117.7 + 37.4* 468 2.4 2.1+£0.2 35+0.3 4.1+0.3 472 +2.0
UL ARtP1 0.0 £0.0 503 +£2.2 0.7 +£0.3 0.6 +£0.3 0.6 +0.1 389+23
ARtP2 0.0 £0.0 51.6 +£2.1 0.6 +£0.3 0.5+0.2 0.6 +0.1 37.6 +2.5
ALtP1 0.0 0.0 444 £ 1.9* 0.4+0.3 0.7+0.2 0.5%0.1 342 %20
ALtP2 0.0 +0.0 439 +2.1* 0.3+0.3 0.6 £0.2 0.4+0.1 33.7+£23
PRtP1 0.0 0.0 50.6 £3.1 0.7+0.3 0.4+0.2 0.4+0.1 346+ 1.8
PRtP2 0.0 £0.0 51.6 £2.3 0.6 £0.3 0.8 £0.4 1.0+£0.3 334+1.8
PLtP1 0.0 £0.0 46.0 £2.7 0.4+£0.3 1.0+£0.3 0.6 +0.1 354+22
PLtP2 0.0 £0.0 47.1+3.0 0.3+£0.3 0.6 +0.3 0.9 £0.2 372+24
Hand PaRtP1 2.1+1.5 529+23 0.3+0.3 4.0+0.3 09+0.3 65.8 2.0
PaRtP2 0.0 +0.0 543+ 1.1 0.3+0.3 44+0.3 1.4+0.3 643 +1.7
PaRtP3 0.0 +0.0 535+ 1.8 03+0.3 45+04 0.8 +0.2 653+ 1.7
PaRtP4 30.9 £ 21.5 559+ 1.7 0.3+0.3 39+04 0.4 £0.1° 64.3 £2.3
PaLtP1 0.0 £0.0 579+24 0.3+0.3 4.5+0.3 0.5+0.1 63.6 £ 2.5
PaLtP2 0.0 £0.0 583+ 1.6 0.3+0.3 4.7+0.3 0.3 0.1 62.4+24
PaLtP3 0.0 +0.0 58.4 + 2.3 0.3+0.3 3.8+0.3° 0.8 £0.1 57.9 £ 2.2%™
PaLtP4 0.0 +0.0 60.4 £ 2.2%T 0.3+0.3 42+0.3 0.7 £0.1 65.8 + 2.6%
DRtP1 55%55 52.7+2.6 0.1+0.1 1.2+0.2 1.6 £0.2 53.1%1.2
DRtP2 0.0 £0.0 473 +2.7 0.3+£0.3 2.0 £0.3* 1.6 £0.2 59.0 + 1.8%
DRtP3 0.0 £0.0 46.0 £2.5 0.4+0.3 1.6 £0.2 0.9 +0.2*° 49.8 £+ 1.7°
DLtP1 0.0 £0.0 51.6 +2.7 0.5+0.3 1.5+£0.2 0.4 +0.1*"* 52.4 + 1.47
DLtP2 0.0 +0.0 46.7 £ 2.5 0.4+0.3 0.8 £ 0.2 1.2+0.2° 56.1 + 2.3*
DLtP3 0.0 £0.0 452+ 1.9% 1.3 +£0.3*% 0.7 £ 0.3 0.8 +0.2*" 50.4 +1.4™
LL ARtP1 6.0 £4.2 46.5+2.5 1.1+04 2.5+0.3 2.6 +0.3 439+3.0
ARtP2 4.0+28 52.1+2.9 14+04 2.2+0.3 26%0.3 49.5 +2.8*
ALtP1 23+23 42.4 +2.0* 0.5+ 0.3" 0.6 £ 0.3*" 0.9 +0.2° 40.6 £ 1.87
ALtP2 2.7+£2.7 42.8 +2.0* 0.7 £0.4 0.6 £ 0.2*" 1.2 +0.2° 42,0+ 1.7
PRtP1 6.6 +4.4 472+2.0 1.7+04 1.6 £0.2 33+0.3 41.7£1.9
PRtP2 50£35 50.9 +£3.0 1.7+0.4 1.9+0.4 3.2+0.3 424+2.0
PLtP1 6.8 5.5 479 +22 1.6 £0.3 0.5 +0.2%" 1.1 £0.3*" 389+1.8
PLtP2 54+3.6 53.0%+2.5 1.5+0.3 0.8 + 0.4*" 1.1 £0.3*" 41.0+1.9
DOI: 10.4236/health.2018.104038 485 Health


https://doi.org/10.4236/health.2018.104038

S.-J. Kim

Continued
Foot SoRtP1 126 £5.3 56.9 £ 2.0 0.3%+0.3 2804 0.1+0.1 55.8+2.9

SoRtP2 6.4+44 64.7 + 3.0% 0.3%+0.3 2905 0.2+0.1 599+1.6
SoRtP3 0.0 £ 0.0* 532+ 1.97 0.3%+0.3 2.0x+0.3 0.1+0.1 523 +2.7°
SoRtP4 8.6 +4.2* 551+ 1.5" 0.3+0.3 24+04 0.4+0.1 60.4 + 1.9*
SoLtP1 16.7 £ 104 61.5 +2.8* 0.3+0.3 3.0+04 0.2+0.1 54.8 +2.0™
SoLtP2 16.4 £ 10.0 61.1 +2.1% 0.3%+0.3 2.0x+0.3 0.1x+0.1 54.4 +2.6"
SoLtP3 0.0 + 0.0** 56.1 +1.97 0.3%+0.3 3.1 +£0.5% 0.3+0.2 53.1 +2.27
SoLtP4 84168 56.5 + 1.97 0.3%+0.3 23+04 0.1x+0.1 545+2.4
DRtP1 5.6+5.6 56.4+1.9 0.3+0.3 2.1+£0.2 0.2+0.1 48.7 + 1.1
DRtP2 0.6 £0.6 55.0x 1.5 0.3+0.3 26+0.3 0.5+0.2 476+ 1.2
DRtP3 0.5%+0.2 56.5+1.9 0.3%+0.3 3.0 £ 0.3* 0.5%+0.2 523 +1.7°
DLtP1 3.5+£3.5 56.1+t1.4 0.3%+0.3 2202 0.6 +£0.1* 488+ 1.4
DLtP2 0.1+0.1 54.6 £2.0 0303 2.0 +0.2* 0.2+0.1% 487+ 1.8
DLtP3 0.1+0.1 53.8+1.9 0.3+0.3 1.7 £0.1* 1.0 £ 0.2** 54.8 + 1.8*M

All data were presented as the mean + SE. P1-P5, point of face; A, anterior; P, posterior; Rt and Lt, right and left side; UL, upper limb; Pa, palm; D, dorsal
part; So, sole; LL, lower limb. Statistically significant differences exist in face P1 vs. P2, P3, P4, and P5 (*p < 0.05), in P2 vs. P3, P4, and P5 (fp<0.05), in P3
vs. P4 and P5 (*p < 0.05), in P4 vs. P5 (*p < 0.05), respectively. Statistically significant differences exist in ear ARtP1 vs. ALtP1 (*p < 0.05), PRtP1 vs. PRtP2,
PLtP1, and PLtP2 (*p < 0.05), PRtP2 vs. PLtP1, and PLtP2 ("p < 0.05), in PLtP1 vs. PLtP2 (*p < 0.05), respectively. Statistically significant differences exist in
neck AP1 vs. PP1 (*p < 0.05). Statistically significant differences exist in upper limb ARtP1 vs. ARtP2, ALtP1, and ALtP2 (*p < 0.05), in ARtP2 vs. ALtPI,
and ALtP2 ("p < 0.05), in ALtP1 vs. ALtP2 (*p < 0.05), in PRtP1 vs. PRtP2, PLtP1, and PLtP2 (*p < 0.05), in PRtP2 vs. PLtP1, and PLtP2 ("p < 0.05), in PLtP1
vs. PLtP2 (p < 0.05), respectively. Furthermore, statistically significant differences exist in hand PaRtP1 vs. PaRtP2, PaRtP3, PaRt4, PaLtP1, PaLtP2, PaLtP3,
and PaLtP4 (*p < 0.05), in PaRtP2 vs. PaRtP3, PaRtP4, PaLtP1, PaLtP2, PaLtP3, and PaLtP4 ('p < 0.05), in PaRtP3 vs. PaRtP4, PaLtP1, PaLtP2, PaLtP3, and
PaLtP4 (*p < 0.05), in PaRtP4 vs. PaLtP1, PaltP2, PaLtP3, and PaLtP4 (*p < 0.05), in PaLtP1 vs. PaLtP2, PaLtP3, and PaLtP4 (°p < 0.05), in PaLtP2 vs.
PaLtP3, and PaLtP4 (a’p < 0.05), in PaLtP3 and PaLtP4 (¥p < 0.05), in DRtP1 vs. DRtP2, DRtP3, DLtP1, DLtP2, and DLtP3 (*p < 0.05), in DRtP2 vs. DRtP3,
DLtP1, DLtP2, and DLtP3 ("p < 0.05), in DRtP3 vs. DLtP1, DLtP2, and DLtP3 (*p < 0.05) in DLtP1 vs. DLtP2, and DLtP3 (*p < 0.05), in DLtP2 vs. DLtP3(*p
< 0.05). Statistically significant differences exist in lower limb ARtP1 vs. ARtP2, ALtP1, and ALtP2 (*p < 0.05), in ARtP2 vs. ALtP1, and ALtP2 (Tp<0.05), in
ALtP1 vs. ALtP2 (*p < 0.05), in PRtP1 vs. PRtP2, PLtP1, and PLtP2 (*p < 0.05), in PRtP2 vs. PLtP1, and PLtP2 ('p < 0.05), in PLtP1 vs. PLtP2 (*p < 0.05).
Statistically significant differences exist in foot SoRtP1 vs. SoRtP2, SoRtP3, SoRt4, SoLtP1, SoLtP2, SoLtP3, and SoLtP4 (*p < 0.05), in SoRtP2 vs. SoRtP3,
SoRtP4, SoLtP1, SoLtP2, SoLtP3, and SoLtP4 ("p < 0.05), in SoRtP3 vs. SoRtP4, SoLtP1, SoLtP2, SoLtP3, and SoLtP4 (*p < 0.05), in SoRtP4 vs. SoLtP1,
SoLtP2, SoLtP3, and SoLtP4 (*p < 0.05), in SoLtP1 vs. SoLtP2, SoLtP3, and SoLtP4 (*p < 0.05), in SoLtP2 vs. SoLtP3, and SoLtP4 (a’p < 0.05), in SoLtP3 and
SoLtP4 (¥p < 0.05), in DRtP1 vs. DRtP2, DRtP3, DLtP1, DLtP2, and DLtP3 (*p < 0.05), in DRtP2 vs. DRtP3, DLtP1, DLtP2, and DLtP3 ("p < 0.05), in DRtP3
vs. DLtP1, DLtP2, and DLtP3 (*p < 0.05) in DLtP1 vs. DLtP2, and DLtP3 (*p < 0.05), in DLtP2 vs. DLtP3 (*p < 0.05), respectively.
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