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Abstract 
 
    A wrinkle formation mechanism with cutaneous aging is addressed through a mechanical calculation of linear buckling. Skin is 
divided into five mechanically distinct layers in this study. In general, the outer layer is stiffer than the inner layer, so buckling occurs 
in the outer layer against the uniform compression caused by muscle contraction. This buckling damages the skin and affects the 
formation of permanent wrinkles. We propose a multistage buckling theory for evaluation of the wrinkle property, namely, the 
specific wrinkle size and critical strain in three stages. The specific wrinkle size is derived as the wavelength of the 
minimum-buckling mode for infinite-length skin. A sensitivity analysis is carried out to investigate the effect of age-related changes 
of the mechanical parameters on the wrinkle property. We employ some aging hypotheses and prepare two sets of mechanical 
parameters, one for young and one for aged skin. The numerical results show that the buckling mode switch from Stage I to Stage II 
is the main reason why pronounced wrinkles suddenly appear in aged skin.  
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1.  Introduction 
 
    Antiaging has been considered a keyword or a 
dream of longevity medicine in the 21st century [1-4]. 
The basic concept of antiaging is that the enhancement of 
physical and mental health increases the physical 
resistance to most diseases, and improves the longevity 
and quality of life. For mental health, one’s personal 
appearance, such as skin condition and body shape, is 
often very important. Of course, serious cutaneous 
disorders such as nevus and melasma are of the utmost 
importance in dermatological therapy [5-10]. For 
cutaneous antiaging, the interest is focused on aesthetic 
or cosmetic problems such as wrinkles and laxity, that is, 
the problems of skin beauty. 
    Skin wrinkles sometimes cause psychological pain, 
so there are many dermatological or surgical therapies for 
anti-wrinkle [5-10]. Beautiful smooth skin gives a person 
a juvenescent appearance and may affect the person’s 
lifestyle. Wrinkle reduction leads to youthful skin and 
also a youthful mind, especially in regard to facial skin. 
The most important anti-wrinkle therapy is the 
prevention of aging. For this purpose, we studied the 

wrinkle formation mechanism as a process of aging. 
    Conventional approaches to cutaneous aging are 
based mainly on physiological or biochemical 
observations [11,12]. The goal of these approaches is to 
reveal the histological structure of skin and its alteration 
with aging. Another approach is based on physical 
measurement to assess the age-related change in the 
mechanical properties of human skin [13]. However, the 
mechanical properties obtained in this approach are 
strongly dependent on the testing system [14,15], and the 
layered heterogeneity of skin has not been considered. As 
an exception, Maeno et al. [16] showed the three-layered 
mechanical properties of skin by an in vitro experiment. 
Hendriks et al. [17-19] have also tried to identify the 
two-layered mechanical properties by an in vivo 
numerical-experimental method. 
    For studies on skin wrinkles, many researchers have 
examined the superficial geometry or histological 
structure of wrinkled skin [11]. For instance, Lagarde et 
al. [20] proposed a numerical assessment method for 
wrinkles by image processing. Tsuji et al. [21] 
demonstrated the histological changes around a wrinkle 
due to aging by in vitro microscopy. Tsukahara et al. 
[22,23] assessed facial wrinkles to identify the grades of 
cutaneous aging. Batisse et al. [24] addressed the 
age-related change in wrinkling capacity from 
histological and mechanical standpoints. However, only a 
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small number of studies have explicitly addressed the 
wrinkle formation mechanism with aging. 
    Magnenat-Thalmann et al. [25] carried out a finite 
element analysis of skin wrinkling with a three-layer 
model and showed a gradual enlargement of the buckling 
length with aging. However, their analyses considered 
only one buckling mode, and a gradual enlargement of 
wrinkles is not consistent with our experience, which 
indicates that prominent wrinkles suddenly appear at a 
certain age. 
    For the assessment of wrinkle properties, we 
propose a new concept of multistage buckling with a 
five-layered skin model, which is necessary to evaluate 
the mechanical property of skin from the 
micromechanical standpoint. Moreover, we perform a 
sensitivity analysis that helps explain the effect of 
age-related changing of the skin structure on the wrinkle 
property. Through a numerical example of human facial 
skin, we discuss the reason why a wrinkle becomes 
prominent in aged skin.  
 
2.  Methods 
 
2.1. Structure of skin and five-layer model 
 
    Human skin consists of three layers: epidermis, 
dermis and hypodermis. The epidermis is biologically 
divided into four layers: stratum corneum (horny layer), 
granular layer, prickle layer, and basal layer. The dermis 
consists of three layers: papillary, subpapillary, and 
reticular layers. The hypodermis is a subcutaneous fat 
layer. 
    The stratum corneum is a dead cell layer and is 
extremely stiffer than the other layers; therefore, it should 
be considered an independent layer. The difference in the 
mechanical properties of the other layers in the epidermis 
are not clear, so they are unified in the mechanical sense 
and called the viable epidermis. The papillary and 
subpapillary layers consist of thin collagens and rich 
elastic fibers, and hold a lot of water [6,8]; so, these 
layers are flexible relative to the reticular layer, which 
consists of thick collagen bundles connected to each 
other by large elastic fibers [6,13]. Consequently, skin 
can be divided into five mechanically distinct layers: the 
stratum corneum (SC), viable epidermis (VE), papillary 
dermis (PD), reticular dermis (RD), and hypodermis 
(HD). We assume that each layer is homogeneous and 
isotropic, while its stiffness and thickness alter with 
aging. Since our interest is not on accurate behavior of 
skin but on fundamental properties, the viscosity and 
nonlinearity are neglected. The effect of pretension is 
also neglected for simplicity. 
 
2.2. Multistage buckling theory 
 
    We interpret a skin wrinkle as a consequence of the 
buckling of skin. A permanent wrinkle is, of course, 
affected by many factors such as remodeling, adaptation, 
and degradation with aging. In principle, however, a 
wrinkle is initiated by the repetition of buckling caused 
by a muscle contraction at the same site. Therefore, the 
buckling property is the most important factor for 
wrinkle formation. 

    The upper layer of skin is stiffer and thinner than the 
lower layer in general. Therefore, for uniform 
compression, buckling occurs at the upper layer first. 
Subsequently, the lower layer experiences buckling 
against the larger compression. We define such distinct 
phases of buckling as multistage buckling with three 
stages. The interaction between stages is neglected. The 
categorization is summarized in Table 1. Stage I is horny 
buckling, where SC buckles under the support of VE. 
Stage II is epidermal buckling, where the upper two 
layers buckle simultaneously under the support of PD. 
Stage III is dermal buckling, where the upper four layers 
buckle with HD as a foundation. Moreover, Stage III has 
another possibility that RD buckles under the support of 
PD and HD. The former is referred to as Stage IIIA, and 
the latter is Stage IIIB. The bottom of skin is supposed to 
be fixed to the muscle membrane. 
    PD is not considered the lowest layer in the buckled 
region, because PD is softer than the underlying RD. To 
describe the buckling behavior in each stage, we employ 
a bilayer model. Only one layer under the buckled layers 
is assumed to be the elastic foundation, because the 
effective depth of the foundation is shallow by the effect 
of shear stiffness, that is, the Saint Venant’s principle. In 
Stage I, PD may affect the horny buckling since it is 
softer than VE. However, including PD in the foundation 
may leads to much underestimation of the stiffness of 
foundation, because PD is very thick especially in aged 
facial skin. Therefore, we employ one-layer foundation. 
The shear stiffness of foundation is also considered. 
    To find a specific property of skin, we assume 
infinitely expanding flat skin that is subjected to a 
uniaxial compression induced geometrically by a muscle 
contraction. Since the compression is uniaxial, the 
problem can be reduced to two-dimensional one, which 
is described as a compressed beam on a two-parameter 
foundation [26,27], as shown in Fig. 1. Deformation of 
the beam infinitely continues to the width direction, and 
we employ a unit width in calculation. The elastic 
foundation consists of continuously distributed linear 

Table 1  
Layer division of bilayer model in three buckling stages. 

 Stage I Stage II Stage IIIA Stage IIIB 
SC Buckling Buckling 

Buckling 
Rigid VE Foundation 

PD 
Ineffective 

Foundation Foundation 
RD Ineffective Buckling 
HD Foundation Foundation 

SC: stratum corneum, VE: viable epidermis, PD: papillary 
dermis, RD: reticular dermis, HD: hypodermis 

 
Fig. 1.  Bilayer buckling model represented by a Timoshenko beam on 
a two-parameter elastic foundation. A series of vertical springs 
expresses the continuous foundation. The intermediate layer is a layer to 
express the shear stiffness of the foundation. The bottom of foundation 
is vertically fixed on the muscle membrane.  



springs and shear layer to represent shear interaction 
between springs. Horizontal compression of the 
foundation is neglected.  
    Assuming that each layer is linearly elastic and the 
deformation before buckling is small enough, we carry 
out a linear buckling analysis. Since skin is very flexible 
and shearing deformation of beam is not negligible, we 
employ Timoshenko beam. Internal compressive force in 
the beam is denoted by P. The flexural rigidity and shear 
stiffness of the composite beam is denoted by EI  and 
GA , respectively. The spring constant, namely Winkler 
constant, is denoted by kW, and the shear constant of 
foundation, namely Pasternak constant, is denoted by kP. 
These parameters depend on the buckling stage. The 
beam length is denoted by L, which is infinitely large in 
this problem.  
    Denoting the deflection of the beam by v, one can 
find the buckling equation as 
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where k is the shear correction factor. In this study, 
0.854κ =  is used for a rectangular cross-section [28]. 

The minimum buckling load for a periodic solution [29] 
is obtained by 
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This is realized when the beam length satisfies 
 crL Lα=  (3) 
where α is a positive integer, and Lcr is the wavelength of 
the minimum-buckling mode, which is obtained by 
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The infinite-length beam corresponds to the case that α is 
infinitely large. The other buckling modes have higher 
buckling loads than Pcr in Eq. (2), even if the wavelength 
of the buckling mode is longer than Lcr. Thus, Lcr is the 
characteristic buckling length that most easily appears for 
the infinite-length skin. We hereafter refer to Lcr as the 
specific wrinkle size.  

    The critical load is not a comparable parameter 
between buckling stages because each stage has an 
individual beam model dependent on the buckled layers. 
For a comparable parameter, instead, we adopt the 
critical strain obtained by 

 W WP
cr 2
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k
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 (5) 

where EA  is the tensile stiffness of the composite beam. 
The buckling that has the smallest critical strain in the 
three stages most often appears on the skin and strongly 
affects the formation of permanent wrinkles of that stage.  
    Five material parameters EI , EA , GA , kW, and 
kP are obtained as follows. The Young’s modulus, shear 
modulus and thickness of the i-th upper layer are denoted 
by Ei Gi and ti, respectively. The coordinate system and 
geometrical configuration are illustrated in Fig. 2. The 
suffixes in Fig. 2 are for Stage IIIA. The origin of the 
y-axis is placed at the top surface, and the i-th interface 
position is denoted by yi, where 0 0y = . The position of 
the neutral plane of the beam is denoted by y , which is 
obtained by 
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=
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where a and n are the uppermost layer number and the 
bottom layer number in the beam. The flexural rigidity is 
obtained by the sum of the flexural rigidity of each layer 
around the neutral axis: 
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where iη  is the distance from the neutral plane to the 
central plane of the i-th layer. Since the compressive 
strain is assumed to be uniform, the tensile stiffness is 
obtained by the Voigt approximation [30]: 
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Moreover, using the Reuss approximation [30], the shear 
stiffness of the beam is obtained by 
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The Winkler constant of the elastic foundation is simply 
determined by 

 1
W

1

n
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t
+

+
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Assuming the shear strain in the foundation linearly 
decreases in the depth direction and vanishes at the 
bottom of foundation, one obtains the Pasternak constant 
as 

 1 1
P 2

n nG t
k + += . (11) 

Two foundation constants in Stage IIIB are obtained by 
simply adding the stiffness of PD and HD in the same 
manner. 
 
2.3. Sensitivity analysis 
 
    To investigate the contribution of the change in 

 

 
Fig. 2.  Coordinates of five-layered skin model for Stage III. yi denotes 
the position of the interface relative to the top surface. y  is the 
position of the neutral plane for the beam layer, and iη  is the distance 
from the neutral plane to the center of the i-th layer.  



mechanical parameters to the change in wrinkle 
properties, we carry out a sensitivity analysis of the 
specific wrinkle size and the critical strain with respect to 
Young’s modulus and the thickness of each layer. The 
mechanical parameters alter with aging and their 
alteration is qualitatively known. Therefore, the 
sensitivity analysis quantifies the influence of such 
alteration on the wrinkle properties and may clarify the 
wrinkle formation mechanism. The derivatives are 
obtained straightforward by the direct differentiation. 
Therefore, the details of formulation are omitted.  
 
2.4. Aging effects and parameter setting 
 
    We prepare two cases, one for young skin and one 
for aged skin, whose mechanical parameters are listed in 
Table 2. Cutaneous aging is categorized into two types: 
intrinsic aging and photoaging [11]. Intrinsic aging is 
chronological and genetically determined, and 
photoaging is a histological change caused by sun 
exposure. Because facial skin is exposed to sunlight, we 
consider both aging processes. The mechanical 
parameters in Table 2 were determined as described 
below.  
    Young’s moduli for VE, RD and HD in young skin 
are set equal to the experimental values for the epidermis, 
dermis and hypodermis of finger pad skin [16]. Young’s 
modulus of SC in both young and aged skins is set to the 
value used by Magnenat-Thalmann et al. [25]. We 
suppose that Young’s moduli of SC, VE and RD double 
from young skin to aged skin [31], because intrinsic 
aging induces the loss of moisture and stiffening of the 
fibrous materials. Degradation of the keratinocytes is 
represented by a decrease in thickness of VE. 
    Takema et al. [32] obtained the statistical variation 
in the averaged thickness of facial skin with aging, as 
shown in Fig. 3. This thickness is the total for the 

epidermis and dermis. From this result, we determined 
the total thickness of the epidermis and dermis is equal to 
1.5 mm for young skin and 1.7 mm for aged skin; these 
values are most similar to the eye corner. The total 
thickness is divided into each layer as mentioned below. 
The thickness of HD is strongly dependent on each 
individual, so we tentatively determined it as 2.0 mm for 
both young and aged skin. 
    As seen in Fig. 3, the thickness of facial skin 
increases with intrinsic aging and photoaging, while the 
thickness of sun-protected skin decreases with aging [32]. 
Hence, the cause of this thickening can be regarded as 
photoaging. Photoaging mainly leads to solar elastosis, 
which is an excessive generation of abnormal elastic 
fibers in PD [6,11,21,33]. This elastotic deterioration can 
also be detected as a SLEB (subepidermal low echogenic 
band) by ultrasonography [34-37]. The SLEB thickness 
increases with photoaging [37], so we assume that the 
thickening of facial skin is associated with the thickening 
of PD, while the thickness of RD is constant. Moreover, 
since PD is flexible, we assume that Young’s modulus of 
PD is half of RD. 
    Summarizing the above, intrinsic aging is 
represented by the stiffening of SC, VE and RD, and the 
thinning of VE. Photoaging is represented by the 
thickening of PD. Supposing that the young and aged 
skins in Table 2 correspond to 20 and 70 years old, 
respectively, these alterations are linearly interpolated 
with respect to the age. The chronological alteration is 
simulated to demonstrate the aging effect on the buckling 
property. 
 
3.  Results 
 
    The calculated Lcr and εcr for every stage of young 
and aged skins are summarized in Table 3. The EI , 
EA , GA , kW and kP are also listed. Figures 4 and 5 
show the chronological alteration of Lcr and εcr, 
respectively. The Roman numeral in the superfix 
indicates the buckling stage like I

crL  and II
crL , hereafter. 

As the buckling stage progresses, Lcr increases because of 
a drastic increase in EI . However, IIIA

crL  and IIIB
crL  

vanished at a middle age, because IIIA
crL  in aged region 

and IIIB
crL  in young region became imaginary. This 

means there is no minimum buckling load, and the 

Table 2   
Mechanical parameters of five-layer model determined to be consistent 
with experimental results for human skin [16,25,32]. 

Layer Young Aged 
Ei [MPa] ti [mm] Ei [MPa] ti [mm] 

Stratum corneum 6.000 0.02 12.00 0.02 
Viable epidermis 0.136 0.18 0.272 0.08 
Papillary dermis 0.040 0.20 0.040 0.50 
Reticular dermis 0.080 1.10 0.160 1.10 
Hypodermis 0.034 2.00 0.034 2.00 

 

 

 
Fig. 3.  Statistical variation of averaged total thickness of skin 
including the dermis and epidermis [32]. The thickness was measured at 
four facial sites: forehead, eye corner, cheek, and mouth corner by 
ultrasonography.  

 
Fig. 4.  Chronological alteration of the specific wrinkle sizes with 
aging in all Stages.  



buckling mode is not periodic. This phenomenon was 
caused by small GA  relative to EI  or kW, that is, a 
shear instability. However, note that the evaluation of 
accurate behavior in Stage III needs to consider the 
nonlinearity and interaction between different stages, 
since the compression is very large.  

    The I
crL  is close to the spacing of furrow lines, 

which are so small as to be obscure and not recognized as 
a wrinkle. The II

crL  is also small but slightly prominent 
in aged skin such as so-called small wrinkle. The IIIA

crL  
and IIIB

crL  are similar to the spacing of large wrinkles.  
    The I

crε  was the smallest in young skin, while II
crε  

was the minimum in aged skin. That is to say, Stage I 
wrinkle most easily appears in young skin, whereas Stage 
II wrinkle most readily appears in aged skin. This means 
that the small wrinkle becomes dominant instead of the 
discreet furrow in aged skin. The mode switch from 
Stage I to Stage II is seen in Fig. 5 as a crossing point 
near 30 years old. Moreover, this result supports the fact 
that the small wrinkles, such as crow’s-feet, suddenly 
appear with aging on the site of expressive wrinkle, 
where buckling is frequently repeated. This repetition of 
buckling enhances the opportunity to yield Stage II 
buckling in aged skin and to damage the epidermis and 
dermis more significantly than Stage I in young skin. 
Thus, the mode switch gives rise to the sudden 

Table 3   
Calculated wrinkle properties of young and aged skins. 

Young skin (20 years old)       
Stage Lcr [mm] εcr [%] EI  [Nmm2] EA  [N] GA  [N] kW [N/mm2] kP [N] 
I 0.294 6.47 4.00x10-6 1.20x10-1 4.29x10-2 7.56x10-1 4.37x10-3 
II 0.535 7.11 2.73x10-4 1.44x10-1 1.08x10-2 2.00x10-1 1.43x10-3 
IIIA 2.659 19.12 5.58x10-2 2.40x10-1 4.00x10-2 1.70x10-2 1.21x10-2 
IIIB Imaginary (33.63) 8.87x10-3 8.80x10-2 3.14x10-2 2.17x10-1 1.36x10-2 
Aged skin (70 years old)       
Stage Lcr [mm] εcr [%] EI  [Nmm2] EA  [N] GA  [N] kW [N/mm2] kP [N] 
I 0.237 5.81 8.00x10-6 2.40x10-1 8.57x10-2 3.40 3.89x10-3 
II 0.947 2.96 6.95x10-5 2.62x10-1 1.21x10-2 8.00x10-2 3.57x10-3 
IIIA Imaginary (12.24) 1.54x10-1 4.58x10-1 5.25x10-2 1.70x10-2 1.21x10-2 
IIIB 1.958 37.86 1.77x10-2 1.76x10-1 6.29x10-2 9.70x10-2 1.57x10-2 

 
Table 4 
Sensitivities with respect to Young’s modulus of each layer (the value in parentheses is for aged skin).  

 I
cr iL E∂ ∂  [mm/MPa] II

cr iL E∂ ∂  [mm/MPa] IIIA
cr iL E∂ ∂  [mm/MPa] IIIB

cr iL E∂ ∂  [mm/MPa] 
Stratum corneum: E1 1.29x10-2 (5.32x10-3) -9.28x10-3 (2.49x10-3) -2.56x10-1 ( - )   
Viable epidermis: E2 -5.68x10-1 (-2.35x10-1) 5.43 (1.02) 4.62 ( - )   
Papillary dermis: E3   -17.1 (-7.68) 75.3 ( - ) - (-44.5) 
Reticular dermis: E4     57.8 ( - ) - (13.5) 
Hypodermis: E5     -198 ( - ) - (-11.1) 

 I
cr iEε∂ ∂  [%/MPa] II

cr iEε∂ ∂  [%/MPa] IIIA
cr iEε∂ ∂  [%/MPa] IIIB

cr iEε∂ ∂  [%/MPa] 
Stratum corneum E1 -8.37x10-1 (-3.03x10-1) -9.59x10-1 (-2.16x10-1) -1.53 ( - )   
Viable epidermis E2 36.9 (13.4) 27.7 (1.96) -8.42 ( - )   
Papillary dermis E3   49.8 (51.5) 56.0 ( - ) - (161) 
Reticular dermis E4     22.1 ( - ) - (-89.3) 
Hypodermis E5     186 ( - ) - (231) 

 
Table 5 
Sensitivities with respect to the thickness of each layer (the value in parentheses is for aged skin). 

 I
cr iL t∂ ∂  [mm/mm] II

cr iL t∂ ∂  [mm/mm] IIIA
cr iL t∂ ∂  [mm/mm] IIIB

cr iL t∂ ∂  [mm/mm] 
Stratum corneum: t1 10.8 (8.67) 4.23 (8.54) -65.0 ( - )   
Viable epidermis: t2 4.29x10-1 (7.98x10-1) -1.29 (5.87) 1.64 ( - )   
Papillary dermis: t3   3.41 (6.14x10-1) -8.74 ( - ) - (3.56) 
Reticular dermis: t4     -1.19 ( - ) - (-1.80x10-1) 
Hypodermis: t5     3.36 ( - ) - (1.89x10-1) 

 I
cr itε∂ ∂  [%/mm] II

cr itε∂ ∂  [%/mm] IIIA
cr itε∂ ∂  [%/mm] IIIB

cr itε∂ ∂  [%/mm] 
Stratum corneum t1 -113 (20.0) -239 (-108) -443 ( - )   
Viable epidermis t2 12.6 (-4.99) 26.6 (18.5) 2.71 ( - )   
Papillary dermis t3   -6.55x10-2 (1.34) 1.36x10-1 ( - ) - (-4.77) 
Reticular dermis t4     4.14 ( - ) - (-3.25) 
Hypodermis t5     1.89 ( - ) - (2.98) 

 

 
Fig. 5.  Chronological alteration of the critical strains with aging in 
all Stages other than Stage IIIB. Broken line indicates a meaningless 
part because of the imaginary wavelength. 



appearance of permanent small wrinkles.  
    The calculated sensitivities are listed in Tables 4 and 
5. The sensitivities for the aged skin are put in 
parentheses. In this example, Lcr and εcr were most 
sensitive to Young’s modulus of foundation layer, and 
their sensitivities were negative for Lcr and positive for εcr. 
Therefore, softening or thickening of foundation layer 
makes lager wrinkles appear more easily. Moreover, the 
thickness of SC has the highest sensitivity to Lcr and εcr, 
because Young’s modulus of SC is highest and mostly 
affects the stiffness of beam.  
 
4.  Discussion 
 
    Human skin tends to be stiffer with aging in general 
[32]. Therefore, typical skin has a latent capability to 
enlarge Lcr with aging as discussed by 
Magnenat-Thalmann et al. [25]. The wider wrinkle has 
the larger amplitude in post-buckling deformation, so it 
enables the epidermis to penetrate deeper into the dermis. 
Thus, a wide and deep wrinkle causes significant 
damages in the skin and yields a permanent wrinkle.  
    The most important finding in this study is that the 
possibility of mode switch from Stage I to Stage II was 
elucidated by using a five-layer model. 
Magnenat-Thalmann et al. [25] could not observe the 
mode switch, because they used a three-layer model. In 
Fig. 5, the curves of Stage I and Stage II are close, so the 
switching point is easily changes depending on the model 
parameters. For instance, considering the effect of PD in 
Stage I leads to decrease in I

crε . Then, the switching 
point shifts older. In such sense, the numerical results are 
not reliable yet. But the idea of mode switch may be an 
important key to clarify the wrinkle formation 
mechanism.  
    From the result of sensitivity analysis, the thinning 
of VE decreases II

crε  about doubly than I
crε , and the 

stiffening of VE increases I
crε  more largely than II

crε . 
Moreover, the thickening of PD by photoaging influences 
on the decrease in II

crε . The stiffening of SC also 
facilitates the mode switch.  
    The mode switch causes a sudden appearance of 
permanent small wrinkles, as mentioned earlier. From an 
aesthetic or cosmetic viewpoint, therefore, the reduction 
of I

crε  and the enlargement of II
crε  are preferable for 

anti-wrinkle. To prevent the mode switch, some skincare 
or therapy against the aging effects is desired to protect 
the epidermis from stiffening by dehydration and 
thinning by degradation of the turnover, and to protect 
the dermis from thickening by photodamage. These 
findings are already well known as empirical information, 
but they were mechanically proven for the first time in 
this study with a new concept of mode switch. 
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