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 (  13  22  40  
 32   18  59  76   67  )  
14   (  25  53   39  )   13  
 (  22  40   32  )  

� 3-2������
(a)	%�(b)	�!�(c)	�!�(d)	����(e)	$�%	"
�
�������!��!	#���$	���
��� ������

(a)
(b)(c)

(d)(e)

Indoor Outdoor

Date Temperature
(�)

Relative	
humidity

(%)
Temperature

(�)

Relative	
humidity

(%)
Age

Old
12�14	September,	
2005 23.8	� 0.2 64.3	� 0.6 26.8	� 0.9 74.7	� 0.6

Young
2	August
�6	September,	 2006 22.4	� 0.4 63.4	� 5.0 26.5	� 1.7 74.5	� 5.9

Season

Winter
9	December,	 2005
�12	January,	2006 22.8	� 0.5 38.6	� 1.9 5.0	� 1.6 43.5	� 9.7

Spring
20	March
�10	April,	 2006 22.2	� 0.5 39.3	� 2.1 11.0	� 1.9 52.3	� 15.3

Summer
2	August
�6	September,	 2006 22.4	� 0.4 63.4	� 5.0 26.5	� 1.7 74.5	� 5.9

Autumn
23	October
�2	November,	 2006 23.7	� 0.3 44.2	� 4.5 17.5	� 1.6 73.5	� 8.3


 3-1������������	�
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Corneometer ® (CM825 Courage+Khazaka  Elec t ronic  GmbH) 
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5 15 50 90 

 3-3  
 1   (

)   1   23 .0   40  % 
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℃
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3 .4 .2  [51]   
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 3 -9   SCAT  SCAT   3 -9  (a ) , (b)  

 0 .5  ( )   (  3 -3)  0 .1  ( )   
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4���47+�� ��!�'+��12%Wc	����*
�3(�"$���,���0/�����.5/�)�,�
������
�0/, (SCAT)	���&�

0/ 96/ #8/

SCAT

W
at
er
	c
on
te
nt
	(
m
as
s-
%
)

Depth		(µm)

y	=	Wc (x)



 19 

 

 

2  in  v ivo  
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 3-2   SCAT  
 13  15  SCAT   16 .8  

µm  29 .3  µm  173 .0  µm 
 SCAT  s tudent’s  t - tes t  

 (p<0.05)  ” p<0.001 
  

 

 

 

SCAT  3 -12  23  76  
SCAT  

 SCAT  
 SCAT   

(r=0.3782)    

 

Number	 of
subjects

Mean SD

Cheek 15 16.8 2.84
Upper	 arm 15 21.8 3.63
Forearm 14 22.6 4.33

Back	of	hand 13 29.3 6.84
Palm 15 173.0 36.96

Significant	differences	 (p<0.001,	student’s	 t-test	)	between	 the	palm	and	cheek,	
palm	and	upper	 arm,	palm	and	forearm,	and	palm	and	back	of	hand	were	seen.	

� 3-2���������	
�
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 3 -3  15 50 90  SCAT  
90  SCAT  

 18 .7  µm  2   36 .6  µm 15 50 
SCAT  90  

SC AT    

 

 

 

3 .4 .3  [52]   

 

31   2   
( 22  40  59  76  )   3 -14  

 (  3 -14(a) )   (  3 -14(b))  
 SCAT  

 10  µm 30 µm 

  

 

Hydration	 period	(min) Initial	(µm) After	hydration	 (µm) Ratio

15 18.4	 19.1	 1.04	

50 18.1	 25.3	 1.40	

90 18.7	 36.6	 1.95	

� 3-3�
�������	�������������������
Ratio	=	����������� /	������������
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 3-16  
 (p<0.05) ”

”   
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 (  3 -17) ” ”  
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3 .4 .4  [53]   
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3 .4 .5 ℃  [53 ,54]   
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3 .4 .6  [55]   

 

 3 -22  

  

 

N=4,	mean�SD

(a)

-3	 -2	 -1	 0 1 2 3

Water-rich

Hydrate

Refresh

Soft

Resilient

Plump

Sticky

Water-penetration

Cooling

-3	 -2	 -1	 0 1 2 3

Water-rich

Hydrate

Refresh

Soft

Resilient

Plump

Sticky

Water-penetration

Cooling

N=11,	 mean�SD

! 3-21�1	������ 20	����%��� 1	���&���� ��$���"���
(a)	�� ��$�(b)	1	��������"���(c)	20��������"���
���%����	
 1	��#��

(b)

(c)

0

10

20

30

40

50

60

70

0 5 10 15 20

W
at
er
	c
on
te
nt
	(
m
as
s-
%
)

Depth	(μm)

Before
1	min	application
20	min	application



 34 

 

 

 3 -4   3 -22   01 06 5  

 1 2 .4   
03   04   

 

 

 

 3 -23  
 3-23(b)  sever i ty-score  

 (  04 05 06)   0  µm 80 µm 
 3-23(a)  

� 3-22�!��� &�	�&�������
�&��$&����#�����
����$%����"�

No. Infiltration	 (I) Erythema	(E) Scale	(S) Severity	score

01 2.4	� 0.9 2.4	� 0.5 1.0	� 0.7 1.5	� 0.4

02 1.8	� 0.4 2.0	� 0.7 1.2	� 1.1 1.7	� 0.6

03 1.2	� 0.4 1.4	� 0.5 1.0	� 0 1.2	� 0.3

04 2.2	� 0.4 2.0	� 0.7 2.4	� 0.5 2.2	� 0.3

05 2.2	� 0.8 1.8	� 0.4 1.0	� 0 1.7	� 0.3

06 2.2	� 1.1 1.8	� 0.8 1.0	� 0 1.7	� 0.6

	 3-4�������
����

N=5,	mean�SD
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3.5   
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Warner   [21]  ”

  

” 1 
 5  µm 

 12  µm 

” ”  [56
59]  

”  
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 [60 64]  ”
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 SCAT  SCAT  
SCAT   OCT [65 ,66]  

Warner  ”  [21]  

 in  v ivo  

 S /N 

”

  

℃

”  
[56 ,58 ,59]  ”   

 2  
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”
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 [52 ,54 ,55]
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 2  

1010 cm - 1   CN 
1004 cm - 1  

 CN 

 [72]   

 

 

 

 3 -27  2   R   F  

”

 R   15  
 30  

 R  
 

 [55]

 2   1  

, 3-26�8/-�8/*2�� ���10������
(a)	8/5)�(b)	6&+8/�(c)	����*2R�����*2F�(
������43���	���.7%$!#
���"'���

400 500 600 700 800 900 100011001200130014001500160017001800

Raman	shift	(cm-1)

548

534 596

1004 1010

1676

1652
15481476

1474

(a)

(b)

(c)

(d)

In
te
ns
ity
	(A

.U
.)



 41 

 [73] 2   1  

 [74 ,75]
±

 [76 ,77] ±

 [78]  
 [79 83] “

 
[84]

  

 

 

N=6,	mean±SE
Paired	t-test

� 3-27�����������
��
(a),(b)	�����(c),(d)	�	���(a),(c)	�� 15	���(b),(d)	�� 120	���

(a)

0

200

400

600

800

0 2 4 6 8 10 12

Ur
ea
	(s
ol
id
)	(
A.
U.
)

Depth		(µm)

Cream	F
Cream	R

*

*
* * * *

0

200

400

600

800

0 2 4 6 8 10 12

Ur
ea
	(s
ol
id
)	(
A.
U.
)

Depth		(µm)

Cream	F
Cream	R

0

200

400

600

800

0 2 4 6 8 10 12

Ur
ea
	(s
ol
ut
io
n)
	(
A.
U.
)

Depth	(µm)

Cream	F
Cream	R

*

*

0

200

400

600

800

0 2 4 6 8 10 12

Ur
ea
	(s
ol
ut
io
n)
	(
A.
U.
)

Depth	(µm)

Cream	F
Cream	R

*

*
*

(b)

(d)(c)



 42 

 

3.6 ”   

 

  

”

  

℃

”

 2000 

  

”

 4  
 5  

  

  



 43 

 4   

 

4.1     

 

 800  nm 2500 nm 

 [85]
”
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1460 nm 
 1920 nm 

2000 
in  v ivo  

 [47 ,48]

Mart in   [103]  
Wiechers   

[104]  
 [85]  

Woo  [105]  
Chen  [106]  
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 4  

 3  

 

 

 

 

 2  µm 
 500    1  mm  

µ a  (mm - 1)   µ s  (mm - 1)  1300 1460 1920 nm 

 g  n  
 µ s  [22 ,107 ,108]   70  % 

 100  %  µ s   0   70  % 
 10   20  µm  (

 5 -1   1 10)  
 11 20  10   

20  µm  (  5 -1   11 20)  

1300	nm 1460	nm 1920	nm
L n μa μs g L n μa μs g L n μa μs g
1 1.37	 0.709	 160.6	 0.90	 1 1.37	 17.7	 114.4	 0.86	 1 1.36	 71.7	 80.6	 0.84	

2 1.37	 0.652	 175.7	 0.90	 2 1.37	 16.3	 125.2	 0.86	 2 1.36	 66.0	 88.2	 0.84	

3 1.37	 0.586	 193.6	 0.90	 3 1.37	 14.6	 137.9	 0.86	 3 1.36	 59.2	 97.2	 0.84	

4 1.37	 0.537	 206.6	 0.90	 4 1.37	 13.4	 147.2	 0.86	 4 1.36	 54.3	 103.7	 0.84	

5 1.37	 0.514	 212.8	 0.90	 5 1.37	 12.8	 151.6	 0.86	 5 1.36	 51.9	 106.8	 0.84	

6 1.37	 0.532	 208.0	 0.90	 6 1.37	 13.3	 148.2	 0.86	 6 1.36	 53.8	 104.4	 0.84	

7 1.37	 0.561	 200.4	 0.90	 7 1.37	 14.0	 142.7	 0.86	 7 1.36	 56.7	 100.6	 0.84	

8 1.37	 0.624	 183.3	 0.90	 8 1.37	 15.6	 130.6	 0.86	 8 1.36	 63.1	 92.0	 0.84	

9 1.37	 0.693	 165.0	 0.90	 9 1.37	 17.3	 117.5	 0.86	 9 1.36	 70.1	 82.8	 0.84	

10 1.37	 0.743	 151.5	 0.90	 10 1.37	 18.5	 108.0	 0.86	 10 1.36	 75.1	 76.1	 0.84	

11 1.37	 0.767	 145.2	 0.90	 11 1.37	 19.1	 103.4	 0.86	 11 1.36	 77.5	 72.9	 0.84	

12 1.37	 0.792	 138.4	 0.90	 12 1.37	 19.8	 98.6	 0.86	 12 1.36	 80.1	 69.5	 0.84	

13 1.37	 0.807	 134.4	 0.90	 13 1.37	 20.1	 95.7	 0.86	 13 1.36	 81.6	 67.4	 0.84	

14 1.37	 0.816	 132.0	 0.90	 14 1.37	 20.4	 94.1	 0.86	 14 1.36	 82.5	 66.3	 0.84	

15 1.37	 0.825	 129.6	 0.90	 15 1.37	 20.6	 92.3	 0.86	 15 1.36	 83.4	 65.1	 0.84	

16 1.37	 0.832	 127.6	 0.90	 16 1.37	 20.8	 90.9	 0.86	 16 1.36	 84.2	 64.1	 0.84	

17 1.37	 0.847	 123.8	 0.90	 17 1.37	 21.1	 88.2	 0.86	 17 1.36	 85.6	 62.1	 0.84	

18 1.37	 0.847	 123.7	 0.90	 18 1.37	 21.1	 88.1	 0.86	 18 1.36	 85.7	 62.9	 0.84	

19 1.37	 0.841	 125.3	 0.90	 19 1.37	 21.0	 89.3	 0.86	 19 1.36	 85.1	 63.1	 0.84	

20 1.37	 0.840	 125.6	 0.90	 20 1.37	 21.0	 89.5	 0.86	 20 1.36	 84.9	 61.5	 0.84	

� 5-1���
��������������$����
L :	�	��#&� n :	+)"� μa :	*! �� μs :	(' �� g :	%�('�������
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 	8IJKJ = (		8LJMNOPQ − 8OPQ		)		– 	(8SLJMNOPQ			– 	8SOPQ)	  (5 -1)   

  IA a n a  

  Ib b a s e c o r I b a s e c o r  

  Ib c o r I c o r  

 

 5 -11   30  
5   5 -11(a)   

I a n a  5 -11(b)   IF a n a   5 -11  

“

 5 -11(b)   8  b i t  
  

 

� 5-10���	
�����������������������	���

Raw	image Difference	 image

False	color	 image
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Brightness	
corrected
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Corrected	 image
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Ibraw

Iraw

Ibcor

Icor

Ibdif

Idif

IFana

Ibbasecor

Ibasecor
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ΔWater
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Low
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Water
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Water
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 5 -12  
 (  2   (Lot ion  A Lot ion  B)

 2   (Emuls ion  A Emuls ion  B))  
 1700 nm  CH 

OH 
 

1920 nm  OH 5 10 30 60 90 
  

 

� 5-11���������$ �	�����	%"������!�
(a)	$ ��	#������(b)	$ ����
�����	%"������

64.9 31.7 20.7

0	minBefore 30	min15	min

After	application	 of	moisturizer
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(a)

Water	content High
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 5 -13   I a n a   ROI 
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5 .4 .3  [127 ,129]   

 

 5 -14  SC  (  
5 -14(a) )   (  5 -14(b))    

 

 

 

 SC  5-15  
 [130] 1920 nm  OH 

  

 

� 5-14����	��
�
(a)�����(b)	������������
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Water
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 5 -16  
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� 5-15��
�	��� [130]�

� 5-16����
	�������������
(a)��
�(b)	��	�

(b)(a)
After	water
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High

Low

Water
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 5 -17  A B C D  4   1920 nm  
OH 0 2 3 5 
”  (A B C D) 
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5 .4 .4  [127 ,131]   

 

 5 -18  
  

 

 

 

 1920 nm  OH  
8  b i t   Raw 5 .4 .2   5  % 

 I c o r  
 (  Po (x ,y )  Pi (x ,y )  Pe (x ,y )  Pm (x ,y )

 Pn (x ,y )  
 Lw   Lh   (  5 -2) (  5-3)  

 

 

 Lw  =  (Pi (x )  -  Pe (x ) )  /  9       (5 -2)   

 Lh  =  (Pi (y )  –  Pm (y ) )  /  9       (5 -3)   

 5-18�	������
������

(d)	Water
distribution	 image

Water
High

Low

(a)	Averaged	intensity	in	
each	cell (c)	False	colored
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 I c o r   Pi (x ,y )   
17  9   M i n (x ,y )  

n  
 M a v (x ,y )   (  5 -4)   

 

    (5 -4)   

 

 

5   IRF a n a a v  

 IF a n a a v    

 5 -19  85  10  %RH 
15 

15   (1300 nm  1950 nm 
)   20   105  

 ( +40 +7)  (+7
+1)  (+1 0)  (0 4)  ( 4 15)  

1920 nm  OH 

”

  

 

!"#(%, ') 	= ( !+,(%, ')
-

.-/0
)	/	2	 
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 5 -20  26  

26   4  
4  

 5 -20(a)   5 -20(b)   5 -20(c)   5 -20(d)  
1920 nm  OH 

 (5 75)  (75 80)  (75 80)  (88
95)  (95 200)  ”

 1  

  

 

O 5-19�85	*.�DZ/IFVA��8*H>*S�B1�
+N 20	*-
� 105	*-��� 1920	nm	�<M6*J@T�C
%" &�B1H�,��EG)30�7RL�?(�� 255	P4
�X/B1H�5Q�[W�'��5=�[W�'�X/L\L��
KQ�–4�–15�8Q�0�–4�UQ� 1�0�YQ� 7�1�MQ�
40�7�8*H�:	� 1920	nm	�<M6*J@T�X/L�2�
������$�#!�B1H�8*H�;9����=��

Increase

Decrease

No	change

∆Water

N=15,	 mean



 89 

 

 

Corneometer ® 
 5-21   2  

”   

 

 

 

(a) (b) (c) (d)

8 5-20�=�'�2+�@�:B. �
(a)	4�(b)	?�(c)	9�(d)	C�1920	nm	�)7%�3-A�/�����01�"��&>6�,��
255	;#�F�6�5	<�HE����$*�HE���F�6I6��5<�5�75�'<�75�80�
D<� 80�88�G<� 88�95�7<� 95�200�'�2
(	� 1920	nm	�)7%�3-A�F�6
�!�����

N=26,	 mean

Water
HighLow

Right	cheek

(a)

(b)

� 5-21����	���
����
������
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 Po (x ,y )   Pn (x ,y )   (a )
 (b)   2   5 -22(a)  

 a  5-22(b)   b  
 b  

 (p=0.017)   (p=0.0019)   a  
  

 

 

 

 2  
 5 -23(a)   a  5-23(b)   b  1920 nm 

1920 nm 

 a  
 b  

 2  

26   4  
1920 nm  OH  1  

 1   5 -24  
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� 5-22����	������
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20

30

40

50

Sp
rin
g

Su
m
m
er

Au
tu
m
n

W
in
te
r

Corneometer

Ca
pa
cit
an
ce
	(
A.
U.
)

40

50

60

70

Sp
rin
g

Su
m
m
er

Au
tu
m
n

W
in
te
r

Corneometer

Ca
pa
cit
an
ce
	(
A.
U.
) * *

*

(b)

N=26,	 mean±SD
*:	p<0.05



 91 

1   1    

 

 

 

 

 

 

(b)(a)

� 5-23�1920 nm	�	����
������������
(a)	� a,	(b)	� b�

60

70

80

90

100
Sp
rin
g

Su
m
m
er

A
ut
um

n

W
in
te
r

NIR	camera

In
te
ns
ity
	(
A
.U
.)

*
* *

60

70

80

90

100

Sp
rin
g

Su
m
m
er

A
ut
um

n

W
in
te
r

NIR	camera

In
te
ns
ity
	(
A
.U
.)

*

N=26,	 mean±SD
*:	p<0.05

70	

75	

80	

85	

90	

95	

100	

20	 30	 40	 50	 60	 70	 80	 90	

In
te
ns
ity
	a
t	1
92
0	
nm

		(
A.
U.
)

Capacitance (A.U.) N=104

� 5-24�1920 nm	�
����������	��������

r =	−0.112
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5 .4 .5  [127 ,130]   

 

 5 -25  
 3  mm×4 mm 

 3  mm×4 mm   

 

 

 

 5 -26  
0 60 90 105 120 1920 nm  OH “

 5 -26(a)  
120  

 Area t  (A.U.)  
 ET  ( s )   5 -26  

 Area t  ET=120   

 

 

 

4	mm

3	mm

� 5-25���
�������	���������

� 5-26�������
��	�������������
(a)	0	��,	(b)	60	��,	(c)	90	��,	(d)	105	��,	(e)	120	���

(a) (b) (c) (d) (e)

Areat ET	=	120
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 5-27  3   (M1 M2 M3)  7  
 ET  ( s )    

 

 

 

 ET  
 D  7  3  

 ET   A
 ET  
3  M1  ET  

M2  M3   

 5 -28   Area  “

Area ( t )   
Area t ( t )   Area 0   (  5 -5)   

 

  I,+)(*) 	= 	I,+)T(*) I,+)>
    (5 -5)  

 

 5 -28  (a)   M1  5-28  (b)   M2  
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% 5-28��������&��	��$ 	����	"��
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 ET   Area  
ET   D  Area  

Area  
Area  

 ET  
 Area    

 ET  Area  
Water “  TEWL  5 -1   (Water
TEWL )   (Area ET )  

“ “

“

 7  
”

  

 

 

 

 5 -2   ET  Water  
Area  Water  Area “  TEWL 

 (  r=0.414 0.583)

 M1 
M1  M2  M3 

“

  

� 5-1� "
�������� ��!����	
�����������	������
�����

Water TEWL

ET -0.567 0.055

Area 0.144 -0.389

N=7
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5.5   

 

 [132 134]  

 1  

  

1460 nm  OH 

 3  
”

” 1460 nm 
1920 nm 

1300 nm 

 ( )  
 ( )   1300 

nm 

� 5-2�������
���	������������

ET vs	Water Area vs	Water Area vs	TEWL

Moisturizer	M1 -0.583 0.555 -0.521

Moisturizer	M2 -0.581 -0.430 -0.151

Moisturizer	M3 -0.414 -0.559 0.710

N=7
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1300 nm 
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”

 100  

 1  
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”

 (2  )   (10  11  )  
 4 6 10 12  4  

 [135]  Skicon-100 ( )  
4 6   10 12 

”

  

 5 -29   30  
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”  30  
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1920 nm  OH 

 [136]   

 

 

 

���DF6

6��
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" �#�%��!

N=10,	 mean

< 5-29� C> 30	&(�DF6�4&@�
20	+�50	+0. 10	1�'��C>( 15		�60	%RH	98*� 30	&)
A7(� 5	;=����E
�6������
�6��������
6��
�DF�6������DF�6����" �#�%��!
�-2�/?:�5B�$��,3�

� 5-30� 2	�����
�������
(a)	��������
�(b)		���
�
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 7 .8  g   5  cm  19  cm  (  
5 -30(a) )  

1920 nm  OH ”  5 -31  
 5-31(a)  

 5 -31(b)  
  

 

 

 

 5 -32  1920 nm  OH 
 ROI  (  5 -32(a) )   (  

5 -32(b))   (  5 -32(b))  
 (  5 -32(a) )   1920 nm 
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 100 

 

 

±

 5 -33  
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1920 nm  OH 
1920 nm  OH 
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 5 -34  

 5-30(b)  7  %(w/w)  
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 OH  5-35(b)  

 [137 ,138]  

.   
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