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Abstract

Purpose: This study aimed to analyze the differences in skin characteristics such
as crow’s feet, visible and invisible spots, pores in the left and right cheek areas of
the face, porphyrins, brown spots, and skin color and texture with increasing age.
Methods: This study utilized Visia-CR software Mirror® to capture images of the
entire face of 457 individuals aged 30-60 years. Facial skin characteristics were
analyzed using image analysis software, VAESTRO, and a toolkit. The analysis of
facial skin characteristics according to age was performed using one-way analysis
of variance to test for significance, followed by Scheffe’s post-hoc test. Results:
Significant differences in age-related crow’s feet, visible and invisible spots, brown
spots on the left and right cheeks, and skin texture were observed in all age groups,
except for groups in their 50s and 60s. Porphyrins, depending on age, showed
significant differences between the mean values of the 30s and all other age groups
and those of the 40s and 60s. Significant differences in L and a" according to age
were observed between the mean values of the 30s and 50s-60s and those of the
40s and 60s. Significant differences in age-dependent b* were observed between
the mean values of the 30s and all other age groups. Conclusion: This study found
significant differences in wrinkles, spots, brown spots, and skin color (L, a*, and
b") with age. However, there were no significant difference in the pores of the facial
skin and b” with increasing age. Based on this result, L" and a” are likely to require
further research for the age groups in the 30s and 40s, 40s and 50s, and 50s and
60s. In addition, pores and b” require follow-up studies on morphological changes of
the facial skin regardless of aging.
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Figure 1. Test measurement site.
Sources: VAESTRO Image Analysis Toolkit, USER GUIDE.
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Table 1. Parameters of facial features
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Figure 2. Comparison of the total area of eye wrinkles by age.
Results are expressed as mean+S.D. *Significantly different at
p<0.05 compared between ages.
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b T 7] AR S7M0 wE FE 24 WakE AvEd,
30t} 42,71+30.55, 400 60.70+38.28, 50| 73.37+43.36, 60
o 85.48+43 812 AE [ w7} FF total area’t S7H5
ATHp<0.05).

Parameters

Periorbital wrinkles white light.

Feiailpliz) el et under standard daylight conditions.

Periorbital invisible spots
Full-cheek pores

Full-cheek porphyrins

FUllkelhze <o syt in cross-polarized lighting mode.

Full-cheek skin color

Ull-enEEt e daylight conditions.

The visible spot analysis algorithm provides the count and total area (m?

The invisible spot analysis algorithm provides the Count and Total Area (m2
visible under UV fluorescence or blue light.

The pore analysis algorithm provides the count and total area (m

Analysis

The wrinkle analysis algorithm provides the total area (m?) values for wrinkles and fine wrinkles under uniform

) values of hyperpigmentation visible
) values of hyperpigmented spots

2) values of visible facial pores

The porphyrin analysis algorithm provides the count and total area (m?) values for porphyrins that appear as
bright spots under UV fluorescence or red light.

The brown spot analysis algorithm provides the count and total area (m?) values of hyperpigmented spots seen

The skin color analysis algorithm provides mean L” (brightness), mean a” (redness), and mean b” (yellowness)
values for color measurements under standard daylight conditions.

The texture analysis algorithm provides the roughness measurement value for skin roughness in standard
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Figure 3. Comparison of visible spots around the eyes (count,
total area) by age.

Results are expressed as mean+S.D. *Significantly different at
p<0.05 compared between ages.
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Table 2. General information regarding the test subjects

Invisible spots

30 40 50

Count

60

30 40

Total area (

50
m?)

60

Age

Figure 4. Comparison of invisible spots around the eyes (count,
total area) by age.

Results are expressed as mean+S.D. *Significantly different at
p<0.05 compared between ages.

60t 22,407,012 A% JAHY w7t Bole §H count7t
37192 (p<0.05), w=7F Boli= 9H total arear= 30t 40,55
+30.30, 40t 55.89+31.30, 50} 64.43+33,74, 60U 77.16+
40,592 A= Az 7t Hol= ¥ total area©] S7H= itk
(p<0.05).

Aol W =7} Bol& Hhd count+ 3002} 400, 3002} 50
o, 30the} 60, 40thet 60 A= Hate] Hats F95 &
oA Zpo] 7k TEE RO H(p0.05), 40the} 50T, 50the} 60T AT
Hate] Haks Folgh Kol HZEA| okttt

Aol WE 7ol Hol= 1 total area: 3002} 40, 30

Iltem

Male
Gender
Female
30s
40s
50s
60s

Total

Age groups

43
414
85
199
125
48
457

Mean+SD

35.04+3.18 years
44.57+2.78 years
54.30+2.83 years
64.16+3.07 years
47.77+9.37 years

Mean+S.D. , mean+standard deviation.

Table 3. Analysis of eye wrinkles with increasing age

Age groups N
30 85
40 199
Total area (m?) 50 124
60 47
Total 455

Mean+S.D.
42.71+30.55
60.70+£38.28
73.37+43.36
85.48+43.81
63.35+40.95

p-value

15.956 0.000"

Mean+S.D., meanztstandard deviation. p<0.05, p-value is measured by One-way ANOVA (Scheffe).
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Table 4. Analysis of visible spots around the eyes depending on age

Age groups N Mean+S.D. F p-value
30 85 13.12+8.95
40 198 17.19+8.49
Count 50 124 19.52+8.94
60 47 22.40+7.01
Total 454 17.6018.95 14.916 0.000"
30 85 40.55+30.30
40 198 55.89+31.30
Total area (m?) 50 124 64.43+33.74
60 a7 77.16+£40.59
Total 454 57.55+34.37 15.132 0.000"
MeanzS.D., meantstandard deviation. 'p<0.05, p-value is measured by One-way ANOVA (Scheffe).
Table 5. Analysis of invisible spots in the eye area with increasing age
Age groups N MeantS.D. F p-value
30 85 54.51+19.72
40 198 67.06+16.95
Count 50 123 70.80+14.57
60 47 72.47+12.66
Total 453 66.28+17.52 19.789 0.000"
30 85 186.78+96.19
40 198 255.54+84.37
Total area (m?) 50 123 295.81+91.66
60 47 324.74+84.65
Total 453 260.75+98.08 34.471 0.000"

Mean+S.D., meanzstandard deviation. p<0.05, p-value is measured by One-way ANOVA (Scheffe).
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(Table 7, Figure 6).

ot B H-0% Bo| AgFTle wE x2u]e] B4 W}
2 AmEw, 300 409,51 +335.60, 40T 269,.22+294.25, 50
o 186,75+274.81, 60t} 102,02+142,692 AxE Hizte] 2}
$= 29 x2ud Count’} 7H4AE 2™ (p<0.05), 30 55.030
+46.031, 40th 34.367+38.617, 50t 22.653+ 34,464, 60t}
12,428+ 17,3422 A=d Adzte] 202 2o] z2u]g Total
Area®] Z2E3{tHp0.05).

Ago hE Z239 countw= 30t} 2= AF o, 40t
60t A Fre] Hoahs Fofgt EoA lol7t AEE oY
(<0.05). 40the} 50H, 50cHet 60c] A el Hatahs foft

12001
10001
8001
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Pores

4001

200+

40 50
Count Total area (m?)

Figure 5. Comparison of pores (count, total area) by age.
Results are expressed as mean+S.D. *Significantly different at
p<0.05 compared between ages.
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Figure 7. Comparison of brown spots (count, total area) by age.
Results are expressed as mean+S.D. *Significantly different at
p<0.05 compared between ages.
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(Table 8, Figure 7).

QHH w R 95 Eo| AF F7lo] e 24 whe 24 |
3= AmEW, 309 127.51+31,79, 40t 137.66+25.20, 50
o} 147.51+21.11, 60t} 153,31 +£18 432 AFE HA7te -

L= Zo] AP count”} E7HE 28 (p<0.05), 30t 403,91
+144.68, 40t} 461,29+124 45, 50t 518,75+121.83, 60tH
S et 92 Bo

550,42+ 8352 1 24 BHY total area

5001
4001

300

Porphyrins

200

100f

40 50

Count Total area (m?)
Age

Figure 6. Comparison of porphyrins (count, total area) by age.
Results are expressed as mean+S.D. *Significantly different at
p<0.05 compared between ages.

Skin color

30 40 50 60|30 40 50 60
Mean L* Mean a* Mean b*
Age

Figure 8. Comparison of skin color (mean L*, mean a*, mean
b*) by age.

Results are expressed as mean+S.D. *Significantly different at
p<0.05 compared between ages.
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o] S7H AtH(p<0.05).

Aol w2 24 ¥H counti= 30tHet ZE A7 A, 40thet
50tH, 4othet 60t A He] Hatde Fo &M Zel7t
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Table 6. Analysis of pores with increasing age

Lsfol| 2 2HH mRo|

Aol 2

o B &
60th 1% e
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MES o Hslof|

e
ro

o

total areat= 30Ti} 40d], ZE A Aot
ollA] Zpo]7} FEE RO LHp0.05), 50thet
IR I3 Aol= HSHA| esdtt

Age groups N Mean+S.D. F p-value
30 84 863.71+381.94
40 198 788.20+298.08
Count 50 124 822.49+298.86
60 48 741.10+248.26
Total 454 806.56+311.91 1.994 0.114
30 84 138.33+63.79
40 198 125.27+50.50
Total area (m?) 50 124 137.23+49.80
60 48 130.27+45.50
Total 454 131.48+52.70 1.901 0.129
Mean+S.D., meantstandard deviation.
Table 7. Analysis of porphyrins with increasing age
Age groups N Mean#S.D. F p-value
30 84 409.51+335.60
40 198 269.22+294.25
Count 50 124 186.75+274.81
60 48 102.02+142.69
Total 454 254.97+298.62 15.332 0.000"
30 84 55.030+46.031
40 198 34.367+38.617
Total area (m?) 50 124 22.653+34.464
60 48 12.428+17.342
Total 454 32.671+39.438 17.783 0.000"
MeanzS.D., meanztstandard deviation. ‘p<0.05, p-value is measured by One-way ANOVA (Scheffe).
Table 8. Analysis of brown spots with increasing age
Age groups N MeantS.D. F p-value
30 84 127.51+31.79
40 198 137.66+25.20
Count 50 124 147.51+21.11
60 48 153.31+18.43
Total 454 140.13+26.14 15.902 0.000"
30 84 403.91+144.68
40 198 461.29+124.45
Total area (m?) 50 124 518.75+121.83
60 48 550.42+88.54
Total 454 475.79+132.51 20.874 0.000"

Mean+S.D., meanztstandard deviation. p<0.05, p-value is measured by One-way ANOVA (Scheffe).
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Aol o & 9] mjias B Aake thEat ZohTable
9, Figure 8).
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Table 9. Analysis of skin color with increasing age
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chiko] ke ol Aol BSE gt

8) m|EZ 2A Znt
Aol W2 & 249 uRdg B4 Auks o3 ZrHTable
10 Figure 9)

Eg F7ol W wjyae) BA v
8, 409} 2.15+0.44, 509 2.32+
2 2ol 5%

= hl%itﬂ 30rH 1,98+
0.47, 60t 2.50+0,462 @%% Adzre &5
roughness= 27} 2tHp<0.05).

Aol W2 752 roughnesse 30th¢} 400, RE A8 Atk
FFI $93F SZo) A o7 A2 (p0.05), 50tk 60
of A% Fekae] Bataks §23 Alols TEE A Yttt

Age groups N Mean+S.D. F p-value
30 84 61.32+4.03
40 198 60.75+3.62
Mean L" 50 123 59.61+4.11
60 48 58.75+4.27
Total 453 60.34+3.97 6.555 0.000
30 84 17.56+3.27
40 198 18.41+3.11
Mean a” 50 123 19.37+3.04
60 48 20.07+3.34
Total 453 18.69+3.23 9.116 0.000
30 84 33.69+2.66
40 198 36.67+£2.89
Mean b” 50 123 37.34+2.86
60 48 37.81+2.24
Total 453 36.42+3.08 35.979 0.000
Mean#S.D., mean+standard deviation.
Table 10. Analysis of skin texture with increasing age
Age groups N Mean#S.D. F p-value
30 84 1.9840.48
40 198 2.15+0.44
Total area (m?) 50 125 2.32+0.47
60 48 2.50+0.46
Total 455 2.20+0.48 16.240 0.000"

Mean+S.D., meanztstandard deviation. p<0.05, p-value is measured by One-way ANOVA (Scheffe).
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Figure 9. Comparison of skin texture (roughness) with age.
Results are expressed as mean+S.D. *Significantly different at
p<0.05 compared between ages.

Discussion

TR 98 5o AAE B Sl 7F £ 718eR 9N ERE
m ol Meld Eejd AdS Al gsto] WA, 54 9 Axep e
A Y oaNE nig BadithYuet al., 2019). AU EH
Y= 71| BE Q1A ThE 7|39 3te} g AETE YA
3} @4 <lof] ekt e ale] ofgh eI weste §A FPHct,
el 8312 §4A](genome) £RA1CZ 1] §4, ARt
o @2 291 ou|siy =3} 21e] 20% ol3ke AHA|EkLL, 30%S
AR B 8302 exposome & F-31A 2] BE 3F Q1] HAY
w29 e 4R A0E, A, Fl, 71%F ol 1, &5, %
% 5 A= 2FETHCho, 2021).

T w3 oA BHEE 9F 7)) Wst F S S
7F, 95 21739] o]k Z1u] Yol Yok o7kA] WshE Hha)
g}, w=8tof| whE w29 Mol gt A=Eol 2, =5
H gRe o3t 22 24 478 Hole A0 F wuje} 71u] A
B71 wgalz| 1, ®ujof A5k Wald AlE, FAZIA A2
S7h gt Qo] YFo) Qlom, AdfotiE, vlghA| 2] 71
Zr48tHHan et al,, 1998),

87} w3t Hof| wE Yehs JFRA FEL
719] 4, w5 ARy, mRA Q) wstel FEAQ] Az}
S E F 9lon, Ao SV wet RFer FE9 o7t
3713k, 494 o)} 15| T8 HH o] 7}7“ W A& Yeptt
(Cho et al., 2012), )% 1=3}0] TRl BARE FEo|n, o )
Hol E7h, uizk, 97k, A} FEolE %‘ 4 et Yolzk 371
o wet & B, w2, w7k @2 5 S3%k] ST B
TE Yo (Kim et al., 2019), FATF 3Ej(o]u}, £, Qe
7}, oFtwst, mizh &, dmeE], SAFE) izt AR A E
ES AQg BE 9= o] U gt F50] Uk
(Takema et al,, 1997). G, Z=, gi=F 49 I3t 77 479

Z7h aen &
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Aol w2 ¥s} HjwelA BE IFoA o AHBAE et
SItHTsukahara et al,, 2007), ]2t Zil= A o] Z7)5to] ukat
7t F50l S/ £ A7 Anet AR & 4= Qlot

7P ol &R S o 2 HE AAE BIslk= Fa% 9
< st WHE o2 7| HERT QAN A& o R A, 1]
MR FoaRE =&EE= 5L /et 13 ¢ gie X
oluf MEjdolahs B4 Athe] mg-g v Kkl IR =& H
ol & 4= Qlek, o]2fd S A aQlo R TV tiRAQ] @
o] ol vy & MAF] ol

B Ao AE A7 St mE rtel Bol: vhdIt Holx|
e v EAskglnh AR, 9% St W £k B
ol HHE} Ho|x| = Wb BE Fkshch Aol
ANTERA 3D ©]4-st9 d5o WE melaning 243+ 23}, o)
9] 7]l H7}8H= melanin ko] 30thellA] 0,570, 40tellA] 0,620,
50thollAl 0,660, 60thollA] 06652 A Z7to] wat 7|u] 247k
o] Z7Ftg e (Kim et al., 2019), AFo] T Zo] w2
FollA Aol w2E 7 2 Ak Folxs 2O R YehtA
(Kwack et al., 2013), & g9} GARHS: eIt

Qb mPo] mge 2ASH o o HXM o] T2 ofxI7
Ao NARE Lot Qo R AR SElo] Seto R gl

= AE T2 dRET 239 I7)e W Zot o & FA

FoLt Qhiol oF 29vle] mFo] EAgit R kel RS
ARk 9k k= FeH et EFEfl *d%iﬂ Ao 2]
Zr}, 1 A0 23S AR F= o] RESHA HuA 2
FAAEA 3{1011111]-(1_,66 etal, 2015)
3 37 @ 220 tigk AgaTeln dFER Sojd =
145 v g 30t Ha 115.4670, 40the 129,617,

50t 130,757H, 60t 130,427, 70t oAk 130.717H2 Uet
U A5 Z7tol| wet gdjE =g At Sk & 4 9l
. Aole TAACRE Fofatirhdung et al., 2014), o= & &
T2 A%< F7tol met BFe g STkt AR Adtolut, #-9
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W 2o e 9 37)= Al UeloR wx) i} mg
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FE

(?l.
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\I

g o
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of wejo] 72, 23t 24 5 Wl 34 sje1y 9le] o3 A%
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29| 977} Fastohn Azg
z2uglolzt suIevle] BEW YL 4 YuE woF
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N

4 ol E2segelshn wich, Tl el FH2E B4
2 29l 2 U A, L A2 heE, AE 53t gA

& ¥o] UehdtHKim et al,, 2009). 8%9 °JJJ zaag
& WA} Boie] HAY o=E 7hgo] S4ard AR 4 oot
(Oberemok & Shalita, 2002), & HAolA E2u|TL2 AF Z7]o
e} Z2ujdo] Zastal, 30t B 40thollq a2y B4S A
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HE 4= itk g2 30—40tollA wf Z2njo] £A W olf
e A2 d9Y B4 gf 2 {0 B gioMe 1dwE
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