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Abstract: Since facial skin pigmentation is one of the visual characteristics of skin aging, it is important to evaluate skin

pigmentation in the cosmetics and aesthetic fields. Several groups have investigated and developed the image analysis

methods for skin pigmentation and some of the groups reported the age-

related changes of the number and size of facial

pigmented spots. However, they didn’t show the changes of the number and size of pigment spots by defined size, and

there is no report for Korean female regarding pigmentation. A total of 194 Korean females aged 20 ~ 79 (48.97 + 17.11

years) were analyzed for the number, size, and intensity of pigmented spots using various filters such as large high-pass

filter and median filter in their digital facial images. There were signific

ant correlations between age and total pigmented

spot number (No.), size, and intensity (I) (pearson’s correlation coefficient r = 0.688, r = 0.645, r = -0.563), and significant

correlations were also observed between the number and intensity of pigmented spots of different sizes. According to

the ANOVA results, there were significant differences in the percentage of spot size of 2 ~ 4 mm” and > 20 mm?® between

20’s and 70’s. In other words, with aging, pigmentation increases in the facial skin, and the large increase in pigmentation

is particularly noticeable in Korean women.
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1. Introduction

The skin pigmentation spot could be clearly and relatively
dark than own normal skin tone. Skin pigmentation have
various types such as post-inflammatory hyperpigmentation
(PIH), solar lentigines, melasma, freckle, nevus of Ota, and
so on, and several groups have investigated and developed
analysis methods or analysis of
hyperspectral camera reflectance for skin pigmentation

the digital image

pigmented spot could be detected and determined by digital
image analysis[1-7]. Recently, based on a large amount of
data, artificial intelligence (AI) is used to determine
pigmentation spot, and it is even being serviced online for
commercial purposes.

Some of the groups reported age-related changes of facial
skin color or pigmented spot number and size of Japanese
female[3, 4] and other research group was reported the facial
pigmentation severity and proposed hyperpigmentation types
based on the patterns of facial pigmentary demarcation lines
in Korean female[7]. However, they didn’t show the changes
of pigment spot number and size by defined size, and there is
no report for Korean female in focusing this pigmentation
classification by size. This investigation aimed to study and
report changing of number and size of pigmentation spot and
aging phenomenon on Korean female face.

2. Materials and Methods

2.1, Ethical Considerations

All volunteers gave written informed consent to participate
in the study, and all experimental procedures were performed
according to the ethical principles of the Declaration of
Helsinki and, approved by institutional review board (IRB No.
P1502-027).

2.2. Image Processing

A total of 194 Korean female (age: 20 ~ 79 y, 4897 +
17.11) who live in or near Seoul were enrolled for this study.
After washing their faces, all volunteers were kept for at least
20 min in a study room (temperature 20 ~ 24 Cand RH 40
~ 060%). Digital facial images were taken by VISIA-CR
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Figure 1. Summary of image processing.

(Canfield science, USA) and saved sRGB color system. The
cross polarized images of the cheek areas with 1,200 x 1,200
pixels were cropped, and then applied various filters such as
large high-pass filter (width & height 351, strength 30) for
enhancing the pigmented spot and median filter (5 % 5 pixel,
threshold percentage 20, passes 3) for noise reduction.
Pigmented spots were screened base on size ( > 2 mm’),
width ( > 14 pixel), and intensity (I) (I < 100 a.u). Referring
to the previous research[2,3], the detected spots were
classified into 4 classes, each class being 2 ~ 4 mn?, 4 ~
10 mn?, 10 ~ 20 mn?, and > 20 mm’. All image
processing was performed by Image-Pro Premier 9.2 (Media
Cybernetics, USA) and detected spots were analyzed the
pigmented spots number (No.), size and I. Figure 1 shows the
summary of the image processing procedure.

2.3. Data Analysis

If there were no pigmented spots in the class, the number
and total size were considered as "0, and the intensity (tone
values) were excluded from the analysis. Statistical analysis
was performed using SPSS 23 software (IBM SPSS, USA)
with a significance level of p < 0.05. Most data were
expressed as mean = SD (standard deviation). The correlation
analysis and stepwise multiple regression analysis were
performed with age and pigmented spot values, ANOVA
(analysis of variance) was used to calculate the statistical
difference of spot number, total size, intensity, and spot
number, size percentage (%) among age groups(age decades),
and the Scheffe’s or Games-Howell test was used for post hoc
analysis[8].
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3. Results -0.563, respectively, Figure 2). The total number of pigmented
spots and the total pigmented spots size increased with age,
and the pigmented spots intensity was darker. The example
results images of each age group (decade) were shown in

Figure 3. According to the result of stepwise multiple

The total number of pigmented spots, total pigmented spot
size (mn?’), and spots intensity were significantly (p < 0.001)
correlated with age (Pearson’s r were 0.688, 0.645, and
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Figure 2. The scatter plots and regression lines between pigmented spots and age. total pigmented spot no.,
showed significantly correlation with age (A-C).

size, and spot intensity
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Figure 3. Example images of analyzed pigment spots of age groups. #No. means volunteer’s sub ID of their age group.
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Table 1. Results of Stepwise Multiple Regression Analysis of Age and Total Number of Pigmented spot, Spot Intensity. “adj” and
“VIP” Represent the Adjusted and Variance Inflation Factor, Respectively

Unstandardized Coefficients  Standardized R2
B SE Coefficients t (R F VIF
Model 1
(constant) 18.815 2.463 7638 (8'32) 172.548™
Total Number of pigmented spot 1.245 0.095 0.688 13.136™ ' 1.000
Model 2
(constant) 82.349 21.014 3.919™ 0.498 04618
Total Number of pigmented spot 1.007 0.121 0.556 8296 (0.492) 1.711
Spot intensity -0.370 0.121 -0.204 -3.043" 1.711

“p < 0.01, Tp < 0.001

Table 2. Pearson’s Correlation Results of Each Pigmented Spot Class with Age Number (No.), Size, and Intensity (I) of Each

Pigmented Spot Class Correlated with Age. *p-value < 0.001

Pigmented spot class

2

2

2

2 ~4 mm 4 ~ 10 mm 10 ~ 20 mm’ > 20 mm
No. 0.514" 0.603° 0.420 0393
Size (mm’) 0516 0.599" 0417 0377
I (au) -0.556 -0.539" -0.441" -0.373"

Table 3. Pigmented Spot Number (No.), Total Size, and Intensity (I) Results of Each Age Group. Data are Expressed Mean + SD.

" No Pigmented Spot Case Excluded from Data, Each Lowercase Letter and “n.s” Represent the Same Subgroup and Non-significant,

Respectively
Age group
Index
20's 30's 40's 50's 60's 70's
Number of people 32 33 33 34 31 31
Mean ages 243 £ 271 341 +£242 442 = 325 544 +298 651 +318 733 +217
No. 6.8 £3.03 10.7° £465 105°+£364 1409 £ 481 1429 +372 1459+ 471
2 ~4mm’ Total size 19.0° + 872 30.1% + 1323 29.9™ £ 1027 394™ £ 13.65 40.0° + 1046  40.6° = 13.11
I 166.0° + 582 163.9° + 6.69 157.8% + 7.66 1556 + 852  1533° + 8.52  151.8° + 7.82
No. 46°£280 62346 81 +£280  10.1%+£432 1099 +330 1199+ 333
4 ~10 . a ab be cd cd d
5 Total size 285 + 18.81 36.8% + 21.67 49.5° + 1881 611 £ 2675 66.6* + 2045 74.0° + 21.64
I 1633 £ 7.10  162.0° £ 789 1558* + 753 1527 £ 96 151.89 + 8.14 148.8% + 7.49
Class - ™ "
No. 16+ 154 20°+201 23*+174 281203  41°+ 175  39%+ 226
10 ~ 20 . a a ab abc c be
. Total size 22.0° £ 675 266 + 6.62 311 £ 481 368%™ + 446 559+ 199 51.5% + 356
I 159.3" = 8.07 157.0° + 633 152.0% + 924 149.3% &+ 1030 148.3° + 920 14581 + 941
No. 03+ 094 07 +08  08°+1.15 12% 4+ 153 15%+139 22°+ 1.68
>20 mm® Total size  10.6° * 2% 216" £ 2772 268 + 4664 33.1% + 4964 483° £ 4779 732" + 62.18
In® 15397 + 812 153.07 £ 891 14767 + 11.16 143.77 = 12.78 14327 +10.78 14137 + 112
) 3hsl43E a3 A, A49H A 2 5, 2023
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Table 4. Comparison of Percentage of Pigmented Spot Analysis of Various Age Groups. Data are Expressed Mean + SE (standard
error), and Analyzed by One - way ANOVA

Age

Percentage (%)

No. Total size

e i ® 4 ~10mn? 10~ 20 mm’ > 20 mm® 2~ 4mm’ 4~ 10 mn® 10 ~ 20 mm® > 20 mm?
205 5270 +£339 340 +£3.05 110+ 177 22°+ 086 313"+ 388 383 +375 228 +349 7.7+ 289
30s 548" +243 319+207 94 =158 39%+090 296"+ 251 344+288 198 =298 161" +336
40s  484™ £200 378+ 179 1001 = 113 37°+090 252° +£201 395+250 217 235 13.6° + 3.06
50s 507" +£208 359+ 1.8 96+ 111 38 +085 269" +205 385+240 209 237 1370+ 289
60s  46.1% £ 152 355+ 143 133 +095 517+ 088 202"+ 132 329+ 178 268 = 1.66 20.1° + 2.98
70s  440°+ 1.64 371+ 155 120+ 118 7.0°+ 1.16 182" + 124 335 +244 209+ 1.92 274"+ 3.11

p-value < 0.01 Non-significant Non-significant < 0.05 < 0.001 Non-significant Non-significant < 0.001

regression analysis which using the total number of pigmented
spots, the total pigmented spots size, and spots intensity, the
total number of pigmented spots and spot intensity
significantly explained 49.2% (.4R’) of age (p < 0.001, Table 1).
The standardized coefficient of the total number of pigmented
spots and spot intensity were 0.556 and -0.204, respectively
(Table 1). In addition, the results of correlation analysis
between age and values of each pigmented spots class showed
significant correlation (p < 0.001, Table 2), and the mean and
SD of each age groups were expressed in Table 3. According
to the ANOVA results, there were significant differences in
pigmented spot number, size, and intensity among age groups
(Table 3). Except for the class larger than 20 mnY, in all
other classes, the number and size of pigment spots increased
and the intensity decreased with increasing age. There was a
significant difference in the percentage of pigmented spots
number between those in their 30’s and those in their 70’s,
and between those in their 20’s and those in their 70’s, in the
2 ~ 4 mn’ and > 20 mm? classes, respectively (Table 4). In
addition, there was a significant difference in the percentage
of pigmented spot size between those in their 20’s and 30’s
and those in their 70’s, and between those in their 20’s and
those in their 70’s in the 2 ~ 4 mn’ and > 20 mm’ classes
(Table 4).

4. Discussion

In this study, we analyzed the face of a Korean female

based on the color of the digital image, and calculated the
number, size, and intensity of pigmentation spots in the cheek
areas. In addition, by categorizing each individual based on
the size of pigmentation, the number and size of pigmentation
per category of each individual were calculated. Although the
types of pigmentation such as solar lentigines, melisma, nevus
of Ota, PIH, etc. could not be distinguished, such as in
previous studies[3,4], it was also quantitatively confirmed that
the degree of pigmentation worsened with age. The melanin
index was not directly confirmed in this study, but the
darkening of the pigmented spots might be a result of
increasing the amount of melanin. Also, through the stepwise
nultiple regression analysis, it was found that the total
number of pigmented spots and spot intensity significantly
explained age, and in particular, the standardized coefficient of
the total number of pigmented spots was greater than that of
the spot intensity, indicating that it has a greater effect than
the spot intensity. When the total size was added as a factor
in the nmultiple regression analysis, the standardized coefficient
for total number of pigmented spots, spot intensity, and total
size were 0455, -0.144, and 0.174 respectively, and the
significance probabilities were <0.001, 0.055, and 0.072,
respectively. Ignoring the significance and focusing only on
the effect on age, the order is number, total size, and
intensity. In other words, the occurrence of pigmented spots
itself has a greater effect than the intensity of already formed
pigmented spots. In addition, we newly discovered that there
was a difference in the proportion of the pigmented size with

J. Soc. Cosmet. Sci. Korea, Vol. 49, No. 2, 2023
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increasing age. The proportion of small size of pigmentation
decreased and the proportion of large size of pigmentation
increased. Although pigmentation of a large size such as
melasma can occur, it is surmised that small pigmentation
gradually increases or the pigmented spot merges with
neighboring pigmented spots to become a large pigmentation.
The process of small objects merging to form a larger object
is an aging phenomenon that occurs in pores or wrinkles
[9-11], and pigmentation is also an aging phenomenon, so it
is assumed that the same process will occur in skin
pigmentation. However, since this study is not a longitudinal
study, further research using a longitudinal method with the
same subjects is needed. In summary, pigmentation does not
improve naturally, so it is necessary to care of the skin color
continuously from the 20’s with small pigmentation.

5. Conclusions

Facial skin will have more pigmented spots with age, and
the increase in the large pigmented spots is the most noticeable
phenomenon in Korean female. In addition, since skin

pigmentation is one of the aging processes, it is necessary to
take steady care of pigmentation from the early 20’s.
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