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Abstract: The evaluation for the visage volume was performed with human and dummy face using PRIMOS body™.
Three researchers measured the dummy face attached different volume of clay (6.6 mL, 13.2 mL, and 19.8 mL).
It is identified that the high correlation between measured values and real volume (R® = 0.99). The percent (%)
of relative standard deviation (RSD) of the data was shown below 10 %. In Gage R&R analysis, the percent of
contribution, the percent of study variation and distinct categories values were 0.78 %, 8.85 %, and 15 % respectively.
Therefore this method was regarded as the good standard condition in aspect of reproducibility and repetitiveness
of data. The face volume variation was measured by PRIMOS body® on the face in participated 10 healthy Korean
women volunteers. Subjects used the product once a day for two weeks as night sleeping pack. After application
of the test products, the 3D image data of face were taken 1 and 2 weeks later. We found the face volume was
significantly decreased after using products. In conclusion, this novel non-invasive technique was useful in measuring
and visualizing alterations in face volume as a consequence of certain treatments. This system will provide a rapid
and precise analysis of 3D topographical information for face.

Keywords: PRIMOS body‘@, 3D image, face volume, validation, % RSD, Gage R&R

1. Introduction to evaluate the skin surface topography. Many groups
also have developed numerous techniques for the re-

Various non-invasive methodologies have been used construction and evaluation of the three-dimensional
(3D) topographical information. Most of previous

studies have been reported that tried to evaluate skin
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roughness and wrinkle depth with various devices.
However there was a rare report for measuring human
face variation quantitatively.

The purpose of this study was to develop the novel
evaluation method of human face variation with 3D
optical measurement. We applied a commercially
available instrument, PRIMOS body® optical three di-
mensional in vivo skin measurement (PRIMOS body®.
GFMesstechnik, Germany) for acquiring 3D face im-
age data.

2. Materials and Methods

2.1. Subjects

2.1.1. Validation Study

We used a dummy to set up the constant face
condition. One female volunteer participated in this
study.

2.1.2. Clinical Test

A group of 10 healthy female volunteers, in 20 ~ 40
ages, participated in this study after giving informed
consent. The volunteers thought that they had a
swollen face. All subjects participated throughout the
whole process of this study.

2.2. Instruments

The measurement of the skin surface topography
was performed using the PRIMOS optical 3D in vivo
skin measurement device (GFMesstechnik, Germany).
This system is based on the digital stripe projection
technique, which is used as an optical measurement
process. A parallel stripe pattern is projected onto the
skin surface and depicted on the CCD chip of a shoot-
ing camera through a shooting optic. The measure-
ment system consists of a freely movable optical
measurement head (with an integrated micro-mirror
projector, a projection optic, a shooting optic, and a
CCD recording camera) together with an evaluation
computer. The 3D effect is achieved by the minute el-
evation differences on the skin surface, which deflect
the parallel projection stripes. These deflections provide
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data for a qualitative and quantitative measurement of
the skin profile. They are digitalized and evaluated
quantitatively using the software, PrimosBody 6.3E".

2.3. Study Protocol

2.3.1. Validation Study

To confirm repeatability, a dummy was measured
three times with PRIMOS body® (GFMesstechnik,
Germany). Clay was used to change the volume of
the dummy'’s face. Three different volume of clay (6.6
mL, 132 mL, and 19.8 mL) was attached on the
cheeks of dummy. Then the dummy was measured
three times in each condition. To confirm reproduci-
bility, three researchers measured a dummy and a
volunteer three times at an interval of one hour. The
image obtained at each time point was compared with
prior images. Then, the difference volume between
several image data was evaluated.

2.3.2. Cosmetic Product Test

The subjects washed their face and were then accli-
mated for 15 min in a controlled room with constant
temperature and humidity (23 C, RH 40 %). First,
each volunteer’'s face was detected with the PRIMOS
body® before using the product. All volunteers applied
the cosmetic product (Sulwhasu Yeo-yoon night
sleeping pack, Amorepacific, The republic of Korea)
on the face every night for 2 weeks. The volunteers
were followed at an interval of one week.

2.4. Statistical Analysis

First of all, it was checked that the machine oper-
ated properly using the Gage R&R, one of the evalu-
ating tools in the statistical software Minitab 14%
(Minitab Inc., State College, PA, USA). The Gage
R&R analyzes the variation of measurements of a
gage (repeatability) and variation of measurement by
operators (reproducibility). It plays a significant role in
contemporary quality control process for the reason
that the goal of process control is to reduce variation
in the process and the products. We used two samples
t-test in Gage R&R to compare actual value with a
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Table 1. % RSD Analysis of Measurement (The Face of
Dummy)
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Table 2. % RSD Analysis of Measurement (The Face of a
Female)

Researcher 1 2 3 Researcher 1 2 3
Mean (mL) 6.3 6.1 6.4 Mean (mL) 185 16.8 189
S.D. 0.5 0.1 0.5 S.D. 0.8 2.5 1.6

% RSD 7.7 2.2 7.3 % RSD 4.3 14.6 8.3

1.5 20

1.0

(The scale bar for right image)
Figure 1. 3D images of the dummy attached with 6.6 mL

clay. Red area in the left image represents increased volume.
The right image is the result of evaluation.

measure of difference volume. It confirms there are
significant differences between the two values. It has
three estimating standards, the percent (%) of con-
tribution, the percent (%) of study variation, and the
distinct categories values. If the machine is in good
standard condition, the percent (%) of contribution,
the percent (%) of study variation and the distinct
categories values are below 1 %, below 10 % and over
10 %. On the other hand, if the % of contribution, the
% study variation and distinct categories values are
over 10 %, over 30 % and below 4 %, it demonstrate
that the machine is in unusable condition. Second, we
checked the percent (%) of relative standard devia-
tion (RSD) of measuring data. The % RSD identified
repeatability and reproducibility of the machine.

3. Results and Discussion

3.1. Repeatability and Reproducibility with the % RSD
Three researchers measured the face of dummy be-

(The scale bar for right image)
Figure 2. 3D image of a female compared with an image

taken approximately 10 months ago. Red area of cheeks in
the left image represents increased volume. The right image

is the result of evaluation.

fore putting clay on. After that, they measured the
face attached with 6.6 mL clay three times to com-
pare these images with prior image. Experimental
averages of volume difference volume between before
and after clay application were 6.3 mL, 6.1 mL, and
6.4 mL (Table 1 and Figure 1). All % RSD (% rela-
mean / S.D. x 100) of three

researchers were below 10 %. In addition, each re-

tive standard deviation

searcher measured the face of female volunteer three
times (Table 2, Figure 2). To estimate a realistic pos-
sibility of the comparative in vivo study with the in-
strument, the researchers tested the volunteer gained
weight significantly for 10 months. These images
were compared with the images taken approximately
10 months ago. There was no statistically significant
difference between the values statistically, although
the values were slightly different each other depend-
ing on researcher. The % RSD measured by two re-
searchers were below 10 %. The results indicated that
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Table 3. The Results of Two Sample f-test

A S

Table 4. The Results of Gage R&R Analysis

Actual volume Experimental values (mean, mL)

of clay (mL) R* 1 R* 2 R* 3
6.6 6.7 7.1 6.8

13.2 135 13.1 135

19.8 194 20.3 19.8
p-value 0.937 0.089 0.597

R*: Researcher

15 20

05 1.0
(The scale bar for right image)
Figure 3. 3D images of the dummies attached with various

volumes of clay (6.6 mL, 132 mL, and 19.8 mL)

0.0

the PRIMOS body(‘rR:‘ measuring system had repeat-
ability and reproducibility.

Contents % Contribution % Study variation
Repeatability 0.78 8.85
Reproducibility 0.00 0.00

Researcher 0.00 0.00

Total Gage R&R 0.78 8.85

Distinct categories

15
value

3.2. Accuracy

Three different volume of clay (6.6 mL, 13.2 mL,
and 19.8 mL) was attached on the cheeks of dummy.
Three researchers measured the dummy three times
in each condition. The actual values and experimental
values are presented in Table 3 and Figure 3. All
p-values calculated with two samples t-test were over
0.05. The correlation coefficients (R”) between the ac-
tual values and the mean of the experimental values
were 0997 (researcher 1), 0.996 (researcher 2), and
0.999 (researcher 3). The results demonstrated no sig-
nificant differences between actual values and meas-
uring values. In addition, this measuring system had

accuracy.

3.3. Gage R&R Analysis

The results of Gage R&R analysis are presented in
Table 4. The % of contribution and the % of study
were 0.78 % and 8.85 %. All items of the % of con-
tribution were below 1 % and those of the % of study
variation were below 10 %. The distinct categories
value was 15 %. The results coincided with the sat-
isfaction level of machine. The measuring system was
also certified stable.

3.4. Confirmation Using The Commercial Products
The face volume variation was measured by
PRIMOS body(‘rR:‘ on the face in participated 10 healthy
Korean women volunteers. We selected volunteers
whose faces usually become swollen in the morning.
We measured the volume of the swollen face after
sleeping. The images taken in the morning were com-
pared with the images taken in the evening one day
before (Figure 4). The average volume change was



337

an

15

10

(The scale bar for right image)
Figure 4. The 3D image of a swollen face before application
of the cosmetic products.

Table 5. The Results of Before and After Treatments

The loss of the volume 0 week 1 week 2 weeks
Mean (mL) 0.0 -3.1 -3.2
S.D. 1.5 14
p-value® 0.003 0.002

p-value®*: 1 week and 2 weeks were compared with before
treatment with cosmetic product.

approximately 3.6 mL. The volunteers used the cos-
metic product once a day for two weeks. The 3D im-
age data of face were taken after application of the
test product for 2 weeks later (The first week data
not shown). The weights of volunteers did not
changed for 2 weeks. The maximum difference of
volume compared before with after treatment of the
cosmetic product was 5.0 mL. The average difference
of volume in 10 volunteers was 3.2 mL (Table 5 and
Figure 5). It is found that the significant decrease in
face shape was obtained after treatment. All p-values
calculated with paired t-test were below 0.05 %. The
results demonstrated significant differences of the face
volume between before and after treatment and veri-
fied measuring system worked fine. It could be used
to evaluate the out come of medical or cosmetic treat-

ments of the skin surface.

4. Conclusion

It is made a precise determination of the accuracy
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(The scale bar for right image)
Figure 5. The 3D image of the face compared before with

after treatment with cosmetic product.

of the system and of the coefficients of variation of
both repeatability and reproducibility. The accuracy
was validated by the correlation coefficients (RH). R?
between the actual values and the mean of the ex-
perimental values was over 0.995. Repeatability and
reproducibility were ascertained by the % RSD and
the Gage R&R. The novel non-invasive technique in
this study was useful to measuring and visualizing al-
terations in face variation as a consequence of certain
treatments. This system will be provided a rapid and
accurate analysis of 3D topographical information for
face in clinical test.
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