Quantification of Facial Pores
Using Image Analysis
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A common complaint related to aging in women concerns the widening of facial pores.To evaluate the
severity of the phenomenon, the authors developed a device called Dermascore that enables pores
to be visualized, photographed, and evaluated with an associated scale. Quantitative evaluation was
performed on the pictures using a specific image analysis algorithm that allows the number and size
of pores to be measured. The purpose of the study was to validate evaluation through image analysis
in comparison with visual evaluation. Dermascore photographs of the cheek were taken of 150 women
aged 18 to 70 years and evaluated by an expert panel with the grading scale used in standardized condi-
tions.The relationship between the scores and the computed results was studied using linear regression
analysis followed by a Pearson'product moment correlation. Thealgorithm allows the selection of pores
whose diameter was more than'a chosen threshold value. When the threshold is 100 um, 250 um, and
500 pm, the correlation coefficient between visual evaluation and calculated pore size was respectively
0.66, 0.76, and 0.60. The.image analysis procedure evaluated:the size of facial pores independently of
their number, and the most rélevant threshold value is 250 um to‘better fit the experts’ judgment.

s described by Uhoda et al,' pores are
outlets to sebaceous glands found on the
skins surface that secrete oil to lubricate
and protect the skin. Pores appear as empty

the role of aging in the enlargement of pores remain
relatively unknown.

Previous studies have suggested a link between exces-
sive sebum secretion and enlarged pores.’” Various

funnel-shaped structures and are found in

the skin of all individuals, except in the palms and soles.
Trouble with sebaceous gland function can induce
abnormal conditions such as comedones, pimples, and
acne.> A well-known consequence from a high rate
of sebum secretion at the skin’s surface is oiliness. To
date, the factors that affect the appearance of pores and

factors are known to influence sebum secretion, which
seems to decrease with increasing age.%® It was reported
that sebum secretion peaked approximately at age
20 years and then steadily declined in both men and
women until the end of life.” Hormonal factors also con-
tribute to differences in sebum secretion.” Environmental
factors, such as temperature and humidity, are known to
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QUANTIFICATION OF FACIAL PORES

influence sebum secretion'; however, few papers describe
the determination of pore size. Various treatments have
been proposed to reduce the size of pores; however, due
to the lack of appropriate methods for quantitative evalu-
ation, it is difficult to assess their efficacy.”

To evaluate the severity of pore size enlargement, the
authors developed the Dermascore device. Dermascore is
equipped with appropriate polarizing filters that enable a
visual assessment to be made and photographs of the skin to
be taken. Specific software, image analysis algorithm devel-
oped under LabVIEW, was designed to measure the number
and size of pores within the Dermascore observation area.
The purpose of this study was to validate the image analysis
procedure and compare it with visual score evaluation.

MATERIALS AND METHODS

Study Group and Controlled Conditions

A panel of 150 female participants aged 18 to 70 years
was recruited. Selection criteria did not include any
restrictions regarding skin type. The study was carried
out in a room with a controlled temperature of 23°C and

relative humidity of 39%. s
ticipants were performed after an a¢
in the controlled room for 20 mintite

taken of the cheek where pores are most visible.!!
Expert Panel

The experts were recruit g @0 thN@
sensitivity, which was evaluated hthalmologic .
They took part in a training period to learn to evaluate
objective criteria with a precise definition. Before enroll-
ment, they were selected according to their capacity to
discriminate and their reproducibility (intrasession and
intersession) after repeated evaluations of 400 photo-
graphs (350 photographs and 50 duplications).

The expert notation was accepted if the reproduc-
ibility, measured by the average deviation on the set of
150 photographs evaluated twice, was less than
10% of the range of the reference chart (minimum
grade=5). This validation process is well described in the
Association Francaise de Normalisation International
Standards Organization, which deals with certification
and represents France within European and international
standardization authorities.'

A panel of 11 experts was used to examine the photographs
of the participants’ cheeks and grade the pores according
to a facial pore chart (Figure 1). The chart was previously
constituted from a panel of 220 white women aged 18 to
70 years old."® The methodology to build this reference chart
is fully described in the reference.'* The photographs were
shown to the experts on a computer screen in random order,
which were different for each expert. The photographs
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e chart (reference chart) used by the

to be graded were obtained from the Dermascore device

tevelQL’ éal rch, Laboratories.
ore n Sb

Dermascore—This device uses the polarization proper-
ties of light to deliver different information as described
below.'>!51¢ A beam of light impacting the skin’s surface
is in part reflected by the surface at a specular angle and
transmitted inside the tissue. When the skin is struck by
polarized white light, some of the light is reflected and
remains white and polarized, whereas the transmitted
light becomes depolarized while traveling through the
skin’s surface. The device takes advantage of this behavior
to observe the skin differently. The color aspect alone is
observed by removing the specular component with a
cross-polarized analyzer, whereas the texture visibility
is strengthened by increasing the proportion of specular
reflection with a parallel polarized analyzer.

The unique feature of the device allows the skin’s
color and texture to be observed by simply changing
the relative position of the polarizers. The main body
of the device, the Dermogenius, is currently available
commercially and possesses 6 light-emitting diodes on
a ring. The first polarizer covering the ring polarizes the
light. The second polarizer is placed on the eyepiece for
analyzing the light reflected by the skin. The choice of the
parameter to be graded (tone or texture) is selected by a
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Figure 2. User interface of image analysis software for analyzing
pore size.

rotating polarizer, with a magnification of X4. The handle
contains rechargeable batteries, and the eyepiece can be
replaced by a digital camera to obtain photographs of the
observed area.

Image Analysis Software—Therimagesanalysissalgorithm
(Figure 2) was developed|using LabVIEW “8:0, based
on the fact that visible pores, are’ included in high fre-
quency.'” It is completely automated and does not require
any human handling.

Process
Color adjustment of the photographs is performed and
the images transformed into a gray scale (Figures 3A

QUANTIFICATION OF FACIAL PORES

and 3B) because the luminance information is the most
relevant criteria to fit the human perception of texture
due to pores under the Dermascore illumination. Low-
frequency data are filtered out in order to focus only on
the high-frequency data (Figure 3C). The positioning of
a region of interest (ROD) in the center of the photograph
(70% of the radius) is automatic. The automatic detection
of the ROI enables measurements to be made in millime-
ters, taking into account the possible differences of mag-
nification between photographs. The size and location of
the ROI is matched to the area where the experts evalu-
ated the pore size. Further binarisation and filtering of the
image is performed (Figure 3D). Geometric filtering (size
and circularity) is used to select the most relevant features
corresponding to the actual pores (Figure 3E). The upper
threshold for circularity parameter was set to 10 in order
to remove features such as hair or fine lines.

The threshold for pore size (minimum diameter for a
pore in um) can be set before the analysis. To determine
the best size setting, 3 values were used in this study:
(1) 100 pm, because it corresponds to the size of the
smallestsporestheshuman eye can see in Dermascore pho-
tographs:(linked-to the magnification of Dermascore and
image resolution);\(2) 250 pm, which is approximately
the size of the smallest pore the experts could effectively
see, calculated in the experimental conditions of observa-
tion (limited by.the density. of the pixels); (3) 500 pm,
which is approximately the ‘size of the pores that could
Be observed directly on the face in normal conditions
of observation (eg, nonspecific laboratory conditions of

Figure 3. Image analysis software for analyzing pores, depicting source color image (A), gray level image (B), high-frequency image (C), bina-
rised image after morphologic operations (D), image after final geometric filtering (E), and color image with detected pores (F).
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Classification of Expert Panel
Values into 5 Groups

Group 1 2 3 4 5

05.
<1.49

15.
<249

25.
<3.49

35.
<4.49

45.
<5.49

Scores

illumination, various contrasts of pores, longer distance
of observation).

Final selection of real pores is made by colorimetric con-
trast filtering with the surrounding skin as a method to dis-
card objects such as small spots. Results include a display
of detected pores on the initial color image (Figure 3F)
and a report of results (size and number of pores per cm?)
on a datasheet that can be further analyzed.

Statistics

The Pearson product momentycorrelation (SPSS ver:
sion 13) was used to explore the relationshiprbetween
data obtained by image analysis appreach (size and
number), visual evaluation using the pore chart (ref-
erence chart), and the correlation between pore size
and age.

In order to evaluate the sensitivity of the image analysis
approach, the values from the expert panel were classi-
fied into 5 groups corresponding with grades 1 to 5 in
the reference chart. No score was lower than 0.5, which
explains the absence of group 0. Mean pore size and pore
density were calculated by image analysis software and a
one-way variance analysis was used to compare groups.
Groups were defined as described in Table 1.

In order to evaluate the influence of aging on the size
of pores, the authors calculated the mean pore size for
age classes in years (<30; 30-39; 40-49; 50-59; >60).

RESULTS

Figure 4 shows the pore size values calculated by image
analysis for the 100-pum, 250-pm, and 500-pm threshold
versus the mean grade given by the experts. The statistical
results show that the algorithm approach is well corre-
lated with expert panel grading for each threshold value,
with a better correlation coefficient (0.76) for the value of
250 um, 0.66 for 100 pm, and 0.60 for 500 pm.

The mean and statistical differences obtained for each
grade with the 250-pm threshold are shown in Figure 5.
As expected, an increase in pore size is found when the
grade increases. The results of variance analysis show that
all groups can be separated except grade 2, which cannot
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Figure 4. Pore size measured by image analysis versus expert panel
grading, with thresholds of 100 pm (A), 250 um (B), and 500 um (C).

be distinguished from groups 1 and 3. Different groups
can be characterized by the criteria of pore size.

Figure 6 shows the mean pore size and number of
pores measured for each threshold (100 pum, 250 pm,
and 500 pm).

Figure 7 shows the densities of the pores (number of
pores per cm?) obtained by the algorithm for the 3 dif-
ferent values versus the mean grade given by the experts.
There is no correlation between density and expert grad-
ing for the threshold value of 250 pm (r=0.03), whereas
the correlation coefficient for the 100-um threshold is
—0.49 and the correlation coefficient for 500 pm is 0.74.
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Figure 5. Mean pore size (mm?) measured by image analysis software
for each group, with a 250-um threshold. Asterisk indicates significant
differences at P<<.05 level; NS, no statistical differences between groups.
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Figure 6. Size and number of detected pores (mean calculated on all
the images) versus threshold value.

Table 2 summarizes the correlation coefficients obtained
between pore size, the number of pores, and the 2 methods
at the 3 tested sizes.

Figure 8 represents pore size versus age and shows no
correlation between both parameters. In Figure 9, the
mean pore size is very similar, with a maximum in the 50s.

DISCUSSION

Pores are a vital part of the skin’s structure, making it pos-
sible for oil glands underneath to protect and hydrate the
skin. Though essential, pores can also prevent a person
from having beautiful, flawless skin. Large, prominent
facial pores tend to first appear during puberty to accom-
modate the increased production of oil by the glands
under the skin. Pores can also become enlarged when
they are infected or clogged with dirt, bacteria, and oil. In
addition to puberty and infection, genes and age may also
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Figure 7. Number of pores per cm? detected by the algorithm versus
expert panel grading, with thresholds of 100 pm (A), 250 um (B), and
500 um (C).
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produce large facial pores. Individuals with thick skin
tend to display more obvious pores, and older people
are more vulnerable to having their pores become dilated
beyond the normal size.

To date, only a few papers have described objective
quantitative methods for evaluating pore size. One can
note the 3-dimensional stereo image optical topometer,”'®
skin capacitance imaging by Lévéque et al,' or analysis
with a dermoscopic video camera by Roh.?

The authors developed a new method of measure-
ment of pore size, based on the analysis of Dermascore
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Linear Regression and
Pearson Test Results

Threshold for

pore diameter 100 pm 250 um 500 ym
Pore size, mm?>  0.66 0.76 0.60
Number of

pores/cm’ —0.49 0.03 0.74

photographs. The aim of the present study is to validate
this algorithm.

The statistical results (Figures 4 and 5) show that the
algorithm approach is well correlated with the current gold
standard (correlation coefficient is 0.76 with a 250-pm
threshold) and provides a reliable way to get an objective,
reproducible quantification of pore size. The results of
this study support the validation of this method.

A few points were higher than the regression line
(Figure 4B), which explains why. thescorrelation, coeffiz
cient was not higher than 0.76. This is likely due.to the
photographs being slightly out,of focus. Indeéd, the algo-
rithm calculates exaggerated values, whereas the experts
correct for the lack of focus in their notation.

It was also noted that the\participants’ photographs
depicting the largest pores were far from the regression
curve. This raises the issue of the relevance of the upper
limit of the pore chart, which may prompt experts to give
a lower score than they would intend to.

Though the correlation with expert evaluation is not
perfect, this tool is very useful because it provides rapid
results and affords thoroughly objective image analysis.

When the threshold decreases, the number of pores de-
tected increases (Figure 6). For the lower value (100 pm),
the correlation coefficient between pore density and ex-
pert judgment is negative (Figure 7 and Table 2; r=-0.49),
showing that the experts do not use pores of this size
range in their evaluation.

On the contrary, with a threshold of 500 pm, the co-
efficient correlation for size is good (r=0.6), but pore
size is highly correlated with pore density in this range of
diameter (r=0.79). Furthermore we know that the den-
sity of sebaceous follicles is constant with age?®; therefore,
the threshold the authors chose has to be independent of
the number of detected pores.

The 250-pm threshold value gives results that better
fit the expert judgment (r=0.76) and also provides data
completely independent from pore density (r=0.03).

The correlation coefficient between pore size cal-
culated with the 250-pm threshold and the 500-pm

462 Cosmetic Dermatology® « SEPTEMBER 2009 « VOL. 22 NO. 9

y = 0.0005X + 0.1331
r=20.16

18 28 38 48 58 68
Age

Figure 8. Pore size measured with the algorithm versus age.

threshold is r=0.92. This shows that the choice of 250 pm
is not only relevant to fit the expert judgment, but also
proves that experimental conditions of observation in
this study are close to everyday conditions, simulated
by the 500-um threshold. The 250-pm threshold could
be considered as a relevant value to fit the perception of
pores in normal conditions.

Usinge250ppamyas jthe minimum diameter of a pore,
the poresdensity-appears/to be very low in comparison
with literature values (about 60 pores per cm? vs more
than 300 pilosebaceous follicles per cm? in the litera-
ture>*122). Indeed, the algorithm only takes visible pores
into decount, but literature often describes sebaceous
follicles that are much smaller than pores that the eye
¢an deteet. This"is confirmed by the lower number of
spots detected on sebum-absorbent tape (about 150-250
per cm? according to literature' ).

Data versus age does not show any correlation irrespec-
tive of the method used, either visual grading by experts
or automated calculation (Figure 8). With a larger number
of participants on a larger age scale, our results confirm
those from Roh et al’ regarding the link between pore
size and age. According to Piérard-Franchimont et al,**

0.257

0.20

0.15- I

0.104

Pore Size (mm?)

0.05+

<30 40-49

Age

30-39 50-59 >60

Figure 9. Pore size measured with the algorithm versus age groups.
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the influence of age on pore enlargement would be
moderated by hormonal impact. Figure 8 shows that
linear regression is not significant, but Figure 9 suggests
that the linear model may not be the better one to fit
the data. There would be a peak at approximately age
50 years and a decrease beyond that. Women older than
50 years would be subject to a decrease in pore opening
concomitantly with a decrease in sebum production fol-
lowing hormonal depletion. Menopause and hormone
replacement therapy have not been taken into account in
this study, therefore we cannot give more support to the
origin of this decrease.

CONCLUSION

The main concern for women is the visibility of pores;
hence the first method used to assess this parameter was
a clinical evaluation by direct observation of the surface
of the face. Visual assessment, however, is subject to
human error.

The Dermascore associated with a specific pore chart
has provided a novel improvement in the reliability of
evaluation.’” The use of a scale enables standardized
references to be defined, whichuincreasessthe robustnessy
reproducibility, and sensitivity of the grading proeess.

Photographs taken during the trial, allow ‘the quality
of evaluation to be improved further. Photographs can
be evaluated using magnification on a screen and then
graded by an expert panel as described in this study.

The aim of the present study was|to validate the final
step in improvement, consisting in“using a software Sys-
tem for measuring pore size. This step enables objective
evaluation of the parameter because no human involve-
ment is required. The image analysis process is automated
and is only influenced by the quality of the photographs
(eg, focus or contrast).

Thus, the new image analysis quantification software is
a reliable tool for the assessment of parameters of facial
pore characterization (number and size) because it pro-
vides data in accordance with human perception of pore
visibility. Moreover, this last point also confirms that the
reference chart associated with the observation device is a
valuable and easy-to-use tool for direct clinical evaluation.

REFERENCES
1. Uhoda E, Piérard-Franchimont C, Petit L, et al. The conundrum of
skin pores in dermocosmetology. Dermatology. 2005;210:3-7.
2. Cunliffe WJ, Shuster S. Pathogenesis of acne. Lancet. 1969;1:
685-687.
3. Roh M, Han M, Kim D, et al. Sebum output as a factor contributing
to the size of facial pores. Br ] Dermatol. 2006;155:890-894.

10.

11.

12.

13.

Rh

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

QUANTIFICATION OF FACIAL PORES

Miescher G, Schonberg A. Untersuchungen tiber die Funktion der
Talgdrusen. Bull Schweiz Akad Med Wissensch. 1944;1:101-114.

. Jo HY, Yu DS, Oh CH. Quantitative research on skin pore widen-

ing using a stereoimage optical topometer and Sebutape. Skin Res
Technol. 2007;13:162-168.

Agache A. Evaluation de la production sébacée. In: Thivolet J,
Schmitt D, eds. Sémin INSERM. New York, NY: Informa
Healthcare; 1987:93-100.

Saint-Léger D. La glande sébacée. Encycl Méd Chir Dermatologie
(Paris, France). 1985:12223A10:8.

Jacobsen E, Billings JK, Frantz RA, et al. Age-related changes in
sebaceous wax ester secretion rates in men and women. J Invest
Dermatol. 1985:85:483-485.

Piérard GE, Piérard-Franchimont C, Lé T, et al. Patterns of fol-
licular sebum excretion rate during lifetime. Arch Dermatol Res.
1987;(suppl 279):5104-S107.

Piérard-Franchimont C, Piérard GE, Kligman A. Seasonal modula-
tion of sebum excretion. Dermatologica. 1990;181:21-22.
Meynadier J. Précis de physiologie cutanée. Paris, France: Edition
de la Porte Verte; 1980.

NF ISO 8586-2 sensory analysis-general guidance for the selection,
training and monitoring of subjects-part 2: experts. In: AFNOR,
eds. Sensory Analysis. Saint-Denis La Plaine, France: AFNOR
Groupe; 2007.

Bazin R, Giron E, Doublet E. Description of a new tool for the clini-
cal evaluation of skin appearance parameters. Poster presented at:
65th Annual Meeting of the American Academy of Dermatology;
February 2-6, 2007; Washington, DC.

Bazin R, Doublet E. Skin Aging Atlas: Volume 1 Caucasian Type. Paris,
HrancesMed’Com; 2007.

Pekarek D. The wse of| cross-polarized illumination for patient
photography. J Biol Photogr: 1993;61:95-97.

Clémenceau P, Breugnot S, Pouet B. In vivo quantitative evaluation
of gloss. Cosmet Toil. 2004;119:71-78.

Francois G, Giren E Bazin R. Quantification of facial pores size on
the Dermasgore pictures using image analysis algorithm. Poster pre-
senteddt: 15th.Congress.of the European Academy of Dermatology
and Venereology; October 4-8;2000; Rhodes, Greece.

Moon JS, Yi GJ, Oh CH, et al. A new technique for three-
dimensional measurements of skin surface contours: evaluation of
skin surface contours according to the ageing process using stereo
image optical topometer. Physiol Meas. 2002:23:247-259.

Léveque JL, Xhauflaire-Uhoda E, Piérard GE. Skin capacitance
imaging, a new technique for investigating the skin surface. Eur |
Dermatol. 2006;16:500-506.

Holbrook KA, Smith LT, Kaplan ED, et al. Expression of mor-
phogens during human follicle development in vivo and a model
for studying follicles morphogenesis in vitro. ] Invest Dermatol.
1993;101(suppl 1):39S-49S.

Piérard GE. Rate and topography of follicular sebum excretion.
Dermatologica. 1987;175:280-283.

Piérard GE, Piérard-Franchimont C, Marks R, et al. EEMCO guid-
ance for the in vivo assessment of skin greasiness. the EEMCO
Group. Skin Pharmacol Appl Skin Physiol. 2000;13:372-389.
Nordstrom KM, Schmus HG, McGinley K]J, et al. Measurement
of sebum output using a lipid absorbent tape. ] Invest Dermatol.
1986;87:260-263.

Piérard-Franchimont C, Piérard GE. Postmenopausal aging of
the sebaceous follicle: a comparison between women receiving
hormone replacement therapy or not. Dermatology. 2002;204:
17-22. |

VOL. 22 NO. 9 * SEPTEMBER 2009 » Cosmetic Dermatology® 463

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.





