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Abstract. We introduce a multimodal facial color imaging modality
that provides a conventional color image, parallel and cross-
polarization color images, and a fluorescent color image. We charac-
terize the imaging modality and describe the image analysis methods
for objective evaluation of skin lesions. The parallel and cross-
polarization color images are useful for the analysis of skin texture,
pigmentation, and vascularity. The polarization image, which is de-
rived from parallel and cross-polarization color images, provides mor-
phological information of superficial skin lesions. The fluorescent
color image is useful for the evaluation of skin chromophores excited
by UV-A radiation. In order to demonstrate the validity of the new
imaging modality in dermatology, sample images were obtained from
subjects with various skin disorders and image analysis methods were
applied for objective evaluation of those lesions. In conclusion, we
are confident that the imaging modality and analysis methods should
be useful tools to simultaneously evaluate various skin lesions in

dermatology. © 2008 Society of Photo-Optical Instrumentation  Engineers.
[DOI: 10.1117/1.3006056]
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1 Introduction

Various noninvasive point measurement devices (NPMDs)
have been widely used to quantitatively evaluate skin
lesions.'™® However, the NPMDs cause user-dependent mea-
surement errors due to contact mode and have limitations in
their evaluation of widely distributed skin lesions due to poor
spatial resolution and of skin lesions that require an extended
treatment protocol due to poor reproducibility of the measure-
ment on the identical skin site.”” As a result, digital color
imaging modalities based on fluorescence and polarization
have been introduced to complement the limitations of the
NPMDs.'*"”

Conventional digital color imaging has been routinely used
as an essential evaluation tool of skin lesions in dermatology.
However, the conventional digital color image has been quali-
tatively and subjectively evaluated due to poor reproducibility
in the image acquisition. In order to minimize the user-
dependent error in clinical practice, it is necessary to develop
reproducible imaging modalities and objective image analysis
methods.

Recently, there has been literature published to address
such issues.®*!'%2° Pigmented and vascular skin lesions were
evaluated with a reproducible cross-polarization color imag-
ing modality.l&20 Parallel-polarization images have been uti-
lized in the analysis of skin surface texture, such as altered
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keratinization, hydration, wrinkling, and photoaging.ﬂ’23 Han
et al.” developed a reproducible UV-A (ultraviolet-A:
320-380 nm) excited fluorescent imaging modality and im-
age analysis methods to quantitatively analyze sebum infor-
mation. Such imaging modalities provide objective informa-
tion for the evaluation of widely distributed skin lesions. In
order to maximize the clinical utility of this approach to
evaluate skin lesions, it is necessary to integrate independent
imaging modalities into one imaging modality.

In this study, we developed a multimodal facial color im-
aging modality (MFCIM) that integrates four imaging meth-
ods into one imaging modality. The MFCIM provides a con-
ventional digital color image (CDCI), parallel and cross-
polarization color image (PPCI and CPCI), and a UV-A-
excited fluorescent color image (FCI). The CDCI provides
both surface morphological and subsurface chromophore in-
formation on skin lesions.” Separately, the PPCI and CPCI
can differentiate surface and subsurface information on skin
lesions, respectively.”® UV-A excited FCI can simulta-
neously evaluate various skin disorders, such as photodam-
age, dyspigmentation, sebum, acne, bacterial invasion, and
keratosis.' ™!

The MFCIM takes four different color images from a sub-
ject in which each image presents different functional infor-
mation on facial skin lesions. The images are analyzed with
digital image processing to maximize the evaluation efficacy
of skin lesions. In this study, we characterized the MFCIM

1083-3668/2008/13(6)/064007/8/$25.00 © 2008 SPIE

November/December 2008 + Vol. 13(6)



Bae, Nelson, and Jung: Multimodal facial color imaging modality for objective analysis of skin lesions

(a) (b)

Fig. 1 (a) Front and (b) rear view of the multimodal facial color im-
aging system, which consists of (1) four optical filters for conventional
color imaging, cross and parallel polarization color imaging, and fluo-
rescent color imaging; (2) a headrest, (3) a linear polarizer, (4) four
UV-A lamps, (5) a ring-shaped white light, (6) a chin rest, and (7) a
digital color camera. All compartments were integrated into (8) an
imaging box.

and investigated its usefulness in dermatology by objectively
evaluating various skin lesions.

2 Materials and Methods
2.1 MFCIM

Figure 1 shows pictures of the MFCIM. Four UV-A lamps
(320-380 nm, 6 W each, F6T5, Sankyo Denki, Japan) and a
ring-shaped white light (400—700 nm, 30 W, FCL32S EX-D/
30, WOOREE, Korea) were employed as light sources. The
UV-A lamps have an identical optical spectrum to that re-
ported in our previous study.' The total power of the lamps
was measured with a UV meter (Solarmeter® Model 5.0, So-
lartech Inc., USA). The spectrum of the white light source
was measured with a spectrometer (USB4000, Ocean Optics

Inc., Florida, USA) equipped with an integrating sphere (ISP-
REF, Ocean Optics Inc., Florida, USA). A linear polarizer was
placed in front of the white light source to produce linearly
polarized light. A laboratory-built, four-position filter wheel
was integrated into the instrument. Three linear polarizers
were integrated into the filter wheel at angles of 90 deg for
CPCIs, 0 deg for PPCIs, and 45 deg for CDCIs over the po-
larization direction of the white light source. One filter posi-
tion was utilized for the FCIs. A digital color camera (Coolpix
8400, Nikon, Tokyo, Japan) was placed in the center of the
light sources and operated in manual mode. To ensure repro-
ducible image acquisition, a custom-built head positioning
device was integrated into the imaging box.

2.1.1 Light distribution and reproducibility

Uniform light distribution on facial skin is important for ac-
curate comparison of skin lesions.® Fluorescent patches
(2X2 cm?) were placed on a subject’s face and sequentially
numbered in the T-zone (forehead and nose) and U-zone (both
cheeks and chin) as shown in Fig. 2. Fluorescent patch images
for the UV-A lamp and white light source were acquired using
different camera parameters to avoid saturation of the patches:
ISO 100, aperture size F/2.9, and shutter speed 1/15s
(1/125 s) for white light source (UV-A lamp). Three replicate
images were acquired from the subject. Light distribution was
determined by evaluating coefficient of variation (CV) of the
fluorescent patches in the T-zone (patch numbers 1-8) and
U-zone (patch numbers 9-21).*'” In addition, reproducibility
of the instrument was evaluated to investigate the stability of
the light sources and head positioning device.

CV(%) = [o/u] X 100, (1)

where u and o indicate the mean and standard deviation of
selected patches, respectively. Lower CV values indicate bet-
ter uniformity of light distribution.

Fig. 2 (a) White light and (b) fluorescent images of a human facial model that were used to investigate the uniformity of light distribution and the
reproducibility of the imaging modality. Fluorescent patches were placed in the T-zone (dotted line) and the U-zone (solid line) of a human face.
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Table 1 Dermatological applications of multimodal color images.

Imaging mode Dermatologic applications

PPCI Altered keratinization, hydration,
wrinkle, photoaging, surface
resurfacing of the skin, and wound-heal
assessment.

CPCI Port wine stain, rosacea, necrobioisis
lipoidica diabeticorum,
erythema, ichthyosis, psoriasis,
dermatomyositis with
calcinosis cutis, granuloma annulare
lesions, melanoma, basal
cell carcinoma, squamous cell
carcinoma, and actinic
keratosis.

FCI Acne, solar lentigo, sun damage,
keratosis, bacterial invasion,
tinea capitas, hyper-pigmentation, and
hypopigmentation.

PI Pigmented skin lesions (freckles, tattoo,
pigmented nevi),
unpigmented skin lesions
[nonpigmented intradermal nevus,
neurofibroma, actinic keratosis,
malignant basal cell
carcinoma, squamous cell carcinoma,
vascular abnormality
(venous lake), burn scar].

2.1.2  Acquisition of sample images

Sample images of a 71-year-old Asian female were acquired
in four different imaging modes. The white light source was
utilized to obtain CCIs, CPClIs, and PPClIs; the UV-A lamp
was used to obtain FCIs. Optimal camera parameters were as
follows: ISO 100, aperture size F/2.9, and shutter speed 1/8 s
(1's) for the white light source (UV-A lamp). In addition,
various facial skin lesion (wrinkle, hyper-, and hypopigmen-
tation) images were acquired by the appropriate imaging
mode as listed in Table 1 and utilized for objective analysis.

2.2 Examples of Image Analysis

Before image analysis, a shade-correction algorithm was ap-
plied to each color (red, green, and blue) channel image to
minimize nonhomogeneity of illumination and CCD sensors
as follows:

c[m,n] - black[m,n]
white[m,n] - black[m,n]’

Alm,n]= 2)
where A[m,n] is a shade-corrected color channel image;
c[m,n] is each color channel image; white[m,n] and
black[m,n] are reference images that represent bright and
dark fields, respectively. A diffuse reflectance white target
plate (Model No. R58-610, Edmund Optics, USA) was used
to obtain the reference images. In this study, all images were
acquired at optimal view angles,8 which provides relatively
flat facial sites in order to minimize the artifacts caused by
facial curvature in normalized values.
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2.2.1 PPClIs

PPCIs  effectively  provide surface skin  texture
information.”'* As an example, we analyzed skin wrinkles,
particularly “crow’s feet” adjacent to the orbit. Skin textural
features were enhanced by applying a spatial low-frequency
pass filter to the blue channel image of PPCI [see Eq. (3)].*
The size of the filter depends on the size of the morphological
features to be extracted. The radius of the disk filter was
10 pixels. The final image maintains only high-frequency
spatial information by removing global contouring caused by
facial geometry,

I(x,y)le(x’y)—B(x,}’), (3)

where I(x,y) is a morphologically enhanced image; Ig(x,y)
and B(x,y) are the original image and the blurred image pro-
cessed with the spatial low-frequency pass filter, respectively.
For quantitative analysis of wrinkles, the “shape factor” (SF)
algorithm based on an object’s perimeter and area was applied
to I(x,y).

2.2.2 CPCIs

The CPCIs were objectively analyzed by computing the
erythema index (EI) and melanin index (MI) images, which
were computed using the red and green channel images of the
CPCIs.” The EI and MI images can be utilized to objectively
evaluate vascular and pigmented skin lesions, respectively.
Higher index values indicate the skin lesions containing
greater concentrations of blood and melanin,

EI = 100[log,o(1/G) — 1.44 log,o(1/R)], (4)

MI = 100 log;o(1/R), (5)

where R and G indicate normalized red and green channel
images, respectively. In the normalization process, red and
green channel images were divided by average red and green
values of the reflectance image, respectively.

2.2.3 Polarization images

Polarization images (PIs)**® were derived from PPCIs
(Pparatier) and CPCIs (Pyos,) as follows:

PI= (Pparallel - Pcross)/(Pparallel + Pcross) = Rs/(Rs + Rd) >
(6)

where R and R, represent the superficially reflected light and
the diffused light, respectively. The shorter wavelength of the
white light source tends to represent very well the character-
istics of superficial chromophores. Therefore, blue channel
images of PPCIs and CPCIs were used to compute the PI. To
minimize the computation error caused by motion artifact be-
tween Ppariiel and Progs, we computed the normalized cross-
correlation matrix and its peak value, which provides the best
correlation between the Ppypaier and Perogs images.”’

2.2.4 FCls

In a previous study, we presented fluorescent image analysis
methods for quantitative evaluation of sebum-related param-
eters (pattern, area and density, average size and diameter of
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spots, condition of sebaceous follicles based on fluorescent
color analysis of sebum).'® In addition to the sebum analysis,
other skin lesions can be objectively analyzed using fluores-
cent imaging. As an example, vitiligo (which is a hypo-
pigmented skin lesion) was analyzed. According to Schallreu-
ter et al,®® 6- and 7-biopterins represent the principal
endogenous fluorophores in vitiligo, whereas other depig-
mented skin lesions do not have a characteristic fluorescence.
Therefore, green and red channel images of FCI were used to
extract out information on the biopterins, which have 350 nm
excitation and 450 nm emission wavelengths while at the
same time minimizing the porphyrins contribution, which has
400-450 nm excitation and 630 and 690 nm emission
wavelengths.zg’30 In order to objectively evaluate the degree of
vitiligo, a vitiligo index (VI) image was computed as follows:

VI=G -R, (7)

where G and R represent the normalized green and red chan-
nel images of the FCI, respectively. The VI image minimizes
the overlapped spectral response between green and red chan-
nel images containing the biopterin and porphyrin signals,
respectively.

2.3 Clinical Utility

As single-mode imaging modalities, the clinical usefulness of
CPCIs and FClIs has previously been well described in our
previous studies.”'® ™ Details of the PI have been well dem-
onstrated by Jacques et al. 2%

In this study, the treatment efficacy of vitiligo and the sta-
tistical correlation between total length of wrinkles and chro-
nological age were evaluated to demonstrate the validity of
MEFCIM and image analysis methods. Fifteen Asian females
of age 20—80 years were recruited, and their PPCIs obtained
for wrinkle analysis. FCIs of a 23-year-old Asian male on
medication [methylon 2 mg, Vit-C 500 mg, and stillen 60 mg
were administered/protopic ointment (0.03%)] to treat vitiligo
for two months were obtained before and after therapy in
order to evaluate treatment efficacy using the VI image. All
subjects were requested to clean their face, and the use of any
topical cosmetics on the face was prohibited before the im-
ages were obtained.

3 Results
3.1 Characterization of Imaging Modality
3.1.1  Light sources

Total power of UV-A lamps on facial skin was 1.2 mW/cm?,
which is typical radiation.'"’ Figure 3 shows the measured
spectrum of the UV-A and white light source, which broadly
spreads out enough to cover the optical characteristics of vari-
ous chromophores in the spectral range.

3.1.2  Reproducibility and light distribution

Figures 2(a) and 2(b) show fluorescent patch images due to
the white light source and UV-A lamps, respectively. The uni-
formity of light distribution and reproducibility of MFCIM
are summarized in Table 2. The statistics (u * o) of reproduc-
ibility evaluation in the T-zone (U-zone) were 226.41 =2.41
(201.18 = 1.65) for the white light source and 210.63 + 6.65
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Fig. 3 Optical spectrum for the (a) UV-A and (b) white light source.

(200.32 + 4.33) for the UV-A lamps, respectively. In terms of
light distribution evaluation, mean CVs in the T-zone (U-
zone) were 5.26% (7.63%) for the white light source and
4.70% (5.89%) for the UV-A lamps, respectively. The CV in
the U-zone as compared to the T-zone was higher for both
light sources.

3.2 Sample Images

Figure 4 shows sample images acquired using the four imag-
ing modes of MFCIM. CDCI represents both surface and sub-
surface morphological and chromophore information of skin
lesions [see Fig. 4(a)]. Therefore, it affords an opportunity for
clinicians to qualitatively evaluate skin lesions and to com-
pare to objective functional images computed with image
analysis methods. PPIC effectively emphasizes textural infor-
mation from the skin surface [see Fig. 4(b)]. CPCI reveals
relatively well subsurface vascular and pigmentation informa-
tion of skin lesions [see Fig. 4(c)]. Because the analysis of the
CPCI is fundamentally a color-dependent procedure, the spec-
trum of the white light source as shown in Fig. 3 should be
broad enough to reflect all chromophores that might be
present in the skin. An FCI simultaneously shows both autof-
luorescent and reflection signals of chromophores on skin le-
sions [see Fig. 4(d)]. Therefore, an optical UV cutoff filter can
be used to selectively obtain an autofluorescent signal.

3.3 Examples of Image Analysis

Laboratory written Matlab (version 7.0, The MathWorks,
Natick, MA) programs were used for the following image
analysis.

November/December 2008 + Vol. 13(6)
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Table 2 The uniformity and reproducibility of the light distribution on facial skin. Related parameters are
mean (u), standard deviation (o), and coefficient of variance [CV(%)=(o/u) X 100].

White light source

Patch No. T-zone U-zone
(Patch No. 9—21)

(1—21) (Patch No. 1-8)

UV-A source

T-zone U-zone

(Patch No. 1—8) (Patch No. 9—21)

" 226.41+2.41 201.18+1.65
o 11.92 15.36
CV (%) 5.26 7.63

210.63+6.65 200.32+4.33
9.93 11.81
4.70 5.89

3.3.1 Parallel polarization color image

Figure 5(a) shows a PPCI and its corresponding wrinkle map-
ping image (left) of a 67-year-old Asian female. Upper and
lower right images show a region of interest and the spatially
filtered image, respectively. The quantitative image analysis
was based on the study by Gartstein and Shalyal.24 Total
lengths of the wrinkle were determined to be 98.08 mm.

(b)

© (d)

Fig. 4 Sample images of a subject: (a) conventional color image, (b)
PPCI, (c) CPClI, and (d) FCI.
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3.3.2 Cross-polarization color image

Figure 5(b) shows a CPCI (left) and its corresponding MI
(upper-right) and EI (lower-right) images of a 38-year-old
Asian female. Using a shade-corrected image and Egs. (4) and
(5), the CPCI was objectively evaluated by mapping pseudo
colors with the pixel values of the MI and EI images. The
color bar denotes relative value of skin erythema and melanin
content. Higher index values indicate higher erythema and
melanin content.

3.3.3 Polarization image

Figure 5(c) shows a CPCI (left) of a 59-year-old Asian female
with hypopigmentation and some solar lentigines on the fore-
head. For the evaluation, a region of interest (upper right) was
extracted and utilized to compute the PI (lower right). The PI
is sensitive to backscattered light from superficial chro-
mophores in the skin.”?® As a result, the vitiligo lesion shows
low index values in the PI due to the lack of scatterers, such
as melanocytes, at the epidermal basal layer.

3.34 FrcCl

Figure 5(d) shows an FCI (left) of a 46-year-old Asian female
with facial vitiligo. A vitiligo lesion (upper right) was ex-
tracted out and utilized to compute its VI (lower right) using
Eq. (7). Because the porphyrin emission signal usually has a
higher value than 6- and 7-biopterins, VI values of <0 were
replaced as 0.0001. Higher index values indicate higher biop-
terin content, which represents more severe vitiligo.

3.4 Clinical Utility

The total lengths of wrinkles were derived from PPCIs and
evaluated as a function of chronological age. A good linear
correlation (R=0.88, p<<0.0001) was obtained (see Fig. 6).
Figure 7 shows the FCIs before and after treatment of facial
periocular vitiligo. The processed VI images clearly demon-
strate the change in distribution and concentration of 6- and
7-biopterins in response to therapy.

4 Discussion

Unlike our previous study,19 the light distribution in the
U-zone as compared to the T-zone resulted in a slightly higher
value of CV for both light sources (see Table 2) due to the

November/December 2008 + Vol. 13(6)
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©

(d)

Fig. 5 Objective analysis of multimodal color images: (a) skin wrinkle image computed from PPCls, (b) EI and MI images computed from CPCls,
(c) polarization image computed from CPCls and PPCls, and (d) VI image computed from FCls.

different number of patches used in the analysis. The CVs for
UV-A lamps were similar to those reported in our previous
fluorescent imaging modality even though an in situ human
face with a more irregular curvature pattern was used instead
of a mannequin model. Such high reproducibility might be
attributed to a well-designed head-positioning device, which
can be adjusted in both the vertical and horizontal directions.®

As shown in Fig. 4, sample images of a subject were ac-
quired at four imaging modes and provided good subjective

14

-
(&

[y
[—3

o]

-

(5]

Total Wrinkle Length
[+

100 20 30 40 50 60 70 80 90
Chronological Age

Fig. 6 Linear correlation study between chronological age and total
wrinkle length.
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information on facial skin lesions. Each image emphasizes
different morphological and functional skin information as de-
scribed. During clinical evaluation, four images can be simul-
taneously utilized to provide a more reliable and efficient di-
agnosis of skin lesions, minimizing evaluation error. In future
studies, other skin lesions need to be investigated to expand
the clinical utility of MFCIM.

Alternatively, a multispectral imaging modality (MSIM)
which simultaneously provides 2-D morphological and spec-
tral information can be utilized to provide high sensitivity and
specificity in the evaluation of skin lesions. However, it might
not be an appropriate method for clinical application because
it takes images as a function of wavelength, normally at
10-nm spectral resolution, which requires relatively longer
image acquisition time and therefore causes a motion artifact
during image acquisition that results in potential errors in im-
age processing. When compared to the MSIM, the MFCIM
completely removes the motion artifact, provides faster image
acquisition, and can be built at a relatively low cost. However,
when the MFCIM can be combined with band-pass filters or a
wavelength-selective light source, it can partly utilize the ad-
vantages of the MSIM even though it does not still provide
high-resolution spectral information.

According to previous studies, intrinsic aging can be re-
vealed by wrinkles such as “crow’s feet,” which can be con-
sidered as one of the most striking clinical examples of
photoaging.®’ Although silicone replica is the gold standard to
study wrinkle morphology by electromicroscopic examina-
tion, the method is very cumbersome and time consuming.32
In order to provide relatively faster analysis, we evaluated

November/December 2008 + Vol. 13(6)
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(a) (b)

Fig. 7 FCI (upper image) and VI image (lower image) of a subject with
facial periocular vitiligo (a) before and (b) after treatment.

wrinkles with PPCIs and extracted quantitative information of
total lengths, which were used to evaluate the chronological
age of our subjects [see Fig. 5(a)]. Unlike the study done by
Garstein and Shaya,24 which used CDCls in the analysis, ob-
jects classified as spots (SF<<4.5) were considered as noise
signals because PPCIs mainly only provide information on
skin texture. As shown in Fig. 6, total wrinkle length and
chronological age resulted in a good linear correlation (R
=0.88), which is comparable to the study of Garstein and
Shaya,24 although a smaller number of samples was evaluated.
It should be noted that the PPCI method has to be concomi-
tantly used due to its lower accuracy as compared to the sili-
con replica method.

The CPCI method has been widely used clinically.
Jung et al.”'® demonstrated the usefulness of the EI image
derived from CPClIs in the evaluation of port wine stains. The
CPCI method was used to compute MI and EI images, which
were useful to evaluate melanin and hemoglobin content in
skin lesions, respectively [see Fig. 5(b)].

PI can enhance the image contrast of pigmented and non-
pigmented skin lesions.”® We demonstrated the clinical utility
of PI by analyzing vitiligo and freckles on the forehead [see
Fig. 5(c)]. The melanin in freckles [solid black circle line in
Fig. 5(c)], which contributed to both the PPCIs and CPClIs,
was canceled out by taking the ratio in PI. When compared to
previous studies,zs’26 similar results were observed from PI
evaluation. Vitiligo, which was widely spread out from the
upper-left to the bottom-right corners, resulted in low PI index
values. The characteristic of PI can be explained in terms of
superficially reflected light,26 and the vitiligo lesion contains a
relatively small number of scatterers, such as melanocytes.
Therefore, the amount of light backscattered from a vitiligo
lesion is relatively low as compared to normal skin, resulting
in low PI index values.

21,23,33,34
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In computing PI, the maximum cross-correlation value be-
tween PPCIs and CPCIs was 0.83, which is relatively high
when considering that the value was derived from two differ-
ent images. Such a good cross-correlation value might be due
to a well-designed head-positioning device integrated into the
MFCIM. We demonstrated the usefulness of a normalized
cross-correlation algorithm by partially altering two images;
that is, after taking a PPCI, a single hair was moved before
taking the CPCI [solid black square line in Fig. 5(c)]. The
result shows a reliable PI because the algorithm finds the x
and y offsets and assembles two images only based on the
maximum value of cross-correlation.

According to the Vitiligo European Task Force,” any
quantitative evaluation of vitiligo has not been introduced
thus far, although it is one of the most common cutaneous
disorders (0.5-1% of population). Recently, Nugroho et al.¥
proposed an image analysis method that measured the area of
vitiligo lesions based on image segmentation, in order to
evaluate the repigmentation progression. However, vitiligo
cannot be quantified only by considering its area because the
cycling of 6-BH, can be impaired in vitiligo lesions, leading
to time-dependent accumulation of 7-BH,. Therefore, the
concentrations of 6- and 7-biopterins are increased as a result
of the photooxidation process. As a result, the vitiligo area
during treatment might be consistent while the concentrations
of biopterins are decreased.”* We expect that vitiligo can be
evaluated with FCIs and might be quantified with a 2-D pro-
file of the biopterin distribution [see Fig. 5(d)]. To investigate
the validity of the proposed method, we are designing a com-
parison experiment between biopsy evaluation and image
analysis for various types of vitiligo.

Overall, VI values after treatment were decreased in the
vitiligo lesion while no noticeable change was qualitatively
observed in the vitiligo area (see Fig. 7). The images before
and after treatment show that the porphyrins emission signal
was effectively eliminated using the VI. The porphyrin emis-
sion signals are observed in the red channel image, which is
partially overlapped with the green channel image due to the
broadband spectral characteristics of the CCD camera. There-
fore, the subtraction of the red channel image from the green
channel image with the emission signal of biopterins can
minimize the emission signals of porphyrins.

Alternatively, it has been also reported that there is a cor-
relation between the level of antimelanocyte antibodies,
which can destroy human melanocytes and the extent of
vitiligo.”’ Therefore, it is possible to insist that the fluorescent
signal originates from collagen in the dermis and is quenched
by the regenerated melanin in the epidermis after therapy.
However, we could not observe any difference in the PI and
MI images before and after treatment on identical skin le-
sions. This means that the fluorescent signal in the VI image
originated from the biopterins in the epidermis because the
MI image provides information on melanin concentration,
which is related to the epidermal melanin absorption coeffi-
cient, and PI provides information on scatterers such as mel-
anocyte in superficial skin layers. Therefore, we assume that
the VI image might be utilized to differentiate the vitiligo due
to the deregulation of melanin biosynthesis from the other
skin dyspigmentation due to the destruction of melanocytes in
the epidermis.
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5 Conclusion s
MECIM was able to provide reproducible and reliable color ’
images in four different imaging modes for the evaluation of

facial skin lesions. In addition, various image analysis meth-

ods were applied to obtain objective functional information on 6.

skin lesions. The results show comparable or even advanced

capability of the MFCIM as compared to single imaging mo- 17.

dalities. In conclusion, we are confident that the MFCIM can

be utilized as a complementary tool for the evaluation of skin

lesions. 18,
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