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Abstract
Background The occlusive patch test developed for assessing topical retinoids activity in human skin has been

extended as a short-term screening protocol for anti-ageing agents. In this model, biopsies are performed at the end of

the occlusion period for morphological and immuno-histochemistry analysis. Multiphoton microscopy is a recent non-

invasive imaging technique that combined with image processing tools allows the in vivo quantification of human skin

modifications.

Objective To validate with gold standards of anti-ageing that are retinoids, the relevance of multiphoton microscopy

for kinetic and quantitative assessment in this model.

Methods Twenty women, aged 50–65 years, were enrolled. Retinol 0.3% (RO) and Retinoic acid 0.025% (RA) were

applied to the dorsal photo-damaged side of their forearm under occlusive patches for 12 days. A patch alone was

applied to a third area as control. Evaluation was performed at day D0, D12 (end of treatment), D18 and D32 using mul-

tiphoton microscopy. Epidermal thickness, normalized area of the dermal-epidermal junction (DEJ) and melanin density

were estimated using 3D image processing tools.

Results Main significant results are:

1 Epidermal thickening at D12, D18 and D32 with RO and at

D12, D18 with RA vs. baseline and vs. control.

2 Increased DEJ undulation at D32 with RO and at D12 with

RA vs. baseline and vs. control.

3 Decreased melanin content with RO (at D12 and D18 vs.

baseline and at D32 vs. baseline and vs. control) and with RA

(at D12 vs. baseline).

Conclusions This study shows that multiphoton microscopy associated to specific 3D image processing

tools allows cutaneous effects induced by topical retinoids in this in vivo model to be non-invasively detected,

quantified and followed over time. This innovative approach could be applied to the evaluation of other active

compounds.
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Introduction
Topical retinoids are widely used in dermatology for their man-

agement of acne and ageing, and their effects on human skin

have been extensively studied. In 1993, Griffiths et al. developed

an occlusive patch test for assessing topical retinoid action in

vivo in human skin,1 showing that application of topical all-trans

retinoic acid (RA) under occlusion for 4 days caused epidermal

and granular layer thickening, stratum corneum (SC) compac-

tion and increased glycosaminoglycan deposition. In 1995, Kang

et al. showed that in this model, retinol (RO) also induced epi-

dermal thickening and enhanced the expression of CRABP II

and CRBP mRNAs and proteins, similar to RA.2 This occlusive

patch test has then been extended as a short-term screening pro-

tocol for photo-ageing repair agents, using fibrillin-1 as a repor-

ter molecule.3,4 In this model, biopsies are required at the end of

the occlusion period for assessing morphological or immuno-

histochemical changes.

Multiphoton microscopy is a recent non-invasive skin

imaging technique that allows the human skin 3D structure

to be characterized in vivo with sub-lm resolution.5 This

technique advantageously provides complementary modalities,

such as two-photon excited fluorescence (2PEF) and second

harmonic generation (SHG). In combination with endoge-

nous contrast sources, these modalities allow tissues to be

imaged under natural, non-invasive, physiological conditions.

In the skin, 2PEF signals are emitted by endogenous chromo-

phores such as NAD(P)H, flavins, keratin, melanin or elastin,

whereas SHG signals, obtained from dense, non-centrosym-

metrical and ordered macromolecular structures, reveal the

fibrillar collagen.5–9 In vivo multiphoton microscopy has

already been applied to the study of skin ageing,10,11 derma-

tological disorders and melanoma,12,13 i.e. seeming a versatile

tool to both cosmetic and pharmaceutical researchers.14

We recently developed 3D image processing tools for mul-

tiphoton images of human skin15–18 that allow us to auto-

matically segment the different skin layers and extract several

quantitative parameters characterizing skin in terms of mor-

phology, density and organization. For example, the different

skin layers thickness can be quantified, as well as the mela-

nin density or the shape of the dermal-epidermal junction

(DEJ).

Compared to other non-invasive skin imaging techniques

such as ultrasound (lack of resolution), optical coherence

tomography (OCT) or confocal microscopy (lack of specific-

ity for melanin detection), multiphoton microscopy offers the

best compromise to characterize both melanin15 and epider-

mis morphology.18 Melanin visualization in confocal micros-

copy is based on its higher reflectivity, but cellular

membranes and corneocytes can exhibit similar reflection sig-

nals. Concerning skin morphology (epidermal thickness, DEJ

shape), OCT has a wider field of view, but presents low con-

trast between epidermis and dermis leading to a difficult DEJ

detection. Conversely, in multiphoton microscopy, collagen

fibres create specific SHG signals that allow locating very pre-

cisely the DEJ.

The aim of this study was to assess whether in vivo multipho-

ton microscopy could be used to evaluate the activity of anti-

photo-ageing agents in the short-term screening protocol, thus

overcoming the necessity of invasive biopsies.

Materials and methods

Subjects and treatment
This study involved 20 healthy female volunteers aged 50–

65 years with a dorsal forearm skin colour determined by the

Individual Typological Angle (ITA) value comprised between

10° and 41° (ITA group III/IV).19,20 Two products, Retinol 0.3%

(RO, Retinol 0.3�, SkinCeuticals, Inc., Garland, TX, United

States) and all-trans Retinoic acid 0.025% (RA, Retacnyl�, Gal-

derma S.A., Lausanne, Switzerland) were applied separately

under standard patch test chambers (IQ Ultra�, Chemotech-

nique Diagnostics, Malm€o, Sweden) onto the dorsal photo-

damaged side of the volunteer’s forearm for 12 days, as

previously described.3 A third area was left untreated but was

occluded as control. These three 1 cm2 areas were identified by

tracing on transparent plastic sheets (Monaderm, Monaco,

Monaco) natural anatomic marks (external and internal forearm

edges, ulna head, elbow fold) and also nevus on volunteers in a

standardized position. This allows the same central region of the

respective three areas to be re-analysed. Evaluations were per-

formed at day D0, D12 (end of occlusion period), D18 and D32

using multiphoton imaging and colorimetric measurements.

Possible cutaneous irritation was followed up by a dermatologist

at each visit. The study was double blinded, i.e. both investigator

and volunteers ignored the product nature (or control) on each

of the three skin areas. Standard photographs for illustration

purposes were taken at different times of the study, using a digi-

tal camera (Nikon D80, Nikon Corporation, Tokyo, Japan).

Saint Louis Hospital Ethics Committee approved the study and

all volunteers gave written, informed consent (EC reference

2012/05).

Multiphoton imaging and 3D Image processing
Multiphoton imaging was performed with DermaInspectTM

(JenLab GmbH, Jena, Germany), as previously described.16 A

multiphoton 3D (x, y, z) image of 130 9 130 9 162 lm3

volume corresponds to a stack of 70 en face images of

511 9 511 pixels (0.255 lm/pixel) acquired with 2.346 lm
z-step. For each volunteer, two 3D images were acquired per

condition in two adjacent regions of the dorsal forearm side.

Each 3D image starts and ends respectively at �10 lm above

and 150 lm below the skin surface.
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The 3D images were analysed using automatic 3D image

processing tools we recently developed.16,18 All the 3D voxels

are used and computed to automatically separate the different

skin layers, characterize the 3D DEJ shape and extract quanti-

tative parameters on the different skin constituents and layers.

Briefly, the first step of this image processing consists in a 3D

automatic segmentation of the different imaged compartments

(coupling medium, epidermis and superficial dermis) taking

into account the real shape of skin surface and DEJ. In

addition, for this study, a 3D epidermis segmentation was

performed into two sub-layers: stratum corneum and living

epidermis (LED).

The second step consists in extracting quantitative parameters

in the segmented epidermal layers. The following parameters

were studied: SC, LED and total epidermis thickness, normalized

DEJ area and melanin density. The thickness parameter was

measured along the z axis at each (x, y) position and the mean

value of each layer (in lm) was computed. The normalized area

of DEJ is a generalization in 3D of the index of interdigitation

described in two dimensions by Timar et al. on histological sec-

tions of human skin.21 Since this parameter is a ratio between

two areas (real DEJ area and area of its projection on a horizon-

tal plane), it has no unit. The DEJ value is ≥1: totally flat DEJ

leads to a normalized area equal to 1 and more undulated one to

a higher value. Melanin quantification was performed using a

specific melanin detection procedure associating multiphoton

microscopy and fluorescence lifetime imaging.15 Melanin density

corresponds to the ratio of the number of voxels (‘3D pixels’)

occupied by melanin and the total number of voxels in the vol-

ume occupied by the living epidermis.

Colorimetric measurements Skin colour was determined by

the Individual Typology Angle (ITA) values using a microflash

spectrocolorimeter (Datacolor, Montreuil, France)19,20 that was

calibrated before each measurement. Measurements were per-

formed under a particular care to ensure that the colorimeter

was held perpendicular to the assessed area, and that minimal

pressure was applied to avoid skin blanching.

Statistical methods
A descriptive analysis was performed for each parameter by time

and treatment using boxplots to represent the data evolution

and variability. An inferential analysis was also performed using

a linear mixed model for quantitative longitudinal data with

repeated time, and with treatment, time, interaction treat-

ment*time as fixed effects and subject as random effect. Within

and between treatment groups, comparisons were performed

using contrasts. P-values were adjusted using the Benjamini–

Hochberg correction for multiple comparison tests. All hypothe-

sis tests comparing the treatments were performed using

two-sided tests with alpha = 0.05 significance level. Analyses

were performed using IBM� SPSS�Statistics20 (IBM, Armonk,

NY, United States) and SAS/STAT� (SAS, Cary, NC, United

States).

Each comparison test with adjusted p-value was completed

with effect size (ES) which represent the difference of means

between groups compared to the variability of the phenomenon

and gives an idea of the strength of the modifications observed

between groups.

Interpreting ES as a small or strong effect requires a prior

knowledge of the effect sizes of contrasts clearly relevant in the

context. Accordingly, the ES’s of morphologic parameters corre-

sponding to well-documented modifications of skin ageing,

including the parameters analysed in this study, were calcu-

lated, in another study dealing with photo-ageing18. In this

previous study, comparing two age groups (18–25 years and 70–

75 years), the data were acquired on the same anatomic zone

(forearm), with the same image acquisition and processing

methodology. ES of the contrasts between younger and older

subjects of epidermal thickness, normalized DEJ area, elastic

fibre density (related to elastosis), were 0.91, 1.17 and 1.37

respectively. In this process, elastosis was considered “very

strong” as photo-ageing superimposed to chronological ageing,

and DEJ flattening and epidermis thickening as “strong”.

Concerning melanin quantification, ES of the melanin density

contrast between the dorsal and volar forearm side in the same

population was 0.87 and was also considered as strong. There-

fore, the criteria to classify the strength of the ES in the present

study were: very strong: ES > 1.3; strong: 0.8 < ES < 1.3; mod-

erate: 0.5 < ES < 0.8; small: 0.3 < ES < 0.5; very small:

0 < ES < 0.3; no effect: ES = 0.

Results
In this kinetic study, treated areas were investigated at D0

(before treatment), D12 (end of occlusion), D18 and D32. Illus-

trative in vivo multiphoton images of normal skin before treat-

ment are presented in Fig. 1. In the following text, the results are

given as mean � SE.

Quantification results obtained after 3D image processing
of multiphoton images

Retinoids effects on epidermis thickness [see Fig. 2(a)] Before

treatment, the mean SC thickness was 20 � 1.5 lm (data not

shown), not significantly different between the three areas.

Occlusion or treatments had no significant effect on this param-

eter at all observation times. Therefore, modifications of total

epidermis and living epidermis thickness were similar and only

results on LED are shown. Before treatment, the 50 � 2.3 lm
mean thickness of LED showed no significant difference between

the three areas, and remained unchanged under occlusion alone.

On RO-treated areas, a statistically significant increase in mean

LED thickness was shown at D12, D18 and D32 as compared

to D0 and control, reaching 70 � 4 lm, 74 � 5 lm and
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64 � 3 lm respectively. It is important to notice that for 9/20

(D12) and 6/20 (D18) volunteers, the total epidermal thickness

exceeded the maximum measurable thickness of 150 lm in our

imaging conditions (20 lm-SC, 130 lm-LED, 10 lm being

acquired above the skin surface). For this reason, the mean LED

thickness, calculated on 11 (D12) and 14 (D18) volunteers, was

underestimated. On RA-treated areas, the increase in mean LED

thickness was only statistically significant at D12 and D18 as com-

pared to D0 and control, reaching 61 � 3 lm and 58 � 2 lm
respectively. At D32, mean LED thickness was significantly higher

on RO- as compared to RA-treated areas (p = 0.005).

Retinoids effects on dermal-epidermal junction [see Fig. 2(b)]
Before treatment, the mean normalized area of the DEJ was

2.2 � 0.1 with no statistically significant difference between the

three areas, occlusion alone bringing no significant effect on this

parameter. On RO-treated areas, its mean value reached

2.7 � 0.1 at D32, a statistically significant increase as compared

to D0 and control. On RA-treated areas, the mean value reached

2.6 � 0.1 at D12, a statistically significant increase as compared

to D0 and control. The comparison between RO and RA-treated

areas at D32 showed that the DEJ was significantly more undu-

lated on RO-treated areas as compared to RA-treated areas

(p = 0.009).

Figure 3 shows representative in vivo multiphoton images and

3D volume renderings of the segmented epidermal and dermal

compartments at D32 for control (a), RO- (b) and RA-treated

areas (c). Increase in DEJ undulation and epidermal thickness

with retinoids treatment are clearly visible.

Retinoids effects on melanin density (see Fig. 4) Before treat-

ment, mean melanin density in living epidermis was 25 � 3%,

not significantly different between the three areas. Occlusion

alone had no statistically significant effect on this parameter,

Figure 1 In vivomultiphoton images of normal human skin before treatment. 3D image represented as a montage of a z-stack of
combined 2PEF (cyan colour) / SHG (red colour) images (image number indicated at the top of each image). Images 1–3 correspond to
stratum corneum disjunctum and images 4–8 to stratum corneum compactum. The keratinocytes in the stratum granulosum appear in
image 9 and melanin distribution in the basal layers of the epidermis can be seen in images 18–27, with high melanin 2PEF intensity signal
highlighted in white. Image 22 was acquired at the top of a dermal papilla level as indicated by the onset of collagen fibres of the dermis
(red colour).
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(a) (b)

Figure 2 Quantification results of retinoids effects on epidermal thickness and dermal-epidermal junction obtained with mul-
tiphoton microscopy. Change over time of (a) living epidermis thickness expressed in lm; (b) normalized area of dermal-epidermal junc-
tion, no unit, a value equal to 1, correspond to a flat DEJ; the more the DEJ is undulated, the larger the parameter value. The data are
expressed as boxplots with fences. The boxes contain 50% of the data; the intervals between the lower limit of the box and the lower
inner fence contain 25%, and vice versa for the other 25%.— indicates the median that divides the population in two groups with equal
numbers of data points; ° the outliers and * the extreme data points.

(a)

(b)

(c)

Figure 3 In vivomultiphoton images of
human skin at D32. 3D image represented
as a montage of a z-stack of combined
2PEF (cyan colour) / SHG (red colour)
images acquired at day D32 on Control (a),
Retinol (RO) (b) and Retinoic acid (RA) (c)-
treated areas. The epidermis is depicted as
a red bracket and the dermal-epidermal
junction as a yellow box. On the right,
corresponding 3D volume renderings of the
segmented epidermal and dermal
compartments, obtained using the 3D
automatic segmentation method, allow to
visualize epidermis thickness and DEJ
shape. The 3D volume renderings were
created using Imaris� 964, 7.7.0, Bitplane
AG, Z€urich, Switzerland.
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although a slight decrease was observed at D12 (effect of

occlusion). On RO-treated areas, mean melanin density was

14 � 3%, 16 � 3% and 16 � 2% at D12, D18 and D32, respec-

tively. Such a decrease was statistically significant as compared

to baseline at all-time points and at D32 as compared to control.

On RA-treated areas, the decrease in melanin density was only

statistically significant at D12 (14 � 2%) as compared to base-

line. At D32, a more pronounced decrease in melanin density

was observed on RO- as compared to RA-treated areas

(p = 0.017). In some subjects, visible skin whitening was

observed on both retinoid-treated areas which correlates with

the decrease in melanin density [see Fig. 4(b)]. Changes in mela-

nin density are clearly visible on melanin masks obtained after

image processing of 2PEF raw images at the basal layer in each

condition at D32 [see Fig. 4(c)].

The % of variation of each parameter between retinoid-

treated and baseline or control areas at each time point with the

detail of their p-value and ES are presented in Table 1.

Results from colorimetric measurements
Before treatment, the mean ITA value was 25 � 1° with no sta-

tistically significant difference between the three areas. On con-

trol areas, an increase in mean ITA value was observed at D12 as

compared to baseline (+12%, p < 0.001). On RO-treated areas,

a decrease in mean ITA value was shown at D18 as compared to

baseline (�11%, p = 0.0012) and at D12 and D18 as compared

to control (�5%, p = 0.021 and �15%, p < 0.001, respectively).

On RA-treated areas, an increase in mean ITA value was

observed at D12 as compared to baseline and control (+19%,

p < 0.001 in both cases) and also at D18 and D32 as compared

to control (+13%, p = 0.001 and +12%, p = 0.006, respectively).

Tolerance
Topical application of retinoids under occlusion for 12 days

produced cutaneous irritation on 19 out of 20 RO-treated areas,

and on 14 out of 20 RA-treated areas at D12 that resolved within

a few days in all cases. Erythema and scaling, ranging from mod-

erate to marked as judged by the dermatologist, were more pro-

nounced on RO- than on RA-treated areas.

Discussion
The occlusive patch test initially developed for assessing the

effects of topical retinoids on human skin,1 has been extended as

a short-term protocol for screening anti-photo-ageing agents.3,4

(a) (b)

(c)

Figure 4 Retinoids effects on melanin density. At the top left, quantification of melanin density obtained with multiphoton microscopy
in the living epidermis expressed in % for Control, Retinol (RO) and Retinoic acid (RA)-treated areas (a). The data are expressed as box-
plots with fences. The boxes contain 50% of the data; the intervals between the lower limit of the box and the lower inner fence contain
25%, and vice versa for the other 25%.— indicates the median that divides the population in two groups with equal numbers of data
points; ° the outliers and * the extreme data points. At the top right, standard photography of the dorsal side of the left forearm of a volun-
teer showing the RO, Control and RA-treated areas showing a clear whitening of the skin on RO-treated area and a more discreet whiten-
ing on the RA-treated area (b). At the bottom, melanin masks obtained after image processing of 2PEF raw images at the basal layer, on
the Control, RO and RA-treated areas (c) at D32.
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In this protocol, biopsies are performed at the end of the occlu-

sion period for immuno-histochemical analysis, making assess-

ments only possible immediately after occlusion.

Multiphoton microscopy, a recent in vivo skin imaging tech-

nique, enables a non-invasive assessment of dermatological/cos-

metic products induced skin modifications throughout a study:

before, during and after treatment.

Since this technology has emerged, only a few imaging pro-

cessing methods have been developed to extract quantitative

parameters on skin constituents. We developed the first 3D

image processing tools for multiphoton images of human

skin.16–18 In this short-term screening study, effects of retinoids

were addressed using these tools at D0, D12 (end of treatment),

D18 and D32. We showed that this method allows epidermal

modifications induced by retinoids to be detected and quantified

immediately after occlusion, but also over the post treatment

period; it also allows specific in vivo melanin detection and

quantification.15

Before treatment, our results on living epidermal thickness on

the dorsal forearm side are in agreement with published data

obtained with histology.22,23 According to previous studies,1–3,24,25

both RO and RA were shown to increase epidermal thickness

after the occlusion period. At this end point, as previously dis-

cussed,1 irritation-induced oedema could be responsible for epider-

Table 1 Main results of retinol and retinoic acid effects on epidermal parameters measured using multiphoton microscopy

QUANTITATIVE
MEASUREMENT Treatment Statistics 

D12 D18 D32 

vs. baseline  vs. control vs. baseline  vs. control vs. baseline  vs control 

  

LIVING
EPIDERMIS
THICKNESS

Retinol  0.3% 
% variation +33% +53% +41% +53% +23% +24% 

p-value <0.001 <0.001 <0.001  <0.001  0.004 0.013 

ES* Strong Very strong Very strong Very strong Strong Strong 

Retinoic acid 
0.025% 

% variation +26% +35% +19% +20% +8% +2% 

p-value <0.001 <0.001 0.010 0.004 N.S.  N.S.  

ES* Strong Strong Moderate Strong / / 

DEJ
UNDULATION

Retinol 0.3%  
% variation -2% +6% +5% +10% +17% +27% 

p-value N.S.  N.S.  N.S.  N.S.  0.013 0.005 

ES* / / / / Moderate Strong 

Retinoic acid
0.025%  

% variation +26% +20% +3% -1% +7% +5% 

p-value 0.005 0.027 N.S.  N.S.  N.S.  N.S.  

ES* Strong Moderate / / / / 

MELANIN
DENSITY

Retinol 0.3%  
% variation -50% -26% -44% -15% -45% -34% 

p-value <0.001 N.S. 0.007 0,087 <0.001 0.048 

ES* Strong / Strong Moderate Strong Moderate 

Retinoic acid
0.025%  

% variation -25% -38% +18% -4% -10% -9% 

p-value 0.012 N.S.  N.S.  N.S.  N.S.  N.S.  

ES* Moderate / / / / / 

Variations with time are presented in % vs. baseline and vs. control.
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mal thickening. Effectively, local irritation, a frequent side-effect

of topical retinoids, was noted in 19 out of 20 RO-treated areas,

and in 14 out of 20 RA-treated areas at D12, related to extensive

occlusion procedure. Whatsoever, erythema and scaling resolved

within a few days and can hardly account for the epidermal thick-

ening observed at D32.

Additionally, multiphoton microscopy evidenced an increase

in DEJ undulation with retinoid treatment, the effect of RO

being, to our knowledge, a new finding.

Retinoid induced decrease in melanin content is also observed

for the first time in such short-term protocol as revealed by

multiphoton microscopy. Colorimetric data (ITA measure-

ments) indicate slight skin lightening on control areas at D12

(occlusion effect) and on RA-treated areas at D12, D18 and D32.

A decreased ITA value, which corresponds to a darker skin, was

observed on RO-treated areas at D12 and D18, although visible

whitening was seen in some cases. At these time points, this is

probably due to the marked RO-induced irritation upon the L*
criterion that is influenced by pigmentation but also by scaling

and erythema,26 as shown in erythematous skin lesions of

psoriasis.27 We show here that multiphoton microscopy, which

allows specific melanin detection and quantification, overcomes

the known bias of colorimetric interferences induced by other

constituents than melanin e.g. haemoglobin when evaluating

cutaneous pigmentation.

For comparable concentrations, studies of the literature sug-

gest that RA is more effective and irritant than RO, although

there are no studies comparing them directly in this condition.

In this study, beneficial effects on epidermal morphology and

pigmentation on photo-damaged skin are more pronounced

with RO than with RA which is probably due to the high con-

centration of RO used (0.3%), 12 times higher compared to that

of RA (0.025%). For the same reason, local irritation was also

more frequent and more intense with RO than with RA but

resolved in both cases in a few days in all volunteers.

Multiphoton imaging on the skin is limited to the epidermis

and the superficial dermis with an imaging depth of around

150 lm in our experimental conditions which corresponds to

approximately 80 lm of dermis in a normal untreated skin.

Hence, the approach of comparing signals in the superficial der-

mis in this study, into which epidermal thickness increased dras-

tically and exceeded 150 lm at some time points, was not

possible. Moreover, although increased fibrillin1 has been shown

as reporter molecule for dermal repair in short-term protocols3,4

with retinoids, we believe that morphological changes in the der-

mis that could be addressed with this technique are not likely to

be observed in such short period of treatment. Possible effect of

retinoids in the superficial dermal structure using this technique

will be further addressed in a long-term study with open applica-

tions and using image processing tools that allow comparison of

an equivalent 3D volume of dermis between treated and control

skin.

In conclusion, this study shows that short-term protocol in

combination with non-invasive in vivo multiphoton microscopy

allows epidermal effects induced by retinoids, including melanin

content, to be accurately detected and quantified over time. We

report here the first application of innovative specific 3D quanti-

fication tools for multiphoton images to the evaluation of a

cutaneous treatment. This new approach could be generalized to

the evaluation of other molecules.
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