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ABSTRACT

The interest of in vivo skin imaging is obvious for both 
dermatology and cosmetology. It allows an in-depth view of the 
skin and consequently of the evolution of the tissues. For non-
invasive imaging techniques, the two important parameters 
are resolution and depth of penetration. In this study, we use 
Line-field Confocal Optical Coherence Tomography (LC-OCT) 
imaging. This technique provides two image modes of human 
skin in vivo with very high spatial resolution: vertical and 
horizontal section images. Thanks to the two modalities of LC-
OCT, it is possible to obtain full 3D images of the skin’s volume. 
From these images, it is possible to characterize, in vivo and 
with the same acquisition, the variation in the thickness of the 
skin layers (epidermis and papillary dermis), the length and 
the amplitude of the dermal-epidermal junction (DEJ), and 
the density and the diameter of fibers in the papillary dermis 
according to age and body area, in this case, the forearm and 
the thigh. 

The study was carried out on 42 volunteers representing 
two age groups: a young group [20–30] years old and an 
elderly group [45 – 55] years old. The aim of this study was to 
quantitatively characterize the morphological parameters of 
human skin in vivo and their variability as a function of age 
and body area. The quantitative analysis of the skin structure in 
depth shows the dependence of this structure on both factors: 
age and body area. The results show that the thickness of the 
skin layers decreases with age. The thickness of the papillary 
dermis is related to the density of the fibers it contains, the 
higher the density of the fibers in the papillary dermis, the 
thicker it is. The dermal-epidermal junction tends to flatten 
out with aging, especially for the forearm. These results could 
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provide a better understanding of the mechanical properties 
of the skin and establish new models of reconstructed skin by 
taking into account the variability of the skin according to the 
body area and the age of the person.

Keywords: LC-OCT in vivo imaging, dermal-epidermal 
junction, epidermis, papillary dermis, collagen and elastin 
fibers

INTRODUCTION 

Human skin has a stratified and very complex structure which 
induces associated mechanical, biochemical, and optical 
properties that change with age [1]. The cutaneous structure 
can provide information on the skin’s anatomy, functionality, 
and properties [1]. The study and characterization of skin 
layers can be a means of assessing the aging effect, or the 
application of a medical or cosmetic product [2,3]. Each layer 
of the skin has different components and therefore specific 
optical properties. Hence the optical properties of the skin 
allow distinguishing its various components using imaging 
techniques. These imaging techniques also give access to the 
composition of the tissue at the layer scale [4,5]. The interest 
of in vivo skin imaging is obvious for both dermatology and 
cosmetology. It allows an in-depth view of the skin, and 
consequently, it is possible to monitor the evolution of the 
tissues.  The total thickness of the skin varies from 0.5 to 5 mm, 
depending on its location on the body [1] with a very small 
distance existing between two components. The physiology 
of the skin, therefore, requires two important parameters 
in the imaging techniques used: resolution and depth of 
penetration. If the resolution is not sufficient, the information 
is inaccessible. The resolution limit of certain techniques 
is the reason why it is impossible to obtain information on 
skin components such as the dermal-epidermal junction or 
collagen and elastin fibers.

Several techniques for skin characterization by imaging 
have been developed. These techniques include magnetic 
resonance imaging (MRI) [6], ultrasound [1], optical coherence 
tomography (OCT) [7], and confocal microscopy [8]. MRI 
provides information on the chemical composition of the 
skin and provides good contrast between its different layers 
[9]. However, this technique is expensive and the penetration 
depth is high compared to the skin thickness. It therefore 
does not provide very good resolution for the first skin layers. 
Ultrasound is a non-invasive technique which uses ultrasonic 
waves that reflect inside the body on the various tissues 

present in their path [10–12]. The echoes thus generated 
make it possible, in return, to reconstruct an image in the 
vertical plane perpendicular to the outer surface of the 
skin with a depth of up to 12 mm. This technique provides 
information on the thicknesses of the different skin layers 
down to the hypodermis. However, the resolution is not 
sufficient to precisely characterize skin components such as 
the dermal-epidermal junction and the dermal fibers. OCT is 
based on the principle of interference between the beams of 
the device, which makes it possible to calculate the reflection 
distance of the beam entering the skin. This principle is similar 
to that of the B-mode ultrasound. This technique is well 
known in ophthalmology to examine the state of the retina 
layers in depth [13,14]. In particular, it allows to observe any 
abnormalities or deterioration of the eye [15]. OCT is also 
used in dermatology in the diagnosis of skin pathologies. The 
penetration of OCT is about 2 mm and its resolution varies 
from 1 to 15μm [7,16,17]. OCT allows image acquisition in two-
dimensional cross sections. It makes it possible to differentiate 
the three layers of the skin with good resolution: the stratum 
corneum, the viable epidermis and the dermis, but the depth 
of penetration remains very limited. Confocal microscopy uses 
a laser beam in the near infrared (830 nm) [8,18–21]. The laser 
penetrates the skin and is then reflected by the skin tissue. Only 
light reflected from the focal region is detected. The contrast 
in the images is based on the difference in the refractive 
indices of the tissues, which depend on their respective 
chemical and molecular structures. Variations in the refractive 
index of tissue microstructures provide images with contrast. 
Confocal images are of two types: mosaic images which allow, 
at a given depth, exploring large surfaces (up to 8 mm2) by 
juxtaposing images taken in the same focal plane; and stacks 
of images that allow the three-dimensional exploration of the 
skin down to the papillary dermis by stacking images taken 
at regular distances from the surface downwards. However, 
the imaging depth is limited to 200-300 μm. Higher laser 
power could provide deeper imaging with higher contrast but 
would be harmful to the skin and eyes. All these techniques 
use different resolutions and penetrations which do not allow 
obtaining information on the different layers of the skin and 
its components at the same time. Moreover, this information 
is only available in a given plane: either in the plane parallel 
to the outer surface of the skin, or in the plane perpendicular 
to it.

In this study we work with Line-field Confocal Optical 
Coherence Tomography (LC-OCT) imaging. This innovative 
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technique is used to obtain images of human skin in vivo 
with very high spatial resolution in the vertical and the 
horizontal planes at the same time. The aim of this study was 
to quantitatively characterize the morphological parameters 
of human skin in vivo and their variability as a function of age 
and body area. The tests were performed on 42 volunteers of 
different ages and on two body areas: the forearm and the 
thigh. Based on these tests, we propose to characterize, in vivo, 
the variation in the thickness of the skin layers, the length and 
the amplitude of the dermal-epidermal junction (DEJ), and 
the density of the papillary dermis fiber network, according to 
age and body area. Statistical analyses were performed on the 
experimental data. 

MATERIAL AND METHODS

Test zones and panel

The in vivo tests were performed on the right forearm (12 
cm above the wrist) and the left thigh (12 cm above the 
knee) (Figure 1) of 42 Caucasian French women volunteers 

divided into two groups: a young group of [20-30] years old 
(21 volunteers) and an elderly group of [45-55] years old (21 
volunteers). All the volunteers participated after giving their 
informed consent and all the procedures conformed to the 
latest revision of the Declaration of Helsinki. The volunteers 
were non-smokers, in good health and had healthy skin on 
the forearm and thigh, without scars or tattoos. To ensure the 
homogeneity of the measurements, the volunteers had a Body 
Mass Index (BMI) between 18.5 and 27 kg/m², a cellulite index 
of less than 2 for the thigh [22], and a phototype between I 
and III. The volunteers did not apply any cosmetic products 
on their bodies on the test day. After an acclimatization 
period of at least 10 minutes the tests were carried out in an 
air-conditioned room (T = 21 ± 2 °C and H = 50 ± 10%). Each 
volunteer sat in an armchair (dentist type), her legs extended, 
uncrossed, and slightly bent, and her right arm resting on an 
armrest, the palm of her hand facing upwards. The volunteer 
was asked not to move for the duration of the measurements 
to ensure their homogeneity and to prevent noise in the 
recorded data as much as possible. 

Figure 1: Acquisition of images in vivo by LC-OCT of the skin on (a) the forearm (12 cm above the 
wrist) and (a) the thigh (12 cm above the knee)

(a)  (b)  

Line-field Confocal Optical Coherence Tomography 
imaging (LC-OCT)

The skin structure was studied by LC-OCT imaging (prototype 
version, DAMAE, France), a recently developed imaging 
technique that produces images of human skin in vivo with 
very high resolution [23]. The LC-OCT technique combines two 
imaging modes which provide vertical section images (B-scan) 
of the planes orthogonal to the outer surface of the skin and 
horizontal section images (C-scan) of the planes parallel to 
the outer surface of the skin (Figure 2). C-scan imaging is 
obtained using a mirror galvanometer for side scanning with 

a piezoelectric chip to modulate the interferometric signal. 
An almost identical spatial resolution of ∼ 2 µm is measured 
for B-scans and C-scans [23]. Images are acquired in both 
modes at a rate of 10 images per second. The horizontal field 
of view of C-scans is 1.2 × 0.9 mm², and the vertical field of 
view of B-scans is 1.2 × 0.4 mm². It should be underlined that 
the probe used here for the acquisition of LC-OCT images 
performed on the right forearm and on the left thigh (Figure 
1 (a and b)) operates at a very small-scale, equivalent to the 
in vivo cell-scale of the human skin. The resolution of LC-OCT 
makes it possible to analyze the in vivo cells of human skin 
in B-scan and C-scan modes. Furthermore, the acquisition 
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rate allows real-time navigation into the soft tissues of in vivo 
skin at the cell-scale level. These two modes were combined 
and their potentials exploited to reconstruct a stack of three-

dimensional images of the volume of the soft tissues of the 
skin at the cell-scale level.

 Figure 2: Stack of three-dimensional LC-OCT images

Using the images in the vertical plane perpendicular to the 
outer surface of the skin, the thicknesses of the epidermis 
and the length and the amplitude of the dermal-epidermal 
junction are obtained by segmentation (Figure 3 (a)). The 
thickness of the papillary dermis is quantified by analyzing 
the LC-OCT intensity profile as a function of skin depth on the 
3D stacks (Figure 3 (b)). The thickness of the papillary dermis 
is therefore estimated from the width of the corresponding 

peak of the reflectance of the papillary dermis, as shown in 
Figure 3 (b). The density (the amount of fiber in the volume) 
and the diameter of fibers is determined by segmenting the 
fibers from the images in the horizontal plane parallel to the 
outer surface of the skin and creating a skeleton (Figure 3 (c)). 
The calculation of the density and the diameter of the fibers is 
carried out at 20 μm under the DEJ. 

(a)  

(b) 

(c)  

Figure 3: (a) Segmentation of skin layers and DEJ. (b) The LC-OCT intensity profile as a function of 
skin depth on the 3D stacks. (c) Segmentation of the fibers and creation of a skeleton



2022; 2(1): 02Ayadh M, et al.

5

DOI: https://doi.org/10.35702/Derm.10002

Citation: Ayadh M, et al. (2022). LC-OCT imaging for studying the variation of morphological properties of human skin in vivo 
according to age and body area: the forearm and the thigh. Dermis. 2(1):2. 

Statistical analysis 

Statistical analysis was performed using the XLStat software 
(version 2019.4.2, Addinsoft, France). In this study, the data 
does not follow a normal law. Thus, the Mann-Whitney non-
parametric test was performed with a significance level of 5% 
to assess the significance of the differences observed between 
the two age groups (young and elderly) and body areas 
(forearm and thigh). A Spearman correlation test was carried 
out to assess the links between the data. This test provided 
a correlation coefficient (r), i.e., the Spearman coefficient. It is 
between -1 and 1: if 0.3 < r < 0.5 (or -0.5 < r < -0.3) then the 
relationship is weak, if 0.5 < r < 0.8 (or -0.8 < r < -0.5) then 
the relationship is of medium intensity, and if r > 0.8 (or r < 
-0.8) then the relation is strong.  In this study, only coefficients 
whose associated p-value is significant (< 5%) are interpreted.

RESULTS 

Thickness of skin layers 

The images in Figure 4 show an example of the images 
acquired with transverse sections of the skin of the forearm 
and the thigh of a young volunteer and an elderly volunteer. 
Figure 5 presents the thicknesses of the epidermis and the 
papillary dermis extracted from these images according to 
age and body areas.

The results show that the thickness of the epidermis of the 
thigh is significantly thicker by +11% than that of the forearm 
whatever the age group (e thigh, young = 85.9 ± 10.5 μm, e forearm, 

young = 77.4 ± 10.1 μm, e thigh, elderly = 80.5 ± 6.4 μm, e forearm, 

elderly = 68.4 ± 10.7 μm). For both areas (forearm and thigh), the 
thickness of the epidermis in the young group is significantly 
thicker than the thickness in the older group. However, the 
percentage is clearly different between the two areas. The 
epidermis of the forearm of the young group is thicker by +10 
% compared to that of the older group, while for the thigh the 
percentage is only +7 %. 

The thickness of the papillary dermis extracted for each age 
group and for the two body areas show that, for the forearm, 
the thickness in the young group is significantly thicker than 
the thickness in the old group by +41 % (e forearm, young = 162.3 
± 33.3 μm, e forearm, elderly = 98.8 ± 26.9 μm). For the thigh, the 
thickness of the papillary dermis tends to decrease with age 
(p-value = 0.072) (e thigh, young = 131.4 ± 32.9 μm, e thigh, elderly = 
105.5 ± 31.1μm), it is thicker in the young group by +20 %. The 
difference in thickness of the papillary dermis between the 
forearm and the thigh is not significant for the elderly group, 
while for the young group the papillary dermis is significantly 
thicker for the forearm than for the thigh by +27 % (p-value = 
0.003).

Figure 4: Vertical images taken by LC-OCT of the skin of the forearm and the thigh for a young volunteer 
and an elderly volunteer. These images clearly illustrate the difference between the two areas of the body in 

terms of the thickness of the layers. For the young volunteer, the epidermis seems thicker than for the elderly 
volunteer. Differences are also perceptible in the papillary dermis: the fiber network of the young volunteer 

appears brighter with long fibers than for the older volunteer.
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Dermal-epidermal junction 

The images in Figure 4 show the difference between the 
two age groups in terms of the length and amplitude of the 
dermal-epidermal junction. For the young volunteer the DEJ 
seems less smooth than for the elderly volunteer and the 
loops look higher and larger. Figure 6 presents the length and 
the amplitude of the dermal-epidermal junction extracted 
from the images according to age and body area. 

The length of the DEJ was significantly longer for the forearm 
by +5% than for the thigh for the young group (l forearm, young = 
1.45 ± 0.1 mm, l thigh, young = 1.36 ± 0.08 mm). On the contrary, 
the results show no significant difference between the length 

of the DEJ for the elderly group between the forearm and the 
thigh (l forearm, elderly = 1.38 ± 0.09 mm, l thigh, elderly = 1.36 ± 0.07 
mm). Whatever the area of the body, the difference in the 
length of the DEJ between the young group and the elderly 
group is small and not significant. It should be noted that for 
the forearm the length of the DEJ tends to decrease with age 
(p-value = 0.053).

The amplitude of the DEJ is higher for the forearm than the 
thigh for the young group (A forearm, young = 3.53 ± 2.2 μm, A thigh, 

young = 2.60 ± 1.09 μm), but for the elderly group the difference 
between areas is not significant (A forearm, elderly = 2.90 ± 0.9 μm, A 

thigh, elderly = 3.11 ± 1.1 μm). For the forearm, the amplitude of the 
DEJ tends to decrease with age (p-value = 0.097).

( a )  (b) 

Figure 5: Thickness of skin layers (* for 0.01 < p-value < 0.05, ** for 0.001 < p-value < 0.01, 
*** for p-value < 0.0001).

( a )  (b) 

Figure 6: Length and amplitude of the dermal-epidermal junction (* for 0.01 < p-value < 
0.05, ** for 0.001 < p-value < 0.01, *** for p-value < 0.0001).
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Fiber density 

The images in Figure 7 show an example of the images 
acquired in the horizontal plane parallel to the outer skin 
surface of the forearm and the thigh for a young volunteer 
and an elderly volunteer. Figure 8 presents the density and the 
diameter of fibers of the papillary dermis extracted from the 
images according to age and body area.

The fiber density results show that the density of fibers of the 
thigh is significantly higher than that of the forearm by +15% 
for the young group (d forearm, young = 46.7 ± 4.9%, d thigh, young = 
55.02 ± 3.9%), and by +14% for the elderly group (d forearm, elderly 

= 46.35 ± 6.3%, d thigh, elderly = 53.49 ± 4.06%).The difference in 
density of fibers between the age groups (young and elderly) 
is not significant (p-value > 0.05) whatever the area of the 
body.

The fiber diameter results show that the fiber diameter at the 
thigh is significantly greater than that at the forearm by +8% 
for the young group (Ø thigh, young = 11.2 ± 0.4 μm, Ø forearm, young  = 
10.4 ± 0.6 μm) and +7% for the older group (Ø thigh, elderly = 11.05 
± 0.5 μm, Ø forearm, elderly  = 10.3 ± 0.9 μm). The difference in fiber 
diameter between age groups (young and old) is small and 
not significant regardless of body area.

Figure 7: Horizontal images taken by LC-OCT of the skin of the forearm and the thigh for a young volunteer 
and an elderly volunteer. These images show the state of the fiber network for skin for both body areas. It can 
be seen that the fibers of the forearm and the thigh are oriented differently. For the young volunteer, the fiber 

network seems denser than that of the elderly volunteer.  

(a)  (b) 

Figure 8 : (a) Density of fibers. (b) Diameter of fibers (* for 0.01 < p-value < 0.05, 
** for 0.001 < p-value < 0.01, *** for p-value < 0.0001).
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Correlation tests

The structure of the skin in terms of the thickness of the layers 
changes with age. The thicknesses of the epidermis and the 
papillary dermis decrease with age (rSpearman, = -0.35, rSpearman = 
-0.63). The thickness of the papillary dermis is also related to 
the density of the fibers it contains (rSpearman = 0.46), the 
higher the quantity of fibers in the papillary dermis, the thicker 
it is. The length of the DEJ increases when the thickness of the 
papillary dermis is higher (rSpearman = 0.32).

DISCUSSION AND CONCLUSION 

Analysis of the skin structure in vivo (using the LC-OCT images) 
allows quantifying the intrinsic parameters of the human 
skin which include the thicknesses of the layers of soft skin 
tissues, the length and the amplitude of the dermal-epidermal 
junction, and the density of the fibers of the papillary dermis 
for two areas of the human body: the forearm and the thigh. 

The results of this study show points in common and points 
of difference in the physiology of the skin of the two body 
areas: the forearm and the thigh. The skin has the same 
behavior, whether for the forearm or for the thigh, regarding 
the evolution of its structural properties with age, in particular 
the thicknesses of the cutaneous layers. The latter decrease 
in both areas of the body for the two age groups ([20–30] 
and [45–55] years old). In the literature, the evolution of the 
thickness of the cutaneous layers differs according to the 
methods used, the population and the body areas studied 
[10]. The thicknesses of the skin layers measured from the 
vertical LC-OCT images (68.4 ± 10.7 < e < 85.9 ± 10.5 μm 
for the epidermis, 98.8 ± 26.9 < e < 162.3 ± 33.3 μm for the 
papillary dermis) are consistent with the orders of magnitude 
found in the literature (from 30 to 80 μm for the epidermis, 
from 20 to 100 μm for the papillary dermis) [1,10,17,24–26]. In 
the current study, the thickness of the epidermis decreased by 
-10% for the forearm and by -7% for the thigh. The thickness of 
the papillary dermis decreased by -41% for the forearm and by 
-20% for the thigh. This difference could be related to the fact 
that the forearm is more exposed to the sun than the thigh, as 
shown by Waller & al. [10] and Wurm & al. [21].

On the other hand, the skin properties were not the same 
for the two zones regarding the structure of the layers. The 
epidermis was thicker for the thigh by +11% than for the 
forearm whatever the age group. The difference in thickness 
of the papillary dermis between the forearm and the thigh 

was particularly marked for the young group; it was thicker 
for the forearm than the thigh by +27%. To our knowledge, no 
other studies have compared the thicknesses of the skin layers 
between the forearm and the thigh.

The difference between the body areas was also remarkable 
when looking at the length and the amplitude of the dermal-
epidermal junction, particularly for young skin. The length and 
the amplitude of the DEJ were greater for the forearm by +5% 
than the thigh for the young skin. These parameters tended 
to decrease with age for both zones, with no difference of 
note between them. The length of the DEJ measured in this 
study varied between 1.36 ± 0.08 and 1.45 ± 0.1 mm which 
correspond to the minimum and maximum of the means 
obtained. These values are consistent with the literature 
(from 1 to 1.25 mm) [1,27,28]. In the literature, there is a lack 
of information available concerning the amplitude of the DEJ. 
In our study, this amplitude varied from 2.60 ± 1.09 to 3.53 
± 2.2 μm (the limits of the interval equal to the minimum 
and maximum of the means obtained, respectively). These 
observations mean that the DEJ tends to flatten out with 
age, as was also shown by Wurm & al. [21]. The loops tend to 
disappear and to give way to a smooth wavy surface oriented 
in a plane parallel to the plane of the outer surface. 

The density of the fibers extracted from the horizontal LC-OCT 
images was also different between the forearm and the thigh. 
The results show that the density of the fibers of the thigh was 
higher than that of the forearm by +15% for the young group 
and by +14% for the elderly group. However, no significant 
differences between age groups were observed. This could be 
related to the fact that the age difference between the two 
groups in this study ([20-30] and [45-55] years old) was not 
sufficient to show significant differences for fiber density. This 
varied from 46.35 ± 6.3 to 55.02 ± 3.9%, which correspond to 
the minimum and maximum of the means obtained. The fiber 
diameter results show that the fiber diameter at the thigh is 
greater than that at the forearm by +8% for the young group 
and by +7% for the elderly group. The diameter varied between 
10.3 ± 0.9 and 11.2 ± 0.4 μm which were the minimum and 
maximum of the means obtained. Regardless of body area, 
the difference in fiber diameter between age groups is small 
and not significant.

Hence, the LC-OCT images provided information on the 
structure and components of the skin and made it possible 
to assess the age effect as well as the particularities of each 
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area of the body. The results of the correlation test highlighted 
the age effect on the thickness of the skin layers as well as the 
link between the thickness of the papillary dermis and the 
quantity of fibers it contains. This allowed us to deduce that 
the quantity of fibers tends to decrease with age.

This information is of great importance for understanding the 
overall mechanical response of the human skin to a mechanical 
external load applied to its outer surface. Mechanically 
speaking, the additive properties of physical phenomena 
make it possible to envisage the overall response of the 
human skin as the sum of the individual response of each 
layer of soft skin tissues. Furthermore, the overall response 
of the skin can be partitioned into three phases during which 
the soft skin tissues attempt to bear external mechanical loads 
while seeking a new equilibrium or at least coping with it in 

order to maintain their mechanical integrity without too much 
damage or cracks.

During the first phase, the applied load is mechanically 
spread throughout the volume of the human soft skin tissues. 
Considering the results presented above, let us consider 4 
volumes for our analysis: a volume V1 having the averaged 
dimensions obtained for the young group for the forearm, a 
volume V2 having the averaged dimensions obtained for the 
young group for the thigh, a volume V3 for the elderly group 
for the forearm and a volume V4 for the elderly group for the 
thigh. Table 1 presents these volumes calculated from the 
measured thicknesses (epidermis + dermis) and using the 
dimensions of the LC-OCT images (length of the horizontal 
image = 120 μm, width of the horizontal image = 90 μm). 

Volume (body area, age group) Averaged value of the volumes

V1 (forearm, young group) [mm3] 2.24 × 10-3 ± 6.63 × 10-4

V2 (thigh, young group) [mm3] 2.08 × 10-3 ± 6.63 × 10-4

V3 (forearm, elderly group) [mm3] 1.25 × 10-3 ± 5.96 × 10-4

V4 (thigh, elderly group) [mm3] 1.68 × 10-3 ± 6.17 × 10-4

Table 1: Averaged volumes

According to the hypothesis that the four volumes are made 
of the same homogeneous material, it would appear that, 
mechanically speaking, the bigger the volume the easier 
it is to bear the external mechanical load applied. In this 
case, a classification of the volume from the strongest to the 
weakest appears: V1, V2, V4 and V3. In other words, only the 
geometrical properties of the volumes show that the young 
group has a larger skin volume than the elderly group and that 
for the young group the skin volume of the forearm is larger 
than that of the thigh. Surprisingly, the results show a totally 
different behavior for the elderly group. For the latter, the skin 
volume of the thigh is larger than that of the forearm.

However, it is known that human soft skin tissues are stratified 
and made of different materials [1,29,30]. Furthermore, 
references have shown that during the first phase, the 3D 
elastin fiber network scattered in the papillary dermis in the 
2D network (parallel to the plane of the outer surface) of the 
collagen fibers will be the first to bear an external mechanical 
load. In a civil engineering sense, the elastin fibers can be 

seen as springs that spread the load throughout the volume. 
The density of these springs is higher in the vertical direction 
orthogonal to the outer skin surface. The relative thickness of 
each layer is very important in such cases. A thick papillary 
dermis will host more elastin fibers than a thin one. Again, in 
this case, the classification of the volume from the largest to 
the smallest appears to be: V1, V2, V4 and V3.

During the second phase, the collagen fibers of the papillary 
dermis will reorient themselves to participate in resisting the 
external mechanical load [31]. The results presented above 
show that the thick papillary dermis of the young group is 
associated with a dense fiber network. The young skin has 
a thick papillary dermis for both zones which contains a 
large quantity of fibers. The densities of fibers are higher for 
the thigh (55.02 ± 3.9%) than for the forearm (46.7 ± 4.9%). 
With high densities, the quantity of fibers able to reorient 
themselves and participate will be significant. This provides 
the skin of the young group with a considerable advantage 
when bearing an external mechanical load. Moreover, it was 
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found that the elderly group had a thin papillary dermis (105.5 
± 31.1μm for the thigh and 98.8 ± 26.9 μm for the forearm) 
containing a less dense fiber network with densities equal to 
53.49 ± 4.06% for the thigh and 46.35 ± 6.3% for the forearm. 
The elderly group was less well equipped to cope with external 
mechanical loads. 

Finally, during the third phase, the collagen fibers were 
oriented in the main direction of the external mechanical load 
applied and they resisted it to maintain the skin volume as 
safe as possible. Again, a thick papillary dermis with a dense 
fiber network will be better equipped for such a function. 
Moreover, it was shown in the study of Ayadh & al. [32] that 
subjected to a mechanical loading equivalent to an air blow, 
the overall response of the human skin in vivo exhibits large 
displacements and that this phenomenon is due to the 
additive property of the contribution of each layer. Subjected 
to an external mechanical load, each layer undergoes a large 
displacement. It can be considered here that when subjected 
to any other mechanical load (all bigger than an air blow), the 
soft skin tissues will also undergo large displacements. 

If the layers, including the papillary dermis, are healthy and 
thick, this reveals a healthy fiber network. This thickness 
should not originate from fat storage. It is corresponds to the 
skin of the young group. The skin is therefore able to bear 

mechanical loads in good conditions. On the contrary, if the 
layers, including the papillary dermis, are healthy but thinner, 
this corresponds to the skin of the elderly group. The thin 
layers have a less dense fiber network. These fibers will be less 
strong globally in the sense that they will be less numerous 
when bearing an external applied mechanical load. They will 
provide the skin with a less developed capability to adapt, 
be flexible and even extensible when bearing an applied 
external mechanical load. The skin may have difficulties in 
resisting a load and maintaining its capacity to push-forward 
(in the case of compression) or push-backward (in the case of 
extension) in response to an imposed movement, involving 
the large displacement described in [32]. The skin will appear 
less elastic, less supple, with a poorer natural tension state. In 
other words, the results obtained here allow proposing the 
mechanical interpretation that loss of skin elasticity is caused 
by the decreasing thickness of the skin layers.

It should be noted that this degradation of the skin’s 
properties depends on the body area due to the structural 
particularity of each area of the body (Table 2). This explains 
why the aging effect is more marked on certain areas of the 
body than others. All these changes that the physiology of the 
skin undergoes with age impact its mechanical properties in 
terms of elasticity, suppleness, and tension [33]. 

Table 2: Summary of the results (red for evolution according to age, red arrow for qualitative decrease 
observed, blue for the differences observed for the body areas, -- for no change observed)

Parameters Forearm Thigh

Thickness of the epidermis -10 %
-7 %

+11 %

Thickness of the papillary dermis
-41 %

+27 %
-20 %

Longueur of the DEJ 
+5 %

Amplitude of the DEJ 
+

--

Fiber density -- +15 %

Fiber diameter -- +8 %

→ →

→
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