
Open Journal of Molecular and Integrative Physiology, 2012, 2, 107-111                                       OJMIP 
http://dx.doi.org/10.4236/ojmip.2012.24015 Published Online November 2012 (http://www.SciRP.org/journal/ojmip/) 

Analysis of human skin tissue by a skin-meter: A 
preliminary study 

Sergio Mazzulla1, Annarita Carino1, Antonino Miano2, Fiorenzo Mignini2, Giovanni Bartolomei3, 
Guglielmo Martino1 

 

1Department of Cellular Biology, University of Calabria, Cosenza, Italy 
2Department of Public Healthy and Experimental Medicine, University of Camerino, Camerino, Italy 
3Department of Chemistry, University of Calabria, Cosenza, Italy 
Email: mazzulla@unical.it 
 
Received 11 September 2012; revised 12 October 2012; accepted 22 October 2012 

ABSTRACT 

The aim of this study is to evaluate the skin elasticity 
in individuals who practise spinning. Mechanical eva- 
luations were conducted, under environmental and 
physical established conditions, during a physical 
training period. A total of 12 volunteers aged 35 ± 5 
years were enrolled in this study, (60 min) before 
(control) and (60 min) after practicing spinning. Skin 
elasticity and area were measured by a Skin Meter 
and analysed with the Skin Meter software 1.3. In 
subjects who practiced spinning, the data shown a 
significant effect: on elasticity, evaluated as the ratio of 
final retraction (UA) and final distension (UF), on 
viscoelasticity express as the ratio delayed distension 
(UV) and immediate distension (UE); and on meas- 
urements of skin area vs control subjects. Skin Meter 
can be useful for a non-invasive screening of skin 
condition with also a potential extension in subjects 
with skin pathologies or to monitor skin oxidative 
stress in sportive subjects. 
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1. INTRODUCTION 

Recently, a great deal of in vivo studies using a bioengi- 
neering view point for a mechanical evaluation of epi- 
dermal tissue have been performed [1-3]. Biological and 
physiological aspects of this study is founded on the 
evaluation of the dermis portion of the skin in sportive 
subjects, before and after exercising, using the elas- 
tomeric method. The instrument used for assessing der- 
mal deformation is based on the measurements of skin 
parameter [4]. Progressive resistance to deformation, flexi- 
bility and elasticity must be adequately balanced to fulfil 
the ideal tensile properties of the skin. Furthermore, the 

parameters described are the functional expression of the 
molecular rearrangements of the skin components, whose 
structural organisation can be ascribed to noxious cellu- 
lar phenomena such as the oxidative stress and forma- 
tion of peroxidation products. The elasticity of skin can 
be consequently compromised and the dermis portion can 
present biological and dynamic alterations of the struc- 
tures. Often the stress involves the structural compo- 
nents at several cutaneous and subcutaneous levels to 
sum up. Aerobic exercise can increase in oxygen demand 
by working skeletal muscles causing electron leakage 
from the mitochondria during the movement [5-7]. The 
aims in the present work, is to test whether the skin 
property is affected by physical exercise (spinning) and 
underling possible alterations in physiological mecha- 
nisms at skin levels. 

2. MATERIAL AND METHODS 

2.1. Subject 

Twelve healthy and physically active volunteers: 7 males, 
40 ± 5 years old, body weight 70 ± 5 kg and height 170 ± 
8 cm, and 5 females, 40 ± 5 years old, weight 60 ± 5 kg 
and height 160 ± 7 cm. Mean BMI was 25.2 kg/m2 for 
male and 21.3 kg/m2 for female. Trained subjects, not 
engaged in competitive sports, were enrolled and studied. 
The study was approved by the university’s ethics com- 
mittee, all participants provided written informed consent 
upon entry into the study. The changes in skin mechani- 
cal parameters 60 min after training, expressed as either 
increase or decrease of skin elevation during instrumen- 
tal measurements, are described in subjects practicing 
spinning 60 min before and 60 min after physical exer- 
cise. The volunteers performed the spinning session lis- 
tening to a compilation of 11 songs lasting 50.5 min 
Each track corresponded to a specific phase of the ses- 
sion, the phases being labelled as warm-up, sitting, 
seated climbing, jumping and winning. In addition to the  
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music protocol, the participants were assessed to main- 
tain a pedal stroke cadence that had previously been es- 
tablished for each track, thus the training was performed 
in one hour. They were admitted to the study after per- 
sonal and familiar anamnesis and medical visit. The ex- 
clusion criteria: acute or chronicle infections, allergy, 
hypersensitivity or allergy to not steroidal anti-inflam- 
matory drugs (FANS) or medicines. They didn’t use for 
15 days any topical agent on the test areas and their arms 
resulted free of pathological findings. Spinning activity 
monitor was conducted three times a week. 

2.2. Dietary Profile 

All participants received explanation and written inst- 
ruction for them diet. Subjects were asked to be as accu- 
rate as possible in recording the amount and type of food 
and fluid consumed. A list of common household meas- 
ures, such as cups and tablespoons and specific informa- 
tion about the quantity of measurements (grams, etc.) 
was given to each participant. Any questions, ambigui- 
ties or omission, regarding the type and amount of food 
and beverages consumed, were resolved individually and 
controlled via direct interviews. The diet followed by all 
subjects was based on a Mediterranean-style [8], these 
data have been acquired through a specific questionnaire 
to learn about the eating habits of the same subjects. 

2.3. Skin Meter 

In this study was used a Skin-meter as an instrument to 
determine the physiological parameters, elasticity or 
viscoelasticity or distensibility of human skin. Skin me- 
ter has been used with the purpose of providing specific 
information on biological skin parameters and human 
skin area measurements to obtain information on the 
condition of a specific skin portion taken into examina- 
tion. Specifically its measurement is based on the physio- 
logical deformation of the skin by method of suction. 
The assessment is made through the analysis of an elec- 
trometric parameter, induced by the displacement of a 
direct component of the probe circuitry affixed to circu- 
lar symmetric area of skin under examination. The ad- 
vantage of this determination is that, unlike the optical 
method, the color or distribution of the skin microcircu- 
lation does not interfere with the performed measure- 
ments. The probe of the electromechanical Skin-meter 
produces a continuous transduced signal to accurately 
and easily evaluate by a reliable instrument and, it makes 
a determination that allows us to appreciate directly the 
memory of the elastic deformation in the area of skin, 2 
mm in diameter, affected by sampling and bounded by 
the geometry of the probe (Figure 1). This technique 
allows an optimization of the parameters of mechanical 
functional state of the skin. This is in accordance with 
the demands and expectations of improved diagnosis of 

the main parameters affecting the elasticity of the skin to 
maintain an appropriate biomechanical response in terms 
of flexibility and resistance to deformation (visco-elas- 
ticity). Suction and data acquisition do not use neither 
optical nor acoustical method, Skin-meter is able to pro- 
vide symmetrical elasticity measurements in aging pro- 
cess also regardless of elastic fibers orientation. 

2.4. Evaluation of Skin Parameters 

The mechanical properties of the dermis were deter- 
mined using a non-invasive, in vivo suction skin elastic- 
ity meter equipped with 2-mm measuring probe. The 
time/strain mode was used with a 5 sec. application of a 
constant negative pressure of 400 mbar, followed by a 5 
s relaxation period. Elasticity measurements are made in 
10 consecutively repeated cycles spaced by 10 s between 
them and analysed before 60 min and after 60 min exer- 
cise. The instrument is placed during the trial so that the 
probe is always perpendicular to the forearm on the same 
subject area. Measurements are made on the ventral 
forearm area of the subject’s attesting in a standard pos- 
ture of testing for all subjects. A typical deformation 
curve is illustrated in (Figure 2). The following parame- 
ters were analysed: immediate distension (Ue), delayed 
distension (Uv), final distension (Uf), immediate retrac- 
tion (Ur), final retraction (Ua). The ratio Ua/Uf repre- 
sents the biological elasticity, while the ratio Uv/Ue 
represents the biological viscoelasticity. The average val- 
ues of two measurements were used in subsequent cal- 
culations. The curves of the obtained skin deformation 
were analysed using Skin meter 1.3 software program- 
med in Cell Physiology Laboratory, Department of Cel- 
lular Biology, University of Calabria. 

2.5. Analysis of Skin Area Measurement 

The curves of the obtained skin deformation by spinning 
athletes are wrapped in graphics area. Measurements 
were made on the volar forearm, this area was consi- 
dered to use because the surface is better suitable to the  
 

 

Figure 1. Representation of elastomer probe on human skin. 
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Figure 2. Skin deformation curve. 
 
Skin meter since dermis portion being hairless and 
slightly vascularized. Area parameters represent another 
mechanical factor that is affected by physical exercise, 
and indirectly on the evaluation of skin hydration [9]. 
These parameters reported as elongation measurements 
expressed as (mm) calculated for curves taken of the 
apparatus with a minimum of 10 repetitions in a total 
time of 100 s on the specific part of the skin. 

2.6. Statistical Analysis 

The quantitative variables were expressed as mean ± 
S.E.M. For each of the parameters, Student’s t-test for 
independent observations was used in order to evaluate 
statistical differences among the two groups with a p 
under 0.05 as an expression of significance. 

3. RESULTS 

3.1. Skin Elasticity Measurements 

In subjects who practice spinning we observed a skin 
deformations suggested by chances of Skin elasticity and 
viscoelasticity. Significant values of Ua/Uf (elasticity) 
and Uv/Ue (viscoelasticity), measured by 2-mm probe, 
were significantly increased 60 min after spinning ac- 
tivity as shown in (Figure 3), in all other skin mechani- 
cal parameters the authors did not observe significant 
changes. In this research, these two skin parameters tested 
with Skin-meter, show that in athletes, particularly spin- 
ning athletes, after training dermis portion manifested an 
alterability in biological elasticity and in viscoelasticity 
parameters. Biological elasticity refers to general ratio 
between elastic and collagen fibres of the tested area, but 
viscoelasticity is specific for fluid and fibrous biological 
components of skin, in this research we also observe that 
the viscoelastic modulus increases, as several studies 
report [10-12], a change that suggest a indirectly phe- 
nomenon of skin dehydration; deformability of the skin 

results unaltered as deformation after sustained effort. 
The results of our study indicate that there is no signifi- 
cant difference between males and females in the skin 
parameter measured before and after exercise. 

3.2. Skin Measurements of Area 

We evaluated steep mode of skin tensile properties in 
spinning athletes. The repeated cycles of suction-relaxa- 
tion induced a progressive increase in maximum disten- 
sion and in residual deformation after spinning activity in 
many subjects. 

The average data for single area tested refer to 0.4 ± 
0.16 mm before spinning activity (Figure 4) and to 0.7 ± 
0.13 mm after spinning activity (Figure 5) in a total time 
of 100 s. 

We noticed that a positive correlation exists because 
the measurements, developed by Skin-meter, are repro- 
duceible and constant as shown in (Figures 4 and 5). 

4. DISCUSSION 

In the present study the authors used an experimental  
 

 

Figure 3. Skin mechanical parameters. ± S.E.M of ten 
independent determinations: *p < 0.05 (before-after UA/UF), 
▪p < 0.05 (before-after UV/UE parameters). □ before ex- 
ercise ■ after exercise 
 

 

Figure 4. Skin area parameters. Each column is the mean ± 
S.E.M. of ten independent determinations (before spinning). 
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Figure 5. Skin area parameters. Each column is the mean ± 
S.E.M. of ten independent determinations (after spinning). 

 
approach to evaluate skin elasticity parameters referring 
to the practiced sport. Spinning is an aerobic activity 
founded on a training program, conducted by bicycle 
movements and continued postural changes. The ventral 
forearm areas are chosen as that surface are better suited 
to this type of analysis and easily accessible. That sur- 
face is hairless and specific for the task of spinning 
movement. In the exercise the effort is not made only by 
the leg muscles, but also by the arm ones, taking in ac- 
count the different position in the spinning exercise. We 
have considered it because in the main positions (seated 
flat, seated climbing, standing flat, standing climbing and 
jumping) forearm work is present. This area was chosen 
because best suited to the elastomeric analysis, as the 
same area is the smoother and more easily accessible to 
dermal portion useful for the instrument. The change of 
the electromagnetic field which translates into a digital 
signal useful to investigate the physical and elastic pro- 
perties of the skin in spinning subjects. The analysis is 
founded on the measurements of the electromechanical 
transduction and the peak area evaluation system by Skin 
Meter 1.3 software. A key finding of this work is the 
biological skin response to the physical exercise evalu- 
able by the Skin-meter. In obtained data an increase of 
elasticity, visco-elasticity and area measurements of the 
skin are evident after 60 min of training. The skin rigid- 
ity is accompanied by changes not only of the elastic 
fibers but also of the collagen fibers and the ground sub- 
stances resulting in an increase of these parameters [13]. 
In this study, spinning subjects, after exercise, show an 
improvement in the elastic component, but at the same 
time, there is a need of a greater moisturing to the skin 
subjected to exercise. 

5. CONCLUSION 

This preliminary study demonstrates the functionality of 
Skin-meter and confirms that the measurements not are 
affected by the optical components of the circuitry with 

use of a specific probe, so the skin and area measure- 
ments are not invalidated by the presence of blood 
microcirculation of the subjects tested. Skin parameters 
are also easily detected and analysed, the data prove to 
be in agreement with results reported in previous studies 
[12,14-16]. The method used may be effective in a spe- 
cific way: only dermis portion of human skin is consi- 
dered and this allows detecting the physiological require- 
ments necessary to the human skin to not be compro- 
mised after training. We hypothesize that an important 
practical implication is that the equipment shall be useful 
to get a direct monitoring of dermal skin condition in 
relation to different kinds of sports and to various skin 
diseases. 
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