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ABSTRACT 

Psoriasis is a prolonged inflammation of the skin. The 
causes of psoriasis are still unclear. The treatment 
options depend on the severity of the disease and may 
include topical agents (such as topically-applied drugs, 
sulfur spa therapy, phototherapy) and systemic 
agents (orally or percutaneously administered). The 
aim of this study was to investigate the mechanical 
properties of the skin in psoriatic plaques before and 
after treatment with sulfur therapy (Thermae Lui- 
giane, Guardia Piemontese-Acquappesa, Italy), in 
comparison with the skin of healthy subjects. The 
study has been performed on 20 psoriatic plaques (10 
on upper arm, 10 on upper back) and 10 control sub- 
jects (healthy males aged 47 ± 15). The efficacy of 
sulfur therapy was observed through the evaluation 
of the biomechanical properties of the skin. Investiga- 
tion was performed with a Skin meter, an instrument 
useful to determine the physiological parameters by 
the means of a suction method, a non-invasive in vivo 
suction. The apparatus was equipped with 2-mm 
measuring probe. Unlike the optical method, in our 
test the color and/or distribution of the skin micro- 
circulation didn’t interfere with the measurement. 
The evaluation of mechanical properties of the psori- 
atic plaques after treatment showed a significative 
recovery of the parameters analysed, with an increase 
of the elasticity parameters (Ur, Ua, Ua/Uf, Ur/Uf) 
and a decrease of the visco-elasticity module (Uv/Ue).   
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1. INTRODUCTION 

Psoriasis is a chronic inflammatory and proliferative 
disorder of the skin clinically manifested as well-circum- 
scribed, erythematous papules and plaques covered with 
silvery scales. The lesion location is generally on elbows,  

knees, scalp, lower back, face, palms, and feet soles [1]. 
The pathogenesis of this skin disease is still unclear. The 
treatment options depend on the severity of the disease 
and may consist in topical agents (drugs applied to the 
skin, phototherapy etc.) and/or systemic agents (orally or 
percutaneously administered). Although, specific sys- 
temic and environmental factors are known to influence 
the disease, its course is unpredictable and usually 
develops spontaneously with increase and exacerbations 
of lesions without discernible causes. Recent researches 
indicate that immune system dysfunction in the back- 
ground of a genetic predisposition may be involved in 
the onset of the disease [2]. In a previous study we have 
shown the efficacy of a topic therapy with the use of an 
organic matrix, deriving from micro-flora, grown in 
shallow hyper thermal sulfurous water tubs of Guardia 
Piemontese-Acquappesa (CS) Italy. We actually reported 
on the attenuation of such psoriasis symptoms, as scales 
reduction of erythema and pruritus with decrease of 
lesions size and reddening intensity [3]. The organic 
matrix substances (carotenoids, retinoids and the unsa- 
ponificable fraction) present in micro-flora lipids na- 
turally containing phytosterols and tocopherols, seem to 
possess not only antioxidant but also anti-inflammatory 
activities [4]. The organic matrix has been proven to 
exert protective effects on RBC membrane fluidity after 
the psoriatic skin lesion’s treatment and also on the lev- 
els of lipid peroxidation [4,5]. Psoriasis is considered a 
life-long disease and no causal therapy for the disease is 
yet available, therefore the need for safe and efficacious 
long-term treatments is of major importance. Traditional 
systemic therapies for psoriasis include methotrexate 
[MTX], cyclosporin A, retinoids or PUVA therapy, 
which have a potential for long-term toxicity and may 
not always provide sufficient improvement of the disease 
[6,7]. Biological therapies (T-cell modulating agents 
(alefacept and efalizumab), the inhibitors of tumour 
necrosis factor-a (TNFa blockers, e.g. adalimumab, 
certolizumab, etanercept, golimumab, and infliximab),  
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and the inhibitors of IL-12 and IL-23 (ustekinumab and 
briakinumab), have demonstrated efficacy in patients 
with psoriasis and are generally considered safe and well 
tolerated. However some rare but serious safety issues 
(i.e., demyelination, infection, tuberculosis, malignancy, 
lymphoma, cardiovascular outcomes, hepatitis, preg- 
nancy, surgery, and vaccination) have been observed 
[8-10]. Taking into account the possibility that side ef- 
fects might occur during long-term exposure to these 
drugs, the sulfur spa therapy combined with pharmaco- 
logical agents may represent an useful alternative for the 
treatment of moderate psoriatic lesions. To achieve this 
purpose, we investigated the mechanical properties of the 
skin in psoriatic plaques of patients before and after 
treatment with sulfur spa therapy in comparison to the 
skin of healthy controls. Recently, a great deal of in vivo 
studies have been using a bioengineering approach to 
evaluate the mechanical properties of the epidermal 
tissue [11-13]. The instrument used herein for assessing 
dermal deformation is based on the measurements of 
skin parameter [13]. Progressive resistance to deforma- 
tion, flexibility and elasticity must be adequately ba- 
lanced to fulfill the ideal tensile properties of the skin. 
Furthermore, the parameters described are the functional 
expression of the molecular rearrangements of the skin 
components. The structural alteration of the skin can be 
ascribed to immune system dysfunction involving a 
complex interrelationship between hyperplastic epider- 
mal keratinocytes and several immune cell types in- 
cluding T cells, neutrophils, dendritic cells and macro- 
phages [14-18]. Therefore, the alteration in skin mecha- 
nics of the psoriatic plaques is thought to be due to in- 
creased skin thickness as a result of epidermal hyper 
proliferation and vasodilatation in the papillary dermis 
[13]. Nowadays biological treatments for psoriasis are 
gaining more and more popularity, and bath therapy with 
sulfur mineral water represents a safe and efficient sup- 
port for integrated treatment to the conventional the- 
rapeutic modalities. 

2. MATERIAL AND METHODS 

2.1. Subject  

The study has been performed on 10 normal weight male 
patients (age range 47 ± 15) with psoriasis plaques. A 
total of 20 psoriatic plaques was measured, of which 10 
were localized on the extremities (arm) and 10 on the 
trunk (upper back). Ten comparable healthy subjects 
(males, age range 50 ± 13) as control group were also 
studied. Healthy subjects had no evident cutaneous 
damage. None of the subjects was alcohol or narcotics 
addict or had received any systemic therapy. Informed 
consensus for participation in the study was obtained 

from all the subjects. 

2.2. Sulfur Spa Therapy 

The water in use for treatment in psoriasis disease comes 
from two salt-bromine-iodine-sulphurous hyperthermal 
and thermal springs respectively at 43˚C and 22˚C from 
Luigiane Thermae of Guardia Piemontese (CS—Italy). 
Hyperthermal waters contain a very high rate of sulfur 
(173 mg/L). These waters are also used for baths, mud, 
inhalations and have resulted very effective in treating 
skin diseases, respiratory problems, orthopedic and ar- 
throrheumatism. The therapeutic cycle of balneotherapy 
consists in one daily bath, with total immersion in 
individual bath tub, lasting 20 minutes at 35˚C, for 12 
days and the assessment has been conducted at constant 
temperature and humidity (25˚C and 40% relative hu- 
midity). 

2.3. Skin Meter Apparatus 

The elasticity, viscoelasticity, and distensibility of hu- 
man skin is assessed with a “Skin meter”, an instrument 
useful to determine the physiological parameters using 
the suction method. This measurement may be useful to 
evaluate the mechanical properties of psoriasis skin be- 
fore and after bath therapy with sulfur mineral water. 
The stick of irrelevant mass is immersed in an electro- 
magnetic field and causes a change of the reluctance of 
the circuitry, due to the linear displacement caused by 
the negative pressure applied on the skin. The stick, lo- 
cated in the probe circuitry, has been placed on the area 
of skin under examination. The probe of the electrome- 
chanical Skin-meter produces a continuous transduced 
signal that is accurately and easily evaluated by the in- 
strument. This determination method, unlike the optical 
methods, is independent from color, skin microcircula- 
tion and skin irregularity. It allows us to appreciate di- 
rectly the elastic deformation in the skin area analyzed 
and bounded (in a diameter of 2-mm) by the geometry of 
the probe (Figure 1). 
 

 

Figure 1. Representation of elastomer probe on human skin. 
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2.4. Skin Parameter 

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 and analyzed before and after sulfur 
bath therapy in comparison with normal healthy control. 
During the trial, the instrument was placed perpendicular 
to the anatomic area tested. A typical deformation curve 
is illustrated in (Figure 2). The following parameters 
were analyzed: immediate distension (Ue), delayed dis- 
tension (Uv), final distension (Uf), immediate retraction 
(Ur), final retraction (Ua). Ua/Uf represents the ratio of 
total retraction to total distension, called gross elasticity; 
Ur/Uf represents the ratio of immediate retraction to total 
distension, called biological elasticity, while the ratio 
Uv/Ue represents the ratio of viscoelastic distension (5). 
The average values of two measurements were expressed 
in mm and used in subsequent calculations as previously 
reported by Dobrev in 2000 [13]. 
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2.5. Statistical Analysis 

Data were processed by Graph Pad Prism 5 statistical 
software. Two-way analysis of variance (ANOVA) fol- 
lowed by the post hoc Bonferroni’s test were used for 
statistical analysis of data, which are presented as the 
mean ± SEM. Values of p < 0.05 were considered sig- 
nificant. 

3. RESULTS 

Evaluation of Skin Parameters 

In psoriatic plaques, we observed some skin deforma- 

tions suggested by changes of Skin elasticity and viscoe- 
lasticity (Figure 3). 

In particular, we observed that the evaluation of bio- 
mechanical parameters is independent from the ana- 
tomical areas examined. The tested areas showed both a 
significative decrease of the elastic parameters (Uf, Ua, 
Ur, Ua/Uf, Ur/Uf) and an high increase of the visoelastic 
ratio (Uv/Ue), in comparison with the healthy skin of 
control subjects. Sulfur bath therapy resulted in a sig- 
nificative improvement of the elastic and viscoelastic 
component with an increase in elasticity parameters and 
a decrease in viscoelasticity ratio (Figures 4 and 5). 

4. DISCUSSION 

Psoriasis is induced and maintained by multiple interac- 
tions between cells of the skin and immune system. It 
seems that the pathogenesis of psoriasis could involve a 
stage of cellular infiltration resulting in epidermal (kera- 
tinocyte) proliferation. The effects and efficacy of spa 
therapy in inflammatory skin diseases are only partly 
understood, and presumably incorporate chemical, ther- 
mal, mechanical and immunomodulatory effects [19,20]. 
Sulfur water can inhibit the production and/or release of 
cytokines, particularly IL-2 and interferon (IFN)-, from 
the Th1 lymphocytes subset which acts mainly on the T 
memory cells subset [21]. These latter lymphocytes are 
inhibited in their proliferation rate and in their ability to 
produce and release cytokines [22]. In addition the action 
of sulfur on the skin is thought to be due to its interaction 
with the cysteine and its catabolites contained in kerati- 
nocytes. The sulfur that penetrates the skin is oxidized 
and evokes various physiologic responses in the skin, 
such as vasodilation in the microcirculation and analge- 
sic influence on the pain receptors [23]. Furthermore HS− 

 

 

Figure 2. Tipical representation of skin deformation curve. Ue: immediate distension; Uv: delayed dis- 
tension; Uf: final distension; Ur: immediate retraction; Ua: final retraction; R: residual deformation. 
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Figure 3. Representative skin deformation of psoriatic plaques: (a) Healthy skin 
(control); (b) Psoriatic plaques after sulfur bath therapy; (c) Psoriatic plaques 
before sulfur bath therapy. 

 

 

Figure 4. Biomechanical parameters (upper arm skin) of Control (healthy subjects), psoriatic 
plaques and psoriatic plaques treated with sulfur bath therapy. Two-way analysis of variance 
(ANOVA) followed by Bonferroni’s test. ***p < 0.001 significantly different from control; °p < 
0.05 and °°°p < 0.001 significantly different from psoriatic plaques (n = 10). 

 

 

Figure 5. Biomechanical parameters (upper back skin) of Control (health subjects), of psoriatic 
plaques and psoriatic plaques treated with sulfur bath therapy. Two-way analysis of variance 
(ANOVA) followed by Bonferroni’s test. *p < 0.05 and ***p < 0.001 significantly different from 
control; °°p < 0.01 and °°°p < 0.001 significantly different from psoriatic plaques (n = 10). 
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reduces the cellular cytotoxic response of peripheral 
blood lymphocytes as well as their production of IL-2, 
therefore de-activating the major players of local in- 
flammatory response [24]. A high concentration of 
hydrogen sulfide combined with neutral pH (6.9 to 7.1) 
in the sulfur mineral water of Guardia Piemontese-Ac- 
quappesa, represent the optimal conditions for dermal 
absorption. In fact the rate of absorption of hydrogen 
sulfide is proportional to its concentrations; moreover, in 
neutral pH conditions hydrogen sulfide is present in its 
undissociated form (H2S) that easily penetrates in the 
skin. The use of sulfur hypothermal water at 22˚C for 
dilution of the sulfur hyper thermal water at 43˚C, dilutes 
the concentration of hydrogen sulfide about to 100 mg/L 
and this improves its bioavailability. In addition, the du- 
ration of the bath and its temperature influences the ab- 
sorption of hydrogen sulfide and of other mineral sub- 
stances, more than their concentration. Therefore, a tem- 
perature of about 34˚C - 35˚C combined with a perma- 
nence time of 20 min in the tub are recommended to 
produce the best therapeutic results. This work demon- 
strates that the bath therapy with sulfur mineral water of 
Guardia Piemontese-Acquappesa (Italy), is able to re- 
store the biomechanical properties of the skin. The 
analysis is founded on the measurements of the electro- 
mechanical transduction. A key finding of this work is 
the biological skin response of psoriasis patients by the 
Skin-meter. The increase of skin thickness as well as the 
degenerative changes in the fibrous network reported in 
psoriasis vulgaris cause a decrease in elasticity parame- 
ters Ur, Ua/Uf and Ur/Uf, with a decrease in the ability 
of the skin to return to its initial position after deforma- 
tion [13]. Our results show that these values are signifi- 
cantly lower in psoriatic patients before sulfur bath ther- 
apy compared with normal healthy control. The parame- 
ters Uv, Ue are instead the portion of the viscoelasticity 
on the elastic part of the curve and are attributed to the 
displacement of the interstitial fluid, containing water 
and highly viscous glycosaminoglycans [25,26]. Particu- 
larly the Uv/Ue parameter was increased in psoriasis 
vulgaris, indicating the prevalence of the viscoelastic 
part over the elastic part of the deformation [13]. Sulfur 
bath therapy shows a reduction of the thinning psoriatic 
plaques. The main effects are showed by the following 
biomechanical parameters: 1) increase of the ratio Ua/Uf, 
that includes the viscous changes of the skin for both 
deformation and retraction, with the recovery of both 
elasticity of the skin’s solid components (elastic fibers, 
etc.) and viscosity from the liquid content of the skin; 2) 
increase of the ratio (Ur/Uf), that includes measures of 
viscoelastic deformation and elastic retraction with the 
recovery the viscous and skin elasticity of psoriatic 
plaques; 3) decrease of the Uv/Ue that reflect a reduction 
of dermal oedema and the thinning of the psoriatic 

plaques. Also the changes in Uv/Ue can be used as indi-
cators for the improvement of psoriasis [13]. This pa-
rameter is indicative of dermal water content [27], and 
reflects a restore of skin hydrating level, plasticity and 
electrical capacitance of the stratum corneum [28]. 

5. CONCLUSION 

Sulfur bath therapy may have an important role in the 
therapeutic strategy of psoriasis, supporting and inte- 
grating the already consolidated pharmacological ap- 
proaches. This study demonstrates the functionality of 
the Skin meter and confirms that measurements are not 
affected by the optical components of the circuitry. 
Therefore skin parameters measurements are not alter- 
ated by the presence of blood microcirculation in the 
subjects tested. Moreover, skin parameters are easily 
detected and analyzed and the data presented are in 
agreement with the results reported in previous studies 
[11-13,27,28]. We hypothesize that a practical implica- 
tion is that this equipment shall be useful to get a direct 
monitoring of dermal skin conditions in relation to pso- 
riasis skin disease. 
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