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Introduction

Over the years there has been growing interest in the literature 
regarding the role of bioelectric phenomena and, in particular, 
endogenous bioelectric fields (EBFs) in promoting repair and re-
generation processes (1–3) because EBFs are able to modify and 
control cell behavior such as migration, proliferation, cell death, 
differentiation, gene expression, and shape changes (3). EBFs 
have also been considered as potential factors for accelerated re-
parative and regenerative processes in lesions of various types of 
tissues, such as chronic leg venous ulcers (LVUs) (4–6). LVUs are 
chronic and recurring skin lesions that do not tend to heal spon-
taneously. The estimated prevalence of LVUs in the UK popula-
tion is 1.5 to 3 per 1,000, and they comprise 80 to 85% of all leg 
ulcers (4). Among the various factors that can cause delay in heal-
ing, the loss of correct recovering mechanisms that support the 
production of EBFs can be a conditioning and determining factor 
(2, 7). Similar to other lesions, in venous ulcers too the interrup-
tion of the epithelial layers that make up the epidermis generates 
a steady voltage and thus an injury current across themselves, 
also generating a lateral electric field of 40 to 200 mV/mm (7). 
This phenomenon would potentially favor faster wound repair 
through the galvanotaxis phenomenon (8). Infectious, traumatic, 
and epigenetic factors can negatively affect the components that 
favor galvanotaxis. The inhibition of galvanotaxis means that the 

electric charges tend to remain localized at the level of the lesion, 
causing blocking or slowing down of the reparative and regen-
erative processes (2, 7). To promote reparative and regenerative 
phenomena, various forms of electrotherapy have been used in 
LVUs, but a systematic review of published literature does not 
make it possible to establish with certainty the real effectiveness 
of any of the proposed treatments because each of the studies was 
conducted using different methods (4, 5, 9). Among the various 
methods for determining an electrical stimulation process to pro-
mote the repair or regenerative processes, research has allowed 
the development of a technology aimed at remodeling the EBF. 
This radioelectric asymmetric conveyer (REAC) technology was 
developed to allow the restoration of correct endogenous ion 
flows as important regulators of cell behavior, such as migration, 
proliferation, cell death, differentiation, and gene expression 
(10–14). Specific treatment protocols with REAC technology have 
also demonstrated anti-inflammatory properties (15, 16) and re-
parative or regenerative efficacy (17–19). These treatments, called 
tissue optimization (TO) treatments, are aimed at promoting re-
parative (TO-RPR) and regenerative (TO-RGN) effects.

This study investigates the combination of standard dressing 
treatment, with and without elastic compression, which allows 
the REAC TO-RPR treatment to reach the greatest efficacy in re-
ducing healing time and consequently in reducing pain and im-
proving the quality of life (QoL) of LVU patients.
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Material and methods

Ethics

The Institutional Review Board–Independent Ethics Committee 
(IRB–IEC) of the Interuniversity Center for Phlebolymphology 
(CIFL) approved this prospective, randomized, controlled study 
(approval code ER.ALL.2013.22.A). This trial was registered in the 
Australian New Zealand Clinical Trials Registry (ANZCTR) under 
the number ACTRN12616000698471. The data for the trial were 
collected at the Interuniversity Center for Phlebolymphology, Bio-
medical Research Department, San Marino.

Patient recruitment and assignment

Inclusion criteria were the presence of chronic LVUs, and no signs 
of intolerance or allergy to constituents of the products used. Ex-
clusion criteria were age under 18; antibiotics, antifungal, anti-
viral, or chemotherapy in place; pregnancy; immunosuppressive 
therapy ongoing or planned in the study period; surgeries sched-
uled in the study period; immune system diseases; life expectan-
cy less than 6 months; systemic infections in place; and moderate 
or severe cognitive impairment.

A total of 30 patients were enrolled (12 males and 18 females) 
with an average age of 70.97 ± 6.52 years. All patients completed 
the study. Randomization into three groups was performed with 
a computerized procedure. Groups A, B, and C were formed as 
follows. Group A consisted of five males and five females, aver-
age age 70.90 ± 8.58, body mass index (BMI) average 28.90 ± 3.57; 
Group B consisted of three males and seven females, average age 
71.30 ± 5.12, BMI average 29.30 ± 2.41; and Group C consisted of 
four males and six females, average age 70.70 ± 6.07, BMI average 
29.10 ± 1.85.

Group A was treated with standard dressing, elastic compres-

sion, and REAC TO-RPR treatment. Group B was treated with 
standard dressing and REAC TO-RPR treatment. Group C was 
treated with standard dressing and elastic compression (Fig. 1).

Sample screening

The ulcers in the three groups of patients showed the following 
clinical history: Group A had lesions on average 9.90 months ± 
4.10 (three recurrent ulcers), Group B had lesions on average 10.20 
months ± 3.85 (four recurrent ulcers), and Group C had lesions 
on average 9.50 months ± 3.47 (two recurrent ulcers). In all the 
cases analyzed, the ulcer was located on the middle third (III M) 
or distal third of the leg (III D); specifically, Group A: 5 III M, 5 III 
D; Group B: 4 III M, 6 III D; and Group C: 4 III M, 6 III D.

For clinical evaluation of the lesions, we used a grid of the most 
salient features for description of the ulcer (Table 1). For each of 
these characteristics, we assigned a score from 1 to 4 (1 for the 
most positive aspect and 4 for the worst). The final score, obtained 
by the sum of the partial scores, determined the initial general 
state of the ulcer (minimum score of 10, indicating no presence of 
ulcer or ulcer healed, and maximum score of 38, indicating ulcer 
under severe adverse clinical condition). In detail, the initial av-
erage scores for the lesions were Group A: 25.10 ± 4.46; Group B: 
25.40 ± 5.06; and Group C: 25.20 ± 4.76.
 
Symptom assessment

For evaluation of pain, we used a visual analogue scale (VAS). In 
this scale, the absence of pain corresponded to 0 and the maxi-
mum pain corresponded to 10. The average value of the symptom 
pain at baseline according to VAS was 7.67 ± 0.58. For Group A 
initial average VAS = 8, for Group B initial average VAS = 7, and for 
Group C initial average VAS = 8.

Figure 1 | CONSORT flow diagram.
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Quality of life evaluation

To assess a patient’s QoL, the Civic 20 Q test was administered. 
This questionnaire analyzes aspects of the patient’s life, both so-
cial and psychological. Each patient independently completed 
the questionnaire every 2 weeks after starting treatment. Each 
of the answers to the questions in the questionnaire concerning 
pain, daily living activities, ability to sleep overnight, and frames 
of mind affected by the presence of the ulcer was assigned a score 
(from 1 to 5, with 1 representing the minimum perceived discom-
fort and 5 the maximum perceived discomfort). The minimum 
possible score was 20 (best referable condition) and the maximum 
possible score was 100 (worst referable condition). The results of 
the analysis of the total scores obtained from each test adminis-
tered at the start of the study (the average QoL scores at baseline 
according to Civic 20 Q) were Group A: 60.90 ± 15.08, Group B: 
60.90 ± 15.08, and Group C: 62.00 ± 16.22.

Body mass index

The BMI calculation for the three groups was Group A: BMI aver-
age 28.90 ± 3.57, Group B: BMI average 29.30 ± 2.41, and Group C: 
BMI average 29.10 ± 1.85.

Treatment procedures

This study used the biomodulation RAEC TO-RPR treatment. REAC 
TO-RPR is a non-invasive and painless treatment. REAC TO-RPR 
treatment includes a set of treatment protocols and is adminis-
tered by covering the area to be treated with a planar probe, which 
constitutes the asymmetric conveyer probe (ACP) connected to the 
REAC device.

This treatment is usually administered in multiple sessions per 
week, but in this study it was administered once a week, based on 
the replacement of dressings, for a total of 12 treatments of 15 min-
utes each. The REAC model device used in this study was BENE 
(ASMED, Florence, Italy).

The standard dressing for all groups consisted of cleansing 
with physiological solution, dressing with gauze impregnated 
with hyaluronic acid, and overlapping folded 10 × 10 cm gauze. 
The bandage for Groups A and C consisted of multi-layer compres-
sion bandaging with skinsaver bandage and cohesive overlaid.

Results

In this study, the reference healing time was set to 8 weeks, based 
on the time taken by 80% of Group C patients to heal (Fig. 2).

Table 1 | Clinical evaluation of the lesions.
Feature Clinical assessments and scores
Redness absent = 1 low = 2 moderate = 3 intense = 4
Heat absent = 1 low = 2 moderate = 3 intense = 4
Functional impairment absent = 1 low = 2 moderate = 3 severe = 4
Exudate absent = 1 low = 2 moderate = 3 abundant = 4
Smell absent = 1 low = 2 moderate = 3 intense = 4
Granulation tissue absent = 4 low = 3 moderate = 2 abundant = 1
Fibrinous floor absent = 1 low = 2 moderate = 3 abundant = 4
Infected tissue absent = 1 low = 2 moderate = 3 abundant = 4
Necrotic tissue absent = 1 low = 2 moderate = 3 abundant = 4
Wound bed flat = 1 excavated = 2

Figure 2 | Healing time of the three groups.



112

Acta Dermatovenerol APA | 2020;29:109-113C. Elio et al.

With the same dressing and elastic compression, the REAC TO-
RPR treatment for Group A resulted in halving the healing time for 
70% of the patients compared to Group C, and the LVUs in Group 
A patients healed within the 4th week, with an average healing 
time of about 20 days.

In Group B, where elastic compression was not applied, the 
combination of standard dressing and REAC TO-RPR slightly re-
duced the healing time, compared to Group C, where elastic com-
pression was applied.

These results, albeit preliminary, show that the best combina-
tion in the treatment of LVU is standard dressing and elastic com-
pression along with REAC TO-RPR treatment.

The symptoms of pain assessed by VAS gradually reduced in 
the three groups as follows. For Group A the pain disappeared af-
ter 9.40 ± 5.40 days, for Group B the pain disappeared after 12.00 ± 
5.14 days, and for Group C the pain disappeared after 12.60 ± 4.33 
days (Fig. 3a).

The three groups achieved minimum QoL scores at different 
timepoints. Group A achieved the result after 5.20 ± 4.34 weeks 
from the start of treatment, with 64% QoL improvement; Group B 
achieved the result after 6.20 ± 3.33 weeks from the start of treat-
ment, with 63% QoL improvement; and Group C achieved the re-
sult after 6.80 ± 4.34 weeks from the start of treatment, with 61% 
QoL improvement (Fig. 3b).

No side effects or adverse effects were detected in any group 
during the study.

Discussion

The chronic and painful nature of venous ulcers affects patients’ 
QoL and work productivity (20). In combination with the high 
costs of long-term therapies, this makes venous ulcers a major 
health problem, especially in developed countries, where the in-
cidence is highest (21).

The most widespread idea on the causes of chronicization of 
LVUs is that, once the ulcer is formed, various factors of a local or 
general type interfere with the tissue repair process, which seems 
to stop in the inflammatory phase (22). At this point, the cells un-
dergo progressive senescence and no longer respond to growth 
factors and cytokines, and consequently they are no longer able 
to start the mitotic process (23). In general, this concept is cor-
rect, but it does not take into account alterations of the EBF com-
ponents that can trigger and maintain LVUs (7, 24). Infectious, 
traumatic, and epigenetic factors can negatively affect EBFs. The 
inhibition of EBF signaling means that the electric charges tend 
to remain localized at the level of the lesion, causing the block-

ing or slowing down of the reparative and regenerative process-
es (2). This EBF alteration triggers processes that are commonly 
described as etiopathogenetic factors underlying LVUs. To try to 
counteract this mechanism in LVUs, we used a particular treat-
ment with REAC technology that was specifically designed to al-
low the restoration of EBFs as important regulators of cell behav-
ior (10–12) and accelerate the repair process of injured tissues (17, 
18). In fact, the epidermal morphology of chronic wounds differs 
from that of normal epidermis due to a dysregulation of signaling 
molecules related to a loss of cell polarity (25). In this study, we 
used REAC TO-RPR treatment. This treatment is usually adminis-
tered in multiple sessions per week; however, it was administered 
only once a week in this study, based on the replacement of dress-
ings and the scheduled periodic monitoring of patients, in order 
to make no changes to the treatment plan.

Evaluation of healing time showed that patients in Group A 
achieved faster healing than patients in Groups B and C, and that 
patients in Group C achieved healing more slowly than patients 
in Groups A and B. This suggests that the action of REAC TO-RPR 
treatment in combination with dressing and elastic compression 
contributed to expediting the wound healing process.

With respect to the symptoms of pain, patients reported a mean 
value of VAS of 7.67 ± 0.58, which was basically similar in all three 
groups. After treatment, all patients reported pain relief. How-
ever, the symptoms regressed differently in the three groups. Pa-
tients in Group A experienced more rapid disappearance of pain, 
followed by Group B, and finally Group C. This suggests that REAC 
TO-RPR treatment, in combination with dressing and elastic com-
pression, is more effective in reducing the components that ag-
gravate the pain in patients with venous ulcers. In fact, previous 
studies on the use of REAC technology have proven its ability to 
modulate neuronal circuits of pain (26).

Considering that psychosocial aspects are an important part of 
the treatment of venous ulcers, we wanted to investigate wheth-
er REAC TO-RPR treatment could affect a patient’s QoL. For this 
reason, we used the Civic Q20 questionnaire. Patients in Group 
A experienced overall improvement in the QoL, greater than the 
patients in Groups B and C, and it was attained in a shorter time. 
Patients in Groups B and C experienced less significant improve-
ment in QoL compared to those in Group A, and this was attained 
over a longer time.

The combination of REAC TO-RPR treatment with standard 
dressing and elastic compression achieved the best results among 
the three groups in this study, proving its efficacy as a therapeutic 
tool to improve the QoL of LVU patients. This randomized con-
trolled prospective study showed that REAC TO-RPR treatment, in 

Figure 3 | Time of a) pain reduction and b) quality of life (QoL) improvement in the three groups.
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combination with dressing and elastic compression, can acceler-
ate the healing process, reducing pain and improving the QoL of 
LVU patients.
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