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Frequency Rhythmic Electrical Modulation System

in the treatment of diabetic ulcers

Preliminary encouraging report

A. MARGARA, F. BORIANL E D. OBBIALERO, M. A. BOCCHIOTTI

Aim. Skin uleers often accompany neuropathy and vascular com-
promise in what is known as diabetic foot. In the literature no
mention of electric stimulation is given in the guidelines for dia-
betic foot management, usually consisting of wound dressing and,
if necessary, reconstructive sirgery. The aim of this study was to
assess the effectiveness of Frequency Rhythmic Electrical
Modulation System (FREMS) in assocnatmn with the tradition-
al treatment of diabetic foot.
Methods. Thirty patients suffering from dlabetlc foot were divid-
ed into 2 groups. Group A (16 patients) was treated with FREMS
- in asseciation with classical therapy, whereas group B (14 patients)
. underwent only the traditional treatment, consisting of wound
- dressing, Ulcer size was measured three times during a two-month
_observation period.
" Results. The wound shrinking vate was s:gmf‘ cantly higher in
group A, at least at first and second measgrement (P<0.03).

Conclusion. Even though the number of patients studied is lim- -

ited, FREMS has shewn to be of seme benefit in the treatment of

diabetic foot. This therapy accelerates wound healing and reduces

. pain associated both to ulcers and to diabetic neuropathy. If the

. clinical findings reported by the authors are confirmed by stud-
ies on larger series of patients, FREMS can be proposed as a use-
ful device to’combine with classical treatment of diabetic foot.
KEyY worps: Skin alcer - Digbetic foot - Electric stimulation -
Diabetes.

kin ulcers-are a'very common dizbetes-related comphi-
| cation that mostly involves the foot. Aetiologic factors are
the local neuropathy that interferes with pain sensation, the
peripheral vascular disease and the immunocompromise
. which both contribute to a less efficient wound healing.
Arecentstudy ! has created a multidisciplinary, evidence-
based, clinical guideline for the assessment, investigation
and management of acute diabetes related foot complica-
‘tions. It distinguishes the four principal causative factors
(neuropathy, vascular compromiise, ulceration and infection)
in the development of acute diabetes foot-complications and
suggests, within the clinical gnideline, a specific classifica-
tion system, which codes for the severity of the four patho-
physiologic factors.
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Electric stimulation was proposed 30 years ago as a valid
solution for uicer treatment especially for some pathologies
caused by microvascular dysfunction or in case of resmtance
to the traditional therapy.2-#

Relevant results were obtained in diabetic pauents in whom
perfusion of ischemic areas and ulcer healing were achieved.® 10

A recently described technique of treatment for diabetic
foot is Frequency Rhythmic Electrical Modulation System
(FREMS) whose effectiveness has been proven for the dia-
betic neuropathy.!! Its ‘action is based on angiogenesis and
vasomotion as well as anti-inflammatory effect. Hence we
hypothesized that FREMS could be of benefit also for dia- -
betic ulcers and therefore assessed this therapy in a cohort of
patients treated by us. Traditional treatment of diabetic ulcers
of foot consists of medical management by means of dressings,
antibiotic and vacuum-assisted closure or surgical approach
including debridement and reconstruction through skin grafts
or flaps.’#-17 By combining FREMS to tradltlonal medical
therapy we sought whether this association could improve
wound healing, compared to the only traditional therapy.

Materials and methods

‘We gathered 30 patients suffering from diabetic ulcers to
the feet and divided them into two groups; group A consist-
ed of 16 patients (9 males and 7 wormen) treated with FREMS
in association with traditional therapy for ulcers. Group B
instead counted 14 patients (8 men and 6 women) treated
with traditional therapy only. We excluded from the study all

the patients presgnting infection of the ulcer. Table [ pre-

sehits the charactdristics of patients in group A and B.
Classical treatment consisted of wound dressings once a

“week or more frequently, based on single patient’s need.

Type of dressing and frequency of changes were chosen in
accordance with the guidelines for ulcer treatment utilized in -
our hospital, foliowing National Pressure Ulcer Advisory
Panel advice.18-20
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TaBLE L—Characteristic of patients at baseline.

N Group A Group 8

Number of patients | 16 .14
Sex

Males 9 8

Females 7 6
Age (years) 67.3x4.3 64.65=3.6
Duration of diabetes (years) 16.4+2.8 15.9+3.2
Type of diabetes (type 1/type 2) 5/11 6/8
Diabetes therapy (msulm oral agents) e 9/5
Ulger initial surface (cm?) 8.075£2.36 8.012+2.23
Uleer stadium III* 11 10
Ulcer stadium I'V* .o 5 4

*National Pressure Ulcer Advisory Pane! classification.

FREMS is based on a series of biphasic, asymmetric, elec-
trically balanced pulses that are studied and combined for a
specific biophysical treatment throught a multiparametric
modulation (frequency, pulse duration, amplitude) of the
provided electrical spinal.

The range of amplitude set-up ytilized is between ¢ and -
300V with high negative potential, amplitude variable
between10 and 40 rmcroS and frequency ranging from 1 Hz
- and 1KHz.

- Different frequencies produce different effects on the cell
{proliferation, QI‘OWth factors stimulation, ant1m1cr0b1c
effect) 2,3,21-25 .|

FREMS apphea’uons is made by speeiﬁc and dedlcated
superficial single use elecirode with high conductivity.

FREMS was administered throuOh 30 minute-sessions
every other day, for one month, i.¢ each patients from
group A underwent a total amount of 15 sessions.

- Electrodes were applied at the perimeter of ulcer (Figure

- 1), according to several schemes of electrode positioning,
to be akternated at each session. Further electrodes were
placed dt determined sites of both leg for prevention of

“further uleer developing.

Ulcers from either group were measured with Iecrard to size
of wound at determined times. Pain and local redness were

. also regularly assessed but as they are parameters not easily

measurablein ob_]ectwe way, no statistics were performed on

those values.

Data were collected at the beommng, after 30 days (130), cor-
responding to 15 sessions of FREMS, 45 days {T43) and 60 days
(T60} after the beginning of therapy. We assessed the obtained
results by measuring the lcer surface and calculating the healed
.+ portions. We evaluated the differences in wound shrinking
: between the two treatments using the Student’s t test.

ﬁesults

- After only acycle of FREMS therapy on the experimen-
tal group, we found that ulcer improvement was significant-

ly higher, compared to that of patients from the control group,

treated in the meantime with only wound dressings.

We compared the degree of wound shrinking between the
two groups at T30, T45 and T60. At T30 and T45 we found
out that the wound shrank significantly more in group A than
in group B. -
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Figure 1.—Example of electrode positioning on the dorsumn of a diabetic
faot. .

In group A at T30 the wound shrmkmg mean ratio towards

“initial size was 0.33+£0.22, at T45 0.65+0.14 and at T60

0.93£0.11. In group B the same values were respectively
0.14+0.10, 0.51+0.14 and 0.83£0.15.

AtT30 and T45 the degree of wound healing obtained in
patients treated with FREMS was mgmhcautiy higher than
that achieved by simple dressings (P<0.05). en the other
haad at T60 this significant d1fference was not obtained
(P>0.05) (Figures 2-4)

Discussion

Although our study is based on a restricted number of
cases, FREMS therapy has been proven to be efficient and
safe for treatment of diabetic ulcers of the foot.

With regard to the mechanism of action producing the
described benefits, it was not in the aim of our study and
consequently it was not investigated. Some previous studies
showed how this therapy yields some effects on local cir-
culation and directly on cells. The application of electric -
currents below the muscular contraction threshold improves
perfusion of ischemic tissues,? by promoting angiogenesis
27 and increasing capillary densny Electric stimulation con-
tributes.to the mechanism of tissue repair by acting on
endothelial dysfunction and stimulating the production of
growth factors,28- 2 endothelin-1 (ET-1) and nitric oxide
(NQ).20.31 Electric stimuiation intervenes on the unbalance
between vasoconstrictor and vasodilator substances.

With regard to the action on cells, electric ficlds can move
electric charges, present in human tissues-as ions and through
these can act on the cell membrane potential, thereby altering
the physiclogic, metabolic and immunologic functions of sev-
eral types of cells.32 The cellular activity, in fact, is strictly
related to the variation of membrane potential and conse-
quently to thg stimuli that can induce depolarization or ripo-

* larization.2! The biologic effect induced by electric fields on cells

is strictly dependent on the technical parameters of the signal
utilized, such as intensity, potential and frequency. The appli-
cation of negative currents appeared particularly relevant for
wound healing, as they induce important biologic effects, such
as an antinnicrobic action,?2 a reduction of the inflammatory
phase with local decrease of nentrophils 22 23 and
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Figure 2.—Diabetic ulcer in calcaneal region at time TO (patient from
Group A). ’

macrophages,?? a stimulating effect on the cells invelved in
the reparative phenomena (epithelial cells, fibroblasts and

myofibroblasts),?’ 24 25 and an-increase of the proliferative

-phase on such celis.z?
Some preliminary studies proved that FREMS is capable
of intervening on pathology of peripheral vessels 1! through
" graplificaticn of vasomotion on microcirculation, foliowed by
an improvemeni of respiratory gas exchanges. In fact the
* electric signals transmitted by this device produce an impar-
" tant biochemical interaction with peripheral deep tissues,
thereby determining synthesis and release of growth factors,
such as vascular endothelial growth factor (VEGF),3? basic
fibroblastic growth factor (b-FGF), platelet derived growth
factor (PDGE) and epithelial growth factor (EGF), well
known as regulators of tissue regeneration and angiogenesis.
" FREMS plays an anti-inflammatory role on tissues, with
reduction of oedema, either for direct action on the immu-
- nitary system (long term effect), or by a modulation of spe-
cific cytokines, such as INF-c¢ and TNF-¢t and by lymphat-
ic drainage (immediate effect). Such actions allow a remark-
-able reduction of pain.tt 33 It is likely that FREMS, by improv-
ing the local trophism of tissues can provide a valid support
to the treatment of ulcers and reduce the healing times for dia-
betic foot.3* In patients suffering from diabetic foot it has
been observed that FREMS eases production of granulation
tissue and healing; or at least shrinking of plantar ulcers.33.36
Chronic wounds, such as diabetic ulcers of the foot, are sus-
ceptible of being treated with many therapies, including dress-
ings, debridemerit/irrigation, pressure-relieving devices, hyper-
‘baric or topically applied oxygen, whirlpool/pulsed lavage,
ultrasound, topical antibiotics, and cytokines or growth fac-
tors. All said therapies except antibiotics and cytokines are
" physical interventions capable of improving the wound envi-
ronment and thereby easing ulcer healing. Nevertheless in
many cases tissue repair is very slow or absolutely absent,
despite operators’efforts. The rationale for use of Electric
Stimulation is based on the human endogenous bio-electric
system that promotes wound healing37.333°. When this endoge-
nous system is unable to promote tissue repair pheromena, an
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Figure 3.—Diabetic ulcer in calcaneal fegion at time T30 (patient from
Group A}. ’

Figure 4 —Diabetic ulcer in calcaneal :_regioh at timme T6O (patient from

Group A).

external source of electric currents can replace it, so that wound
healing processes are still simulated. FREMS, by simulating
the failed natural bicelectric fields, induces a galvanotaxic
attraction into the wound of several cells, such as neutrophils,
macrophages, fibroblasts and epidermal cells. This facilitates
granulation tissue formation and accelerates wound repair.

Conclusions

We therefore conclude that FREMS therapy appears as a
useful device to combine with the other treatments utilized
for diabetic foot. If the clinical findings found by authors
are confirmed by larger series of cases, FREMS will be 2
new effective actor in the treatment of diabetic foot.

Riassunto

Sistema di neurostimolazione elertrica multiparametrica, modulate
in frequenza, durata dell’impulso e nel tempo per if traiiamento del-
le ulcere diabetiche. Dati preliminari incoraggianti

Obiettivo. Le ulcere cutanee accompagnane spesso la compromis-
sione vascolare e la neuropatia che caratterizzano il piede diabetico.
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(R
Nella letteratura scientifica non vi‘sono dati sulla stimolazione elet-

16.
trica nelle linee guida per la gestione del piede diabetico, che gene-
ralmente prevedono la toeletta chirurgica e, se necessario Iinterven-
to chirurgico ricostruttivo, L' obiettivo di questo studio & stato quel-  17.
lo di valutare I'efficacia della stimolazione elettromagnetica a modu-
lazione di frequenza (Frequency Rhythmic Electrical Modulation
System: FREMS) in associazione al trattamento tradizionale del pie- 18-
de diabetico.

Merodi. Un gruppo di pazienti con piede diabetico & stato suddi- 19
viso in 2 sottogruppl. I Gruppo A (16 pazienti} & stato trattato con )
-FREMS in associazione con la terapia classica, mentre il Gruppo B
(14 pazienti) & stato sottoposto solo al trattamento tradizionale, con-
sistente nella toeletta chirurgica. Le dimensioni dell’uleera sone sta- — 4q.
te misurate per tre volte durante un periodo di osservazione di due mesi. 97
Risultati. Lariduzione percentuale delle dimensjoni della feritag .
stata significativamente maggiore nel Gruppo A, almene per quanto 22,
riguarda la prima e la seconda misurazione (P<0,05).
Conclusioni. Sebbene il numero di pazienti studiato sia limitato,
la FREMS ha evidenziato una certa efficacia nel trattamento del pie-  23.
de diabetico. Questa terapia accelera la guarigione della ferita e ridu-
ce il dolore associato sia all'ulcera ¢he alla neuropatia diabetica. Se
i dati clinici riferiti dagli Autori saranno confermati da studi esegui- 24
ti su'casistiche pil ampie di paziéniti, la FREMS potra essere propo-
sta come unc strumento utile da combmare con il trattamento classi-
co del piede diabetico. : 2.
PAROLE criravg: Ulcera cutanea - Plede chabenco Stimolazione elet-
trica - Diabete. 26.
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