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BACKGROUND: Transcutaneous electrical nerve stimulation (TENS)
consists of a generic application of low-frequency, pulsed electrical currents
transmitted by electrodes through the skin surface. It is a therapeutic
modality that is nonpharmacological, noninvasive, inexpensive, easy to
use and widely applied in clinical practice.

OBJECTIVE: To narratively review the scientific evidence of the effects
of TENS on tissue repair with respect to wound healing, skin flap viability
and tendinous repair.

METHODS: The study was conducted using the MEDLINE, Lilacs and
Scielo databases, without limit to the period of publication, and was com-
pleted in November 2011. Inclusion criteria were randomized or nonran-
domized, controlled or noncontrolled clinical trials, and experimental
trials involving rats subjected to TENS for tissue repair.

RESULTS: Thirty articles on tissue repair were found and, among these,
14 reported on wound healing, 14 reported on skin flaps and two analyzed
tedinous repair.

DISCUSSION: It was suggested that TENS stimulates skin wound heal-
ing and tendon repair, as well as the viability of random skin flaps. Such
effects may be due to the release of substance P and calcitonin gene-related
peptide, which would increase blood flow and, consequently, hasten the
events leading to tissue repair.

CONCLUSIONS: Based on the scientific evidence regarding the effects
of TENS on tissue repair, the findings of the present literature review were
inconclusive because data from the randomized controlled clinical trials
were insufficient to confirm such effects.
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Les effets de la stimulation nerveuse électrique
transcutanée sur la réparation tissulaire : une
analyse bibliographique

HISTORIQUE : La stimulation nerveuse électrique transcutanée (SNET)
désigne l'application générique de courants électriques pulsés a faible
fréquence transmis 2 travers la surface de la peau par des électrodes. Cest
une modalité thérapeutique non pharmacologique, non effractive, peu
coliteuse, facile a utiliser et largement appliquée en pratique clinique.
OBJECTIF : Procéder a l'analyse narrative des données scientifiques
probantes sur les effets de la SNET sur la réparation tissulaire en matiere de
guérison des plaies, de viabilit¢é du lambeau cutané et de réparation
tendineuse.

METHODOLOGIE : Létude a été congue a Paide des bases de données
MEDLINE, Lilacs et Scielo, sans limite pour la période de publication,
et a pris fin en novembre 2011. Les criteres d’inclusion étaient des essais
cliniques aléatoires ou non et contrdlés ou non et des essais expérimentaux
touchant des rats soumis & la SNET pour réparer les tissus.

RESULTATS : Les chercheurs ont trouvé 30 articles sur la réparation tis-
sulaire et, de ce nombre, 14 traitaient de la guérison des plaies, 14 des
lambeaux cutanés et deux des réparations tendineuses.

EXPOSE : Il a été postulé que la SNET stimule la guérison des plaies
cutanées et la réparation des tendons, de méme que la viabilité des lam-
beaux cutanés pris au hasard. Cet effet serait causé par la libération de la
substance P et du peptide lié au géne calcitonine, qui accroitrait le débit
sanguin et, par conséquent, accélérerait les événements responsables de la
réparation tissulaire.

CONCLUSIONS : D’apres les données scientifiques probantes sur les
effets de la SNET sur la réparation tissulaire, les résultats de la présente
analyse bibliographique n’étaient pas concluants puisque les données des
essais cliniques aléatoires et controlés n’étaient pas suffisantes pour con-
firmer ces effets.

Transcutaneous electrical nerve stimulation (TENS) consists of a
generic application of low-frequency, pulsed electrical currents
transmitted by electrodes through the skin surface (1-6) to stimulate
the peripheral nerves to produce various physiological effects (7).

It is a nonpharmacological, noninvasive, inexpensive, easy to use
and widely applied therapeutic modality used in clinical practice
(1-4,8). The common electrical pulses emitted by TENS devices are
described as monophasic rectangular, balanced asymmetrical biphasic
rectangular, or symmetrical biphasic rectangular; the biphasic pulses
are the most commonly used (9-12).

The first TENS units were developed (6) and soon became popular
after the publication of the gate control theory of pain postulated by
Melzack and Wall in 1965 (13). According to this theory, the activa-
tion of large-diameter afferent fibres (A-beta fibres) activates local
inhibitory mechanisms in the dorsal horn of the spinal cord causing
the presynaptic inhibition of nociceptive afferent fibres (A-delta and
C) (2,6,7,14,15).

Since 1965, TENS has become known worldwide and is also con-
sidered to be one of the most common therapeutic resources used in
clinical practice for the relief of chronic and acute pain. However, in
recent decades, some authors have observed that, in addition to its

analgesic effects, TENS can alter skin temperature and increase blood
flow (2,7,14,15). This observation led many studies to focus on the
effect of TENS on the peripheral vascular system, showing increases in
blood flow (16) and, therefore, possibly facilitating tissue repair.

The purpose of the present narrative review is to describe the sci-
entific evidence regarding the effects of TENS on tissue repair with
respect to wound healing, the viability of skin flaps and tendinous
repair.

METHODS
The review was based on indexed scientific articles found in the
MEDLINE, Lilacs and Scielo databases without limit to the period of
publication. The present study was completed in November 2011.

The search strategy was performed using the the following medical
subject heading terms: “transcutaneous electric nerve stimulation”,
“wound healing”, “Achilles tendon” and “surgical flaps”. These head-
ings were crossed with the Boolean operator “AND”.

The inclusion criteria were randomized or nonrandomized, con-
trolled or noncontrolled clinical trials, and experimental trials involv-
ing rats subjected to TENS for tissue repair.

Research articles that discussed the use of electrical currents but
did not characterize TENS were excluded.
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RESULTS
Thirty articles on tissue repair were found, 14 of which reported the
effects of TENS in wound healing, 14 on skin flap survival and two on
tendinous repair.

DISCUSSION

Skin wound healing

At the top of the pyramid of scientific evidence are systematic reviews
and meta-analyses, which comprise the most valid, reliable studies that
produce knowledge. These are the randomized controlled clinical trials
that involve thousands of patients and limited data collection known as
‘mega trials’ (17-19). In contrast, at the base of the pyramid are experi-
mental studies involving a clinically or surgically induced model (17-
19). These models offer an understanding of the various processes that
may occur in the target tissue, providing microscopic analyses that are
not always possible to perform in human subjects (17).

Surgically induced models have been used to assess the effects of
electrophysical resources in tissue repair (3,9-11,20-28). However,
among the 14 articles (23,29-39) found reporting on the use of TENS
in wound healing, only one described an experimental study involving
rats (23). This fact makes it difficult to know what cellular events are
responsible for the results obtained in tissue. Therefore, the import-
ance of initiating research in experimental models should be empha-
sized because these are the primary studies required to analyze
immunohistological variables in tissue.

Some of the effects of TENS on various types of skin lesions include
the repair of diabetic ulcers (29,33-35,37), chronic leprous ulcers (32),
pressure ulcers caused by spinal cord injuries (36,40), chronic venous
ulcers (39) and in stump healing after major lower limb amputation (31).

The main adjusted parameters were frequency and current ampli-
tude, and duration of application. The current modulation ranged
between a low frequency of 2 Hz (29,31,32,34,39) and high frequency
of between 80Hz (33) and 100 Hz (38). The current amplitude was
adjusted between 0 mA and 70 mA, with muscle contraction in
patients with diabetic neuropathy (37-39); from 10 mA to 15 mA in
intact skin and blister wounds in healthy volunteers (38); and ranging
from 20 mA to 45 mA for the healing of chronic venous ulcers (39).
Regarding the duration of application, there was a large discrepancy: in
the clinical studies, duration ranged from 20 min (33,34) to 2 h (40),
whereas the experimental studies used a duration of only 1 min (23).

All clinical studies showed significant differences in wound healing
using TENS, with reductions in wound sizes of up to 60% compared
with the control group (35), increases of 35% in blood flow in ulcers
and 15% in the intact skin surrounding the ulcer (39). In addition,
TENS provided faster healing following foot amputation, decreased
the number of re-amputation cases in individuals with diabetes and
relieved pain during stimulation (31).

Khalil and Merhi (23) performed the only experimental study on
TENS and wound healing. The authors evaluated sensitive nerve
function using low-frequency TENS (5 Hz) for 1 min in young and old
rats, applying it to the sciatic nerve to accelerate tissue repair. It was
observed that the use of low-frequency TENS increased vascular
response and was effective in skin wound healing, not only in young
rats but also in the older rats, in seven days. This single animal study
suggests the promise of TENS for skin wound healing, and that it may
be the result of an increase in blood flow. Of course, these data cannot
be extrapolated to humans.

However, disagreements in the literature remain with regard to the
increase in blood flow and skin temperature. Some studies have shown
that TENS significantly increases skin temperature with low- (2 Hz to
4 Hz) (14,41,42) and high-frequency (75 Hz to 100 Hz) TENS
(43,44), and in local blood flow with low (41,42,45-47) and high fre-
quencies (16,44). On the other hand, other authors did not observe
any significant increase of blood flow (48) and skin temperature
(16,46) with the use of TENS.

According to the findings, greater effectiveness of low-frequency
TENS was observed (14,38,45) due to an increase of 40% and 12% of
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local blood flow in low (2 Hz) and high (100 Hz) frequencies, respect-
ively (38). However, to date, this is the only study that compared the
effects of different frequencies of TENS, revealing the lack of consen-
sus in the literature on which one would present more satisfactory
results in increasing blood flow. Additional studies are necessary to
compare the effects of each TENS frequency on tissues.

In older rats, Khalil et al (24) reported that the neurogenic vascular
response to release specific sensory neuropeptides depends on the type of
frequency applied (ie, low-frequency TENS [5 Hz] releases calcitonin
gene-related peptide [CGRP] and, in high-frequency [15 Hz], substance
P [SP]). In turn, the SP and CGRP neuropeptides have a strong vaso-
dilatory action and promote beneficial effects on wound healing in soft
tissues (49). Thus, it is suggested that vasodilation produced by TENS
can be related to the local release of neuropeptides.

Current amplitude also has some influence on blood flow because
when the amplitude exceeded 25% of the motor threshold, there was
a transient increase in local blood flow (16,47); however, when low
intensity was applied, it produced little or no increase in blood flow.

An increase in skin temperature has also been associated with
analgesia when TENS was used in patients who experienced chronic
pain in the extremities. Pain relief was observed in the stimulated and
contralateral limb when there was an increase in skin temperature,
whereas the pain persisted in individuals whose skin temperature did
not change. The analgesic effect was possibly the result of reduced sym-
pathetic activity, which induces vasodilation and relieves pain (43).

Therefore, it is suggested that TENS increases blood flow, thereby
stimulating the healing of various types of wounds. However, there is
no consensus regarding its influence on the increase in skin temper-
ature. Further investigation is necessary to associate increased skin
temperature with the other effects of TENS such as analgesia,
increased blood flow, tissue repair and sensory response. In addition,
the combination of TENS parameters — frequency and amplitude —
should be verified due to the probable joint action on the increase of
blood flow and, consequently, improvement in tissue repair.

Viability of skin flaps

Given that TENS may have beneficial effects on wound healing, its
use can also minimize ischemic complications in skin flaps, which fail
in treatments in the scope of plastic surgery (3).

The effect of TENS on the viability of skin flaps has been more
extensively studied than its effects on wound healing because most
studies on the viability of skin flaps are experimental and have used rat
models. Using histological and histochemical methods to examine cel-
lular responses, a total of nine experimental studies on TENS applica-
tion in skin flaps were found (1,3,9,10,22,25-28). Only five studies
investigating the survival of skin flaps using macroscopic analysis of
necrosis area and other postoperative signs and symptoms in human
subjects were found (11,15,21,33,50).

Regarding TENS parameters, frequencies ranged between low (2 Hz)
(3,9,22) and high (70 Hz [15], 80 Hz [1,9,10,20,22,25,27] and 90 Hz
[11,21]). The shortest application time was 1 h (1,3,9,15,25,26) and
the longest was 2 h (11,21).

With regard to the current amplitude used in experimental studies,
TENS achieved better results when it was applied with high amplitude
ranging between 15 mA (1,3,27) and 20 mA (9); however, in humans,
patient sensitivity was used to determine the level of stimulation (11),
with an amplitude of 2 mA demonstrating beneficial effects on the
viability of postmastectomy skin flaps (15).

It was not possible to determine the number of TENS applications,
which ranged from approximately two times per day in the postopera-
tive (PO) period (11) to once a day for five days starting on the first
PO (15) day or until there was a significant decrease in the signs of
ischemia (21).

The literature was unanimous in reporting statistically significant
improvement in the viability of random skin flaps in rats as well as in
humans. However, studies that used high-frequency TENS obtained
more satisfactory results compared with the low-frequency TENS (22)
and control groups (15).
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Significant increases in blood flow in skin flaps were demonstrated
by using laser Doppler flowmetry with the application of TENS
(9-11,20). This increase can last for approximately 10 h (11) and
reduced ischemia, which may cause necrosis of surgical flaps. In addi-
tion, the significant decrease in necrosis and ecchymosis demonstrated
by Atalay and Yilmaz (15) supports the action of TENS in the micro-
circulation, probably not only by its vasodilatatory action with
increased skin-blood irrigation, but also with increased venous and
lymphatic flow, with decreases in stasis, swelling and bruising. In con-
trast, only Jenbeck and Daslgaard (50) observed that the increase in
blood flow was more effective in three patients with ischemic flaps
receiving intravenous CGRP compared with individuals who were
subjected to TENS.

TENS can be used as an alternative to drug therapy in the PO care
of plastic surgery patients because it does not produce systemic effects,
but only rare cases of skin allergies caused by the self-adhesive elec-
trodes (20,21). TENS also produces similar effects by decreasing flap
necrosis (3,15,25,27,28) and can be safely applied (15).

Tendinous repair

The use of TENS in tendon healing is a new field of exploration.
Recent research has investigated the effects of burst TENS on Achilles
tendon healing.

Two studies (49,51) investigated TENS in 20 patients who
acquired sports-related Achilles tendon injuries. Treatment with burst
TENS was performed five days per week during the second and third
weeks of PO care. The following parameters were used: burst TENS
with a pulse train duration of 300 ms, internal frequency of 100 Hz,
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