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INTRODUCTION

Modalities such as electrotherapy have been used for years to treat pain. Among them, the application of
transcutaneous electrical nerve stimulation (TENS) is among the leading options for this type of treatment (MONTENEGRO et
al., 2010). The TENS can be defined as a current that produces electrical impulses, often between 0 and 200 Hz, and aims to
influence and modulate pain processes neuroconduction (RUSHTON 2002; CHEING e HUI-CHAN, 2003).

Itis also found in the literature, the frequency of current used in TENS is related to the specific mechanism of analgesic
action ((RAIMUNDO et al., 2009). The high-frequency TENS acts on a sensory level, activating pain behavior, since the low
frequency, has action on the motor level, due to the release of endogenous opioids (BARBOSA et al., 2003). These theories
described by Melzack & Wall, in 1965, and Woolf et al. In 1977, respectively.

The burst TENS can be considered as a mixture of Acupuncture TENS (high intensity and low frequency), with the
conventional (low and high frequency). The burst mode of operation works with individual pulses of high frequency (40 to 150 Hz),
distributed in trains of low frequency, repeated 1-5 times per second (LOW; REED, 2002). The pulses range from 1 to 10 Hz with
pulse duration ranging from 100 to 200 ps, and are felt as a single stimulus by the patient (SCORZA et al. 2008).

Despite having been popularized as a resource for the induction of analgesia, are the numerous controversies
aboutits real benefits, and little is known about the effect of using burst TENS on pain relief (SCORZAet al., 2008).

The cold stimulation is a simple method with minimal risk of tissue injury and without persistence of pain after the end
of stimulation. During this procedure, a sense of unease is generated by thermoceptors skin, which send stimuli can damage
tissue by peripheral routes (A-delta fibers and C) and central (spinothalamic and espinoreticular), resulting in an unpleasant
sensation induced by cold (MORIMOTO etal., 2009).

For these reasons, the aim of this study was to investigate the influence of the use of TENS burst on the
change in pain threshold induced by hypothermia immediately after application, 20 minutes and one hour after application, using
for such a analysis of the pain threshold (in seconds) and pain intensity by visual analog scale (VAS).

MATERIALS AND METHODS

This study was characterized as crossover trial, quantitative, randomized, double-blind design model of pre-and post-
treatment and was approved by the Ethics Committee on Human Research of the State University of West of Parana
(UNIOESTE) atnumber 244 /2011.

Sample Characterization

The sample consisted of 18 volunteers, healthy men and women, mean age 20.85 + 2.98 years (18 and 23 years). The
inclusion criteria were: willingness to participate in assessments and tests in the days and times pre-determined. The not
inclusion criteria were: present dominant upper limb injury, diabetes mellitus, skin tumors, abnormal skin sensation, diseases that
could compromise cognition and hypersensitivity to cold. Exclusion criteria were: having no sense of discomfort in the cold
stimulation period to quantify the VAS to 0 to level of discomfort from the cold.

Evaluation Protocol

After the formal invitation and be clear about the objectives and procedures of the study, volunteers underwent a
screening assessment to record data and to identify possible factors not included. After having verified the eligibility for the study,
subjects signed an informed consent, and underwent two treatments in random order during successive periods, with a minimum
interval of twenty-four hours.

Then all subjects were evaluated to check for cold stimulation discomfort threshold was performed as follows. Initially,
the volunteers immersed their dominant hand, and with outstretched fingers extended vertically up to the elbow in warm water
(37° C) for 5 min, so that is an adaptation and create a homogeneous sample. The water was heated to 37° C with the aid of water
heater unit whirlwind, with temperature control achieved with the aid of a mercury thermometer brand Incoterm® model L225/07.
After five minutes, the patientimmersed in the same way his hand in a container of cold water, with an average temperature of 2°
C during the period of 30 seconds (held the temperature control with the help of thermometer and where necessary, added to ice
water to thermal levels remain in the desired range). Since the elapsed time (in seconds) until the appearance of discomfort was
recorded as the measure of pain threshold. At the end of that time the person withdrew the hand of the container, and quantified
the discomfort by visual analogue scale (VAS).

Treatment Protocol

For treatment we used the TENS device four channels Bioset®, with two electrodes dimensions of 2x4cm that were
placed on region of the median nerve in the supracondylar region, and on the ulnar nerve, also in the supracondylar region. The
parameters used for the delivery of current were still in burst mode stimulation, lasting 200 ps phase, for 15 minutes, the intensity
was increased until the motor threshold was reached, reaching the highest level before it becomes painful. To reduce the
resistance to electrical current, the participant's arm was cleaned with alcohol prior to electrode placement, which were attached
to the patient lubricated with water soluble gel.

For the placebo stimulation, subjects were led to believe they were being subjected to a treatment of microcurrent
electrical stimulation, in which there would be no form of tingling sensation or muscular contraction. It was explained to the group
that microcurrent works with very low intensities, with great power of analgesia and is not noticeable (without vibratory sensation).
The electrodes were placed, and the device connected, but no electrical current was being transmitted.

Immediately after the application, the participants were reevaluated making new immersion of a new member and
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quantifying the discomfort of cold, the same way as mentioned above. After 20 minutes and 1 hour of completion of electrical
evaluations were repeated.

Statistical Analisys

The variables of this study were collected values for the cold pain threshold and VAS. To verify the Gaussian
distribution of the variables, we applied the test of Kolmogorov-Smirnov normality. In addition to descriptive statistics as means
and standard deviations, intragroup comparisons of this work were performed by repeated measures ANOVA and Tukey's test.
The intergroup comparisons were analyzed using the paired ttest. In all cases the level of significance was p-value <0.05.

RESULTS
In intragroup comparison, related to the evaluation of discomfort threshold to cold, there were not significant
differences (p>0.05) in any of the times for the comparisons of values in GT and in GC (Fig. 1).
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Figure 1. Pain threshold to cold for the treatment group (TG) and control (CG), at different moments of evaluation (EV)

In intragroup comparison of the values obtained of VAS for the GT decreased significantly for comparisons AV1 vs.
AV3, AV1 vs. AV4, AV2 vs. AV3, AV2 vs. AV4 to the group submitted to TENS intervention. For comparison of VAS values for the
GC were not significant differences between the evaluations performed (Fig. 2).
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Figure 2. Visual analog scale of pain for cold treatment groups (TG) and control (CG). ® a significant difference with
GTAV1, * significant difference compared to GTAV2

For intergroup evaluations, no significant differences (p> 0.05) for comparison between the placebo group and
treatment group in times of pre-intervention (EV1), immediately post-intervention (EV2), twenty minutes after intervention (EV3)
and one hour after the intervention (EV4), both for the evaluation of discomfort threshold to cold and to the values obtained from
the VAS.

DISCUSSION

Studies' dating back to the 70's already reported the effects of current TENS on acute and late pain. These studies
were initiated in order to explain the influence of such equipment on the various algesic processes (GREGORINI et al., 2010).

Rodrigues-Bigaton et al. (2008) argue that low-frequency electrical stimulation (burst) produces muscle contraction,
and thereby promotes the release of endogenous opioids and increases arterial blood flow to the area stimulated, generating
greater analgesia. Thus, the motor level stimulation is effective in the modulation of clinical and experimentally induced pain.
Sluka and Walsh (2003) observed that the use of TENS as burst causes a transient increase in blood flow in the area of
stimulation. In a review of the literature on the effectiveness of TENS on the various algesic types. Pena, Barbosa and Ishikawa
(2007), concluded that the experiments interpreted as effective, ineffective outweigh, suggesting that TENS should be
considered as an adjuvant analgesic therapy pain control.

This study quantitatively, crossover trial, aimed to evaluate the effect of TENS applied for 15 minutes on the pain-
induced threshold and pain intensity to the cold. It was found that transcutaneous electrical nerve stimulation in burst mode, is
able toimprove the results obtained with the VAS in healthy subjects, but produced no change to the start time of discomfort, such
as found in a study performed by Montenegro et al. (2010), who found no significant difference in these values.

We chose to work in the crossover study design, because it eliminates the variation between participants in response
to treatment, since this type of study treatments are assigned to all individuals. Furthermore, this design provided a decrease in
sample size required to test the treatment methodology adopted in this research.

Johnson (1998) evaluated the effects of different frequencies of TENS on pain cold-induced, found no significant
difference with respect to experimental pain by men and women. Based on these results it can be stated that the collection held
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with both sexes in this study can not be regarded as a form of bias to the results obtained.

Studies claim that the treatment time for conventional TENS should be less than 30 minutes and that for treatment with
acupuncture TENS treatment should have an average of 20 minutes (JOHNSON, 2003). This may have been a factor for the
failure to obtain positive results for the cold pain threshold observed in this work, since the burst mode TENS can be considered
as a blend of conventional acupuncture and TENS.

Mello, Nobrega and Lemos (2011), in a review of nine studies found no significant difference in the use of electrical
stimulation on the relief of labor pain or the need for additional analgesia, however observed statistically significant evidence
about the desire of the mother TENS to use in future labors. Suggest then that TENS therapy is effective to increase the subjective
pain threshold, as observed in this study when we assessed nociception with VAS, in which there was a reduction of exposure to
cold.

To carry out further studies to verify the influence of burst mode TENS on pain threshold induced by cold, it is
suggested that treatment protocols are used over time to 20 minutes, aiming to better efficiency in the mechanism of action.
Moreover, itis suggested to be used different age groups and individuals with musculoskeletal pain-producing diseases.

CONCLUSION

Observed in this study, the burst mode TENS application did not generate changes in pain threshold induced by cold.
However, there were changes in the level induced by nociceptive stimulation of the cold, as pointed out by the results obtained
with the VAS, indicating analgesic action of TENS in the medium term.

REFERENCES

AINSWORTH, L.; BUDELIER, K.; CLINESMITH, M.; FIEDLER, A.; LANDSTROM, R.; LEEPER, B. J.; LEANN, M
MUTCH, S.; O'DELL, K.; ROSS, J.; RADHAKRISHNAN, R. SLUKA, K. A. Transcutaneous electrical nerve stimulation (TENS)
reduces chronic hyperalgesia induced by muscle inflammation. Pain, v.120, n.1-2, p.15-19, 2006.

BARBOSA, G.A.S.; BARBOSA, K.V. M. S.; BADAROF.C.R.; NEVES F.D.; NETOA. J. Recursos fisioterapicos para
o tratamento das disfungdes temporomandibulares. Jornal Brasileiro de Oclusao, ATM e Dor Oromiofacial. v.11, n.3, p.257-
262,2003.

CHEING, G. L. Y.; HUI-CHAN, C. W. Y. Analgesic effects of transcutaneous electrical nerve stimulation and
interferential currents on heat pain in healthy subjects. Journal of Rehabilitation Medicine, v. 35, p.182-187, 2003.

GREGORINI, C.; CIPRIANO JUNIOR, G.; AQUINO, L. M., BRANCO, J. N. R.; BERNARDELLI, G. F. Estimulagéo
elétrica nervosa transcutanea de curta duragéo no pos-operatorio de cirurgia cardiaca. Arquivo Brasileiro de Cardiologia,
v.94,n.3,p.345-3512010.

JOHNSON, M. I. Acupuncture-like transcutaneous electricalnerve stimulation (AL-TENS) in the management of pain.
Physical Therapy Reviews, v.73,n.3,p.73-93 1998.

JOHNSON MI.; KITCHEN S. Eletroterapia: pratica baseada em evidéncias. Barueri: Manole, 2 ed, 2003.

LOW, J.; REED, A. Eletroterapia explicada: principios e praticas. Barueri: Manole, 3ed,2002.

MELLO, L. F. D.; NOBREGA, L. F.; LEMOS, A. Estimulacao elétrica transcuténea no alivio da dor do trabalho de
parto: revisdo sistematica e meta-analise. Revista brasileira de fisioterapia, v.15, n.3,p.175-184, 2011.

MELO, P. G.; MOLINERO, P. V. R.; DIAS R. O.; MATTEI K. Estimulagéo elétrica nervosa transcutanea (TENS) no
pos-operatorio de cesariana. Revista Brasileira de Fisioterapia, v.10, n.2, p.219-224, 2006.

MELZACK, R.; WALL, P. D. Pain mechanisms: a new theory. Science, v.150,n.1, 1965.

MONTENEGRO, E. J. N.; Albuquerque N. B.; MARIZ, L. M. R.; COSTA,R. C. S.; MONTARROYOS, C. S.; MOTTA, M.
A. Agéo da TENS acupuntural em acupontos na dor induzida pela hipotermia local (0-2° C). Fisioterapia em Movimento, v.23,
n.3, p.483-492,2010.

MORIMOTOH. C.; YONEKURA, M. Y.; LIEBANO, R. E. Estimulagéo elétrica nervosa transcutédnea nas modalidades
convencional e acupuntura na dor induzida pelo frio. Fisioterapia e Pesquisa, v.16, n.2, p.148-154, 2009.

RODRIGUES-BIGATON, D. ALMEIDA, A. F. N., BERNI, K. C. S. PEDRONI, C. R., GONCALVES, R. N., BERZIN, F.
Utilizacdo de diferentes estimulagbes elétricas para o tratamento da dor em mulheres com disfungao temporomandibular.
Revista Brasileira de Fisioterapia, v.12,n. 6, p.476-481, 2008.

PENA, R.; BARBOSA, L. A.; ISHIKAWA, N. M. Estimulagao elétrica transcutanea do nervo (TENS) na dor oncolégica
—umarevisdo da literatura. Revista Brasileira de Cancerologia, v.54,n.2, p.193-199, 2008.

RAIMUNDO, A. K. S.; SOUSA, L.A,; SILVEIRA, R. F.; CERQUEIRA, M. C. D. RODRIGUES, J.; DINI, P. D. Dosagem
de serotonina sistémica apos aplicagéo da eletroestimulagédo nervosa transcutanea (TENS). Fisioterapia em Movimento, v.22,
n.3, p.365-374, 2009.

RUSHTON, D. N. Electrical stimulation in the treatment of pain. Disability & Rehabilitation, v. 24, n.8, p.407-415,
2002.

SCORZA, F. A.; FIGUEIREDO, M. M.; LIAO, C. O.; BORGES, F. S. Estudo comparativo dos efeitos da eletrolipdlise
com uso do TENS modo burst e modo normal no tratamento de adiposidade localizada abdominal. Ensaios e Ciéncia:
Ciéncias Bioldgicas, Agraria e da Saude.v.12,n.2, p.49-62, 2008.

SLUKA, K. A., WALSH, D. Transcutaneous electrical nerve stimulation: basic science mechanisms and clinical
effectiveness. The Journal of Pain, v.4,n. 3,p.109-121, 2003.

WOOF, C. J.; BARRETT, G.D.; MITCHELL, D.; MYERS, R. A. Naloxone-reversible peripheral electroanalgesia in
intactand spinal rats. European Journal of Pharmacology. v.45,n.1, p.311-314, 1977.

Autorresponsavel: GLADSON RICARDO FLOR BERTOLINI.
End: Rua Universitaria, 2069.

Colegiado de Fisioterapia.

Jd Universitario. Cascavel — PR.

CEP: 85819-110. Caixa Postal: 711.
gladsonricardo@gmail.com

39



FIEP BULLETIN Volume 82 - Special Edition - ARTICLEII - 2012

TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION (TENS) BURST MODE EFFECTS ON THE PAIN
THRESHOLD INDUCED BY HYPOTHERMIA IN HEALTHY SUBJECTS

ABSTRACT

The aim of this study was to evaluate the cold pain threshold front therapy with transcutaneous electrical nerve
stimulation (TENS) in healthy subjects, using a bipolar application technique on the nerve root. The study included 18 volunteers
of both sexes, who underwent two treatments, with a current TENS and a placebo, and moments induced hypothermia in order to
provoke a painful response. Subjects were evaluated by using VAS and latency of cold pain. As a form of electrical stimulation,
TENS used the burst mode, and individuals were evaluated at three time points: immediately after, 20 minutes and one hour after
electrostimulation. As to results, the data obtained through the EVA show a significant increase in pain threshold for individuals
undergoing therapy with TENS in evaluations after 20 minutes and an hour compared to the pre assessment and intervention
immediately after. For evaluation of the pain threshold to cold by the time, there were no significant differences in the
comparisons. They found that as the application of burst TENS is effective in increasing the pain threshold stimulation promoted
by low temperature.

KEYWORDS: Electric stimulation, Pain, Criotherapy.

STIMULATION NERVEUSE ELECTRIQUE TRANSCUTANEE (TENS) RAFALE EFFETS DE MODE SUR LE
SEUILDOULEURINDUITE PARL'HYPOTHERMIE CHEZ LES SUJETS SAINS

RESUME

Le but de cette étude était d'évaluer le traitement de la douleur froide seuil de I'avant avec la stimulation du nerf
électrique transcutanée (TENS) chez des sujets sains, en utilisant une technique d'application bipolaire sur la racine nerveuse.
L'étude a inclus 18 volontaires des deux sexes, qui a subi deux traitements, avec un TENS courant et un placebo, et
I'nypothermie induite par moments, afin de provoquer une réaction douloureuse. Les sujets ont été évalués en utilisant'EVA et la
latence de la douleur froide. Comme une forme de stimulation électrique, TENS utilisé le mode rafale, et les individus ont été
évalués a trois moments: immédiatement apres, 20 minutes et une heure aprés I'électrostimulation. Quant aux résultats, les
données obtenues grace a I'EVA montrent une augmentation significative du seuil de la douleur pour les personnes subissant un
traitement par TENS dans les évaluations aprés 20 minutes et une heure par rapport a I'évaluation préalable et d'intervention
immédiatement apres. Pour I'évaluation du seuil de douleur au froid par moment, il n'y avait pas de différences significatives dans
les comparaisons. lls ont constaté que I'application de TENS rafale est efficace pour augmenter la stimulation seuil de la douleur
promu par basse température.

MOTS-CLES: La stimulation électrique, La douleur, Criotherapy.

EFECTOS DE LA ESTIMULACION NERVIOSA ELECTRICA TRANSCUTANEA (TENS), MODO RAFAGA EN EL
UMBRALDELDOLORDE LOCALINDUCIDAPORHIPOTERMIAEN SUJETOS SANOS

RESUMEN

El objetivo de este estudio fue evaluar el umbral de dolor a la terapia frente frio con la estimulacién nerviosa eléctrica
transcutanea (TENS) en sujetos sanos, utilizando una técnica de aplicacion bipolar de la raiz nerviosa. En el estudio participaron
18 voluntarios de ambos sexos, que se sometieron a dos tratamientos, con un TENS actual y un placebo, y los momentos
inducidos crioestimulagao térmica con el fin de provocar una respuesta dolorosa. Los sujetos fueron evaluados mediante el uso
de EVAy el tiempo (latencia) de dolor frio. Como una forma de estimulacion eléctrica, TENS utiliza el modo de rafaga, y los
individuos fueron evaluados en tres momentos: inmediatamente después, a 20 minutos y una hora después de la
electroestimulacion. En cuanto a los resultados, los datos obtenidos a través de la EVA muestran un aumento significativo en el
umbral del dolor en personas sometidas a terapia con TENS en las evaluaciones después de 20 minutos y una hora en
comparacioén con la evaluacioén previa y la intervencion inmediatamente después. Para la evaluacion del umbral del dolor al frio
por el momento, no hubo diferencias significativas en las comparaciones. Encontraron que a medida que la aplicacién de la
ENET rafaga es efectiva para aumentar el umbral de estimulacion del dolor promovido por la baja temperatura.

PALABRAS CLAVE: Estimulacion eléctrica, dolor, crioterapia. EFEITOS DAESTIMULACAO ELETRICANERVOSA

EFEITOS DA ESTIMULAGAO ELETRICA NERVOSA TRANSCUTANEA (TENS) MODO BURST SOBRE O
LIMIAR DE DOR INDUZIDA PELA HIPOTERMIA LOCAL EM INDIVIDUOS SAUDAVEIS.

RESUMO

O objetivo deste estudo foi avaliar o limiar da dor ao frio frente a terapia com estimulagédo elétrica nervosa
transcutanea (TENS), em individuos saudaveis, utilizando uma técnica de aplicagao bipolar sobre a raiz nervosa. Participaram
do estudo 18 voluntarios de ambos os sexos, os quais foram submetidos a dois tratamentos, um com corrente TENS e um
placebo, e a momentos de indugéo térmica com crioestimulacdo com o objetivo de provocar uma resposta dolorosa. Os
individuos foram avaliados com auxilio da EVA e pelo tempo (laténcia) de dor ao frio. Como forma de eletroestimulacéo, utilizou-
se a TENS modo burst, e os individuos foram reavaliados em trés momentos: imediatamente apés, 20 minutos apds e uma hora
apos a eletroestimulagéo. Quanto aos resultados, os dados obtidos através da EVA mostram aumento significativo do limiar
doloroso para os individuos submetidos a terapia com TENS nas avaliagbes 20 minutos apdés e uma hora apds quando
comparadas com os momentos pré intervengao e avaliagdo imediatamente apds. Para as avaliagdes do limiar de dor ao frio pelo
tempo, nao foram observadas diferencas significativas nas comparag¢des. Tém-se como conclusédo que a aplicagdo da TENS
burst é efetiva no aumento do limiar doloroso promovido pela estimulagédo de baixa temperatura.

PALAVRAS-CHAVE: Estimulagao Elétrica, Dor, Crioterapia.
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