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ABSTRACT | This study objective is to investigate the polar
effects of the direct current on muscular strength, evaluated
by the manual dynamometer. The values of muscle strength,
in kilograms, were compared before and after the procedure
inthe 3 groups (Anode, Cathode and Control). The project is
a controlled randomized clinical trial, which was performed
at the Laboratory of Physiotherapy of the University Andrés
Bello (Physioterpy Carrer) with 150 healthy voluntary
participants. The intervention consisted on the application
of a direct current session with intensity of 2mA for 12
minutes, with an electrode of 48cm? (dose of 24mAxmin and
current density of 0.04mA/cm?). The difference between the
groups was in the stimulus with the cathode or the anode,
and the application of the current was performed after
the initial dynamometric evaluation. The main measured
variable was the difference of maximum force of palmar grip
(Kg), which was obtained through the difference between
the best value of maximum pre-intervention force and the
best value of maximum post-intervention force. The results
indicate that there were no statistically significant changes
in the intervention groups (p value=0.88) when comparing
the maximum strength differences (FMdif). However, a slight
improvement in strength was observed when comparing
the groups only considering men from the cathode group
(p value=0.94), and a slight decrease when comparing
only women from the anode group (p value=0.91). It was

concluded that, apparently, the direct current would not
generate greater changes in the force of manual grasp after
an intervention session on the forearm. Nevertheless, there
are positive variations of strength in men from the cathode
group, and negative ones in women from the anode group
when analyzed independently, although these modifications
are not statistically significant.

Randomized Controlled Trial; Hand Strength;
Electric Stimulation Therapy.

RESUMO | O objetivo deste estudo é pesquisar os efeitos
polares da corrente direta sobre a forca muscular, avaliada
a partir do uso do dinamoémetro manual. Os valores da
forca muscular, em quilogramas, foram comparados, antes
e apds o procedimento, nos 3 grupos (Anodo, Catodo
e Controle). O projeto € um ensaio clinico randomizado
controlado, desenvolvido no Laboratorio de Fisioterapia
da Universidade Andrés Bello (Faculdade de Cinesiologia),
e do qual participaram 150 voluntadrios saudaveis. A
intervencdo consistiu na aplicacdo de uma sessdo de
corrente continua a 2mA por 12 minutos, com um eletrodo
de 48cm? (dose de 24mAxmin e densidade de corrente
0.04mA/cm?). A diferenca entre os grupos estava no
estimulo com o catodo ou anodo, e a aplicacdo da corrente
foi realizada apds a avaliacdo dinamométrica inicial. A
principal variavel medida foi a diferenca de forca maxima
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de aperto palmar (Kg), obtido a partir da diferenca do melhor
valor da forca maxima de pré-intervencao e do melhor valor da
forca maxima poés-intervencdo. Os resultados apontaram que
ndo houve alteracdes estatisticamente significativas nos grupos
de intervencdo (p valor=0,88) ao se comparar as diferencas
maximas de resisténcia (FMdif). No entanto, observou-se uma
ligeira melhora na forca ao se comparar 0S grupos apenas
considerando os homens do grupo do catodo (p valor=0,94 e
uma peguena diminuicdo ao se comparar apenas as mulheres do
grupo do anodo (p valor=0,91). Concluiu-se que, aparentemente,
a corrente direta ndo geraria maiores mudancas na for¢ca do
aperto manual apds uma sessdo de intervencdo no antebraco.
No entanto, existem variacdes positivas de forca em homens do
grupo do catodo e negativas em mulheres do grupo do anodo,
guando analisadas de forma independente, embora ndo sejam
estatisticamente significativas.

Ensaio Controlado Aleatdrio; Forca da Mao; Terapia
de Estimulacao Elétrica.

RESUMEN | El objetivo de este trabajo es investigar los efectos
polares de la corriente directa sobre la fuerza muscular, evaluada con
dinamodmetro manual. Los valores de la fuerza muscular en kilogramos
fueron comparados antes y después del procedimiento en 3 grupos
(Anodo, Catodo y Control). El disefio es Ensayo Clinico Aleatorio
controlado. La investigacion se realizo el Laboratorio de Fisioterapia

INTRODUCTION

Electrical stimulation in physical therapy nowadays
has a broad range of clinical applications, including
muscle strengthening, pain control, management of
edema, control of inflammation after an injury or
surgical intervention'. Currently, electrotherapy offers
a broad range of therapeutic possibilities, although
clinically, the use of only a few currents has been
privileged, leaving many modalities relegated to a
minimum or no use. Despite this, in electrotherapy,
a broad range of therapeutic currents continues to be
offered to the groups, many of them little explored,
a situation that limits the use of our resources in
electrotherapy. One of the classic currents described
in electrotherapy is direct current (DC) or galvanic
(galvanism), the one that stands out for its particular
physiological effects and that are not achieved with
other modalities of currents®. Within these effects those
activators are described (achieved with the cathode) or
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de la Universidad Andrés Bello (Escuela de Kinesiologia Santiago). El
estudio se llevé a cabo con ciento cincuenta participantes voluntarios
sanos. La intervencion consistio en la aplicacion de una sesion de
corriente directa a una intensidad de 2mA por 12 minutos con un
electrodo de 48cm? (dosis 24mA.miny densidad de corriente 0,04mA/
cm?). La diferencia entre los grupos radicaba en la estimulacion con
el catodo o anodo. La aplicacion de la corriente se realizaba luego
de la evaluacion dinamomeétrica inicial. Cémo outcome principal se
estimd la diferencia de Fuerza Maxima de prension palmar (Kg).
Esta se obtuvo de la diferencia del mejor valor de fuerza maxima pre
intervencion con el mejor valor de fuerza maxima post intervencion.
Los resultados indican que no existen cambios estadisticamente
significativos en los grupos intervenidos (p valor = 0,88) al comparar
las diferencias de fuerzas maximas (FMdif). Sin embargo, se aprecia una
minima mejora de la fuerza al comparar los grupos solo considerando
hombres del grupo catodo (p valor = 0,94, y leve disminucion al
comparar sélo para mujeres del grupo anodo (p valor = 0,91). Cémo
conclusion se destaca que aparentemente la corriente directa no
generaria mayores cambios en la fuerza de prension manual luego de
una sesion de intervencion sobre el antebrazo. Sin embargo, existen
variaciones positivas de fuerza en hombres del grupo catodo y negativas
mujeres del grupo anodo al analizarlos independientemente, aunque
estas modificaciones no resultan estadisticamente significativas.

Ensayo Clinico Controlado Aleatorio; Fuerza de
la Mano; Terapia por Estimulacion Eléctrica.

suppressors (anode) of nervous system activity, which
could be useful therapeutically in different clinical
conditions involving neuromuscular disorders'?. The
DC is a current that works with a constant intensity
and with treatment times between 10 to 15 minutes.
Unlike other electrical modes, in it only the parameters
of current intensity and time are adjusted. Many
physiotherapists are not completely proponents about
the use of this current because they do not identify it
as safe, due to the fact that within its potential risks the
possibility of generating electrochemical burns stands
out (acid or basic burns depending on the electrode)
when the procedure is improperly applied. This is why
this method must be worked under safety regulations
and with current densities no higher than 0,2mA/
cm? minimizing the risk (by recommendation of the
literature) and adverse effects of galvanism?.

'The documentation of direct current in relation to its
polar effects is scarce and old, and general, most of the
scientific information regarding its use for therapeutic



purposes is related to its application through the
iontophoresis procedure, that is, the transfer of drugs
or medications loaded transcutaneously based on
the physical principle of electro-repulsion of electric
charges which facilitates the transport of the drug’®.
Works in the neurological area document transcranial
applications to induce changes in the resting potential
of neurons as a treatment for motor disorders, cognitive
and behavioral in patients with brain damage, although
these applications are more complex™'°.

Within the physiological eftects of DC, those that
occur in the biological tissues underlying each electrode
are described, those that have been called polar effects
(PE), and that occur due to the accumulation of electric
charges in the areas near each electrode as a consequence
of the physical principle of electrophoresis®''2. Within
the framework of EP, those activators or suppressors
of motor nervous activity can be highlighted. The
activating effects of the nervous system occur under
the cathode (Cathode effects), and would be given
by the facilitation of membrane depolarization of
the excitable membranes (axolemma, neurilemma
sarcolemma), as well as an inhibition of the activity of
the acetylcholinesterase enzyme (AChE) at the level of
the motor plate. On the other hand, inhibitory effects
would occur under the anode (Anodic effects),and would
consist of hyperpolarization of the excitable membranes
and activation of the AChE at the level of the motor
plate?. The polar effects would occur to a depth of 4 to
5cm, what would be sustained in the decrease of the
impedance of the skin generated by the DC, and that it
would be dependent on the application time (min) and
the current density under the electrode (mA/cm?)™™.
Based on this idea, neuromuscular activation or
inhibition could be generated by changes in excitability
of the motor plate. Variations in excitability could be
reflected in increases or decreases in muscle strength.

Dynamometry is a way of quantifying muscle
strength in specific body positions and for different
joints. The types include manual dynamometry (grip
dynamometry), whose objective is to measure the
maximum static strength of the flexor muscles of the
wristand fingers when they are compressed'®. The manual
dynamometry has the advantage of being a simple test,
easy to perform and with portable equipment, besides it
is economically low-priced.

It is therefore interesting to assess the polar effects
that facilitate and inhibit the activity of the nervous
system, and changes in muscle strength.

The general objective of this study is to evaluate the
polar effects, anode and cathode, on the manual grip
strength in healthy subjects. The manual grip strength
will be evaluated by dynamometry, recording the values
of maximum strength in kilograms (kg), which will be
considered as the primary study variable. A session of
intervention will be carried out for convenience, to evaluate
if with this minimum occur variation in the strength.

METHODOLOGY
Plan

The present plan represents a double blind
randomized clinical trial (participants and applicators
of the procedure). The research was approved on
October 20, 2015 by the bioethics committee of the
East Metropolitan Health Service (SSMO) with
residence in the Hospital Salvador, Santiago city of
Chile and later registered in www.clinicaltrials.gov
(Protocol Registration and Result System) obtaining
the registration ID NCT02884427. The maximum
strength changes of manual grasping of the dominant
upper limb before and after the application of DC on
the motor point of the flexor muscles of the wrist
and fingers were evaluated. The sample was divided
into 3 working groups, applying in one group the
effects of the Cathode and in another the effects of
the Anode to be compared with a third group that
will be a Control.

Subjects

One hundred and fifty healthy volunteer subjects (77
men, 73 women, age category between 18 and 40 years)
were recruited. The participants were students of the
School of Rehabilitation of the Andrés Bello University,
Campus Casona, Santiago del Chile city. The number
of participants was selected for convenience, taken
from a total available population of 1150 people. The
selection was made based on a survey whose first part
was structured in relation to the general demographic
data of the participants: name, age, gender, body
mass index (BMI), career year, and personal contact
information (email and cell phone). The data collected
were considered as secondary variables. These data
were tabulated with the software Microsoft Excel®
2013 and a table was constructed with them (Table 1).
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Secondary variables, gender and age category were
represented as frequencies (%).The variables maximum
Strength of pre-intervention grasp (kg), weight, size
and BMI were represented as averages with their
standard deviation (x +/-DS). These data were analyzed
with the STATAv.14 program, obtaining a p-value that
statistically confirmed the homogeneity of the groups.

Table 1. Description of the variables measured by group
operated before the intervention with DC

VARIABLE (CGE%%T)L) ?f»?ggé (ggl\?'l':JRPO:’I,.) P value
Gender. Frequencies (%)
Male 21(27.3) 30 (39,0) 26 (33,8)
Female 27 (370) 22 (30 24 (329)
Age category. Frequencies (%)
<20 years old 7(292) 6 (25,0) 11(45,8)
20-29 yearsold 39 (33,3) 43 (36,8) 35(299) 0548
> 30 years old 2(222) 3(333) 4 (44,4)
Weight. Average +/- DS
Male 748+/-97 738+/-90 783+/-134
Female 60,7+/-69 629+/-94 604+/-73 0,075
Total 669+/-108 692+/-106 697 +/-14]
BMI. Average +/- DS
Male 245+/-36 248+/-27 260+/-65
Female 230+/-22 236+/-41 232+/-29 0428
Total 236+/30 243+/-34 247+/-53
Maximum strength pre KG (Average +/- DS)
Male 447+/-106  391+/-8]1  399+/-93 008
Female 281+/-63 259+/-52 295+/-10 0259
Total

el FIE) 34.(24-44) 285(23-29) 295(21-44) 01917

General description of the variables of the study subjects. No statistically significant difference
was found between the groups. * frec (%) = frequency (percentage); ** DS= Standard deviation;
med=median; RIC: Interquartile range. Group 1 corresponds to the group of patients who
performed the intervention with DC applying the cathode in the target area. Group 2 corresponds
to the group of patients who performed the intervention with a galvanic current using the anode
in the target area. Group 3 corresponds to a control in which the intervention with current was
not carried out. The p-value of the gender variable, age category was performed using the chi
square statistical test (x?). The p-value of the variable weight, BMI and pre-intervention muscle
strength in the male and female gender was obtained by the one-way ANOVA test. The p-value
of the muscle variable pre-total intervention was obtained by the K-WALLIS test.

The second part of the survey consisted of closed
questions made in relation to the inclusion and exclusion
criteria proposed by the study. The inclusion criteria
included the participation of subjects over 18 years of
age and without pain or discomfort when performing
manual grasping. The subjects were excluded in case of
having musculoskeletal pathologies of the hand, wrist or
elbow in the last 6 months, presence of osteosynthesis
materials or prosthesis in the upper limb, peripheral
neurological pathologies, skin lesions or wounds in the
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forearm that would make the application of current in
that region, apprehension or fear of electrotherapy.

Equipment

The electric stimulator COMBI 500 de GYMNA®
(www.gymna.com) was used. The DC was applied for
12 minutes with maximum intensity of 2mA (dose
24mA.min) with electrodes of rubber of carbon of
48cm?area. The electrodes were coated with wet pads of
51cm?, obtaining a current density of 0,0392mA/cm?.

Measurement tools

A JAMAR hydraulic dynamometer was used and its
measuring range is between 0 and 90kg (0 and 2001b)"¢" 8.
'The maximum grip strength in kilograms (kg) exercised
by the participants was evaluated when performing the
manual grasping before and after the DC intervention,
assessing the changes between both measurements.

Process

Selection of participant

The selectionbeganwith the delivery ofaparticipation
survey to students of different levels of the careers of the
University. With the survey, general data of the students
were obtained in order to generate the first filter of the
subjects to determine the possible participants for the
investigation. The analysis of the surveys was done in
3 days, obtaining a total of 153 potential participants.
Then a personal contact was made with each of them
to invite them to participate. 150 subjects agreed (77
men, 73 women). Each subject gave a written consent
by signing the consent document approved by the
bioethics committee of the East Metropolitan Health
Service (SSMO), located in the Salvador Hospital,
district
cl). After the signature the participant was labeled

Providencia  (www.cec-ssmoriente-adultos.
with a number to perform the randomization process.
The participants were individually mentioned within
the following 7 working days to the Electrotherapy
laboratory of the FCR, room 401, building C5.

Division of the working groups

'The sample was divided by a simple randomization
process carried out with the software Microsoft
Excel® 2013 obtaining three working groups. The

randomization was in charge of the study director. The



working groups were designated as the Cathode group
(Group 1,n=48), the Anode group (Group 2,n=52) and
the Control group (Group 3, n=50) (Table 1).

The sequence of randomization and participants of
each group was only known by the principal investigator,
who was in charge of the process. It was the role of the
director to refer each participant to the assigned group.
'The participants were not aware about which polar effect
would be applied. After randomization each participant
had to go to the dynamometry station. For Table 1 p-value
of the variable weight, BMI and muscular strength before
the intervention in the male and female gender was
obtained by the ANOVA test of one factor. The p-value
of the variable gender and age category was made by the
statistical of chi square test (x*). The p-value total of the
variable of muscle strength before the intervention was

obtained by the test of K-WALLIS.

Registration of Pre grip Strength Intervention
(FMpre)

The evaluations of strength and application of
electrotherapy were carried out in the afternoons, on
Monday, Wednesday or Friday, after the school day
(after 5:00 p.m.). A therapist was in charge of recording
the maximum palmar grasping strength for the manual
dynamometry test. The evaluation station consisted of a
chair placed next to a table in which was the hydraulic
dynamometer JAMAR. Each participant was instructed
to sit with the back supported and with the feet on the
ground. The auditor then installed an orthosis in the
dominant upper limb that secured a position of 90°
of elbow flexion and a neutral pronosupination of the
forearm. The participant had to hold the dynamometer
with the dominant hand without supporting the
forearm”. ‘The measurement protocol included 3
attempts of grasp of 5 seconds with an interval of 15
seconds, which included a total time of measurement
of 1 minute. The therapist recorded the 3 maximum
manual grip strength values measured in kilograms
(kg) and recording the highest of the three attempts by
recording it on the Excel sheet. This value was recorded
as the “Maximum Strength Pre” (FMpre). Once the
measurement was finished, the participant was taken to
the electrotherapy stations.

Intervention with DC

Each group was handled in independent boxes by a
therapist who would administer a specific intervention.
In the subjects of each group were fitted a direct current

equipment, putting one electrode on the ventral side of
the dominant forearm while the other electrode closed
the circuit on the opposite forearm. The electrical
conduction wires of the electrotherapy equipment
of each station were masked so that the therapist
was unaware of the polar effect he was applying. The
masking of the cables was done by placing two opaque
insulating tapes, preventing the recognition of colors
(black or red) in the output cables. An insulating tape
had the letter “A” or “B” labeled for each cable, so that
the applicator did not know if the masked electrode was
the Cathode (black) or anode (red). Only the director of
the investigation knew the polarity represented by each
letter on the power line. The therapists were instructed
to install and always apply the same electrode on the
dominant forearm. The electrotherapy equipment for
the Control group was connected to a faulty cable that
did not give current, so it was a false installation, a
situation unknown to the administrator and participants
of this group. All the groups received an intensity of
subsensory stimulation so that no participant perceived
the emission of current. For the Cathode and Anode
groups, the therapeutic electrode was installed at the
motor point of the forearm and was representative of the
flexor muscle group of the wrist and fingers (midpoint
of the midline of the forearm, 3cm under the bend of
elbow flexion). This was done under the regulations
proposed by the non-invasive muscle assessment group
in surface electromyography (SENIAM Project)®. The
black electrode was applied to the Cathode group on
the ventral side of the forearm looking for the excitatory
polar effect, while to the Anode group was applied
the red electrode in the same region to corroborate a
diminishing effect of the stimulus of motor activity. The
electrode was installed in the control group of the same
letter of the Cathode group, with the same procedure
described. The circuit was closed at the same point on
the contralateral forearm.

Records of the Strength of Prehension Post-
Intervention (FMpost)

After completing the intervention with DC, each
participant returned to the dynamometer measuring
station. The physiotherapist of this station repeated the
same protocol of assessment done before the application
of current, recording again the best value of maximum
strength of grip in kilograms (kg) of the three attempts

made within the time of 1 minute. The highest value
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of the 3 attempts was recorded as the “Maximum Post

Strength” (FMpost) and recorded on an Excel sheet.

RESULTS

Table 2 shows the results obtained by comparing the
variables FMpre (Kg), FMpost (Kg) and “Maximum
Strength Difference” (FMdif, Kg) broken down for men,
women and the total number of participants for each of

the working groups. The p-value of the FMpost variable

in men was performed using the statistical one-way
ANOVA test. The p-value of the variable FMpost in
women was made by the K-WALLIS test. The p-value
of the variable FMTpost was made by the K-WALLIS
test. According to the results, statistically significant
differences were not found between the groups in relation
to the maximum strength difference before and after the
application of electrotherapy. No significant differences
were found between the groups in the variable FMpost in
men, FMpost in women, or variable Maximum Strength

post (FMpost) between the groups.

Table 2. General description of the variable Maximum strength pre (FMpre), Maximum Strength post (FMpost) and Maximum strength

difference (FMdif) of the study groups

VARIABLE GROUP 1 (CATHODE)
FMpre
Male (Average +/-DS) 44,7 +/-10,6
Female (Average +/-DS) 281+/-6,3
Total (med, RIC) 34 (24 - 44)
FMpost
Male (Average +/-DS) 44,2 +/-10,4
Female (med, RIC) 27 (23 - 20)
Total (med, RIC) 33 (28 - 48)
FMdif
Male (med, RIC) 1(-3-4)
Female (Average +/-DS) -0,3+/-45
Total (med, RIC) 03+/-47

GROUP 2 (ANODE) GROUP 3 (CONTROL) p value
391+/-8] 399+/-93 0.8
259 +/-52 29,5 +/-11,0 0,259

285(23-29) 29,5 (21-44) 01917
402 +/-9,2 41+/-13 0,3325
26 (22 -29) 26 (20,5 - 33) 0,7506

30,5 (24 -10) 32,5(26 - 46) 0.9462

0(0-2) 05(-2-2) 0,9462
-08+/-4] -08+/-4.2 0.9189
0+/-4 -02+/-48 0,881

The p-value of the FMpost variable in men was performed using the one-way ANOVA statistical test. The p-value of the FMpost variable in women was made by the K-WALLIS test. The p-value of the
variable FMTpost was made by the K-WALLIS test. There are no statistically significant differences between the groups in relation to the maximum strength difference before and after the application
of electrotherapy. For the variable FMdif of males, test K-Wallis was used, while for women, FMdif and the total of the groups the ANOVA test was used with 1 factor. In the FMdif variable in men

there is a slight increase, although statistically insignificant, in Maximum Streght in Group 1(Cathode). In women there is a decrease in FMdif in group 2 (Anode), although this difference in maximum

Strength (FMdif) is not statistically significant in this group.

The p-value of the FMJdif variable in men was
performed using the statistical test of K-WALLIS.
The p-value of the FMdif variable in women was
determined by the statistical test of one-way ANOVA.
There is a slight tendency to increase of the FMdif for
group 1 (Cathode) (0,3 +/- 4,7), while group 2 (Anode)
remained unchanged (0 +/- 4) and the Control group
showed a downward trend (-0,2 +/- 4,8).In relation to
Graph 1, for group 1 (cathode) the values of Q1 and
Q3 correspond to -2Kg and 2Kg respectively, with
the median of 1Kg. For group 2 (anode) values of Q1
and Q3 of -1Kg and 2.5Kg, obtaining a value for the
median of 0Kg. The Control group shows values of -2kg
tor Q1 and 3Kg for Q3, with median of Okg in relation
to the value. Considering the values of Q2, a slight

tendency of positive variation of strength is observed
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for group 1 (cathode), while variations are not exhibited
considering the same value. (*) It represents the atypical
FMdif value for the observed data, where in group 1
(cathode) a value of -9Kg is observed, and -11Kg and
15Kg for the Control group.

In Graph 2, for group 2 (anode) of males, there are
two values of -4Kg, and of -13Kg in the negative area
and of 7Kg for the positive area. For the male control
group, atypical FMdif values of -11Kg and 14Kg are
appreciated. (*).For the Cathode group of women, the
values of Q1 and Q3 correspond to -2Kg and 3Kg
respectively, with median of 0Kg. For group 2 (anode)
of women values of Q1 and Q3 of -4Kg and 2Kg are
obtained, with median value of -1Kg. Group 3 (control)
of women shows values of -4Kg for Q1 and 1Kg for
Q3, with median of -1Kg in relation to the value.



Considering the values of Q2, a possible decrease effect
in FMdif is found in women in group 2 (anode), which
could support the hypothesis of the inhibitory effect of

the positive electrode compared to the cathode.
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Graph 1. Chart of boxes that represent the values of differences
of Maximum Strengh (FMdif) measured in kilograms (Y axis) for
the three study groups arranged (X axis)

The O point of the Y axis represents the reference value to determine from this the positive and
negative variation of FMdif in kilograms (Kg) for the three groups. The graph shows the values of
Q1, Q2 and Q3 for the values observed in the three groups. For the group Cathode the values of
Q1 and Q3 correspond to -2Kg and 2Kg respectively, with median of 1Kg. For the Anode group,
values of Q1 and Q3 of -1Kg and 2,5Kg are appreciated, obtaining a value for the median of OKg
The Control group shows values of -2kg for Q1 and 3Kg for Q3, median of Okg in relation to the
value. Considering the values of Q2, a slight tendency of positive variation of the strength is
observed for the Cathode group, while no variations are exhibited considering the same value. (*)
Representation of the atypical FMdif value for the observed data, in the Cathode group a value of
-9Kg is observed, and -11Kg and 15Kg for the Control group.

man women
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Graph 2. Graph of boxes that represent the values of differences
of Maximum Stregth (FMdif) measured in kilograms (Y axis) for
the 3 study groups arranged (X axis) but considering the sex

The 0 point of the Y axis represents the reference value to determine from this the variations of
positive and negative FMdif in kilograms (Kg) for men and women of the 3 groups. The graph
expresses the values of Q1, Q2 and Q3 for the values observed in the three groups according
to the sex of the participants. (*) Representation of the atypical FMdif value for the observed
data of males, the values of Q1 and Q3 correspond to -3Kg and 4Kg respectively, with median
of 1Kg. For the Anode group of males, values of Q1 and Q3 of Okg and 2kg are appreciated,
obtaining a median of OKg. The group Control of males shows values of -2Kg for QT and 4Kg for
Q3, the median of 1Kg in relation to the value. Considering the Q2 values of the 3 groups, a slight
tendency to increase the FMdif value was observed in men in the Cathode and Control group,
while in the Anode group there were no variations. (*) Representation of the atypical FMdif value
for the observed data, in the group Anode of males, two values of -4Kg are observed, and of
-13Kg in the negative area.

When comparing the FMDIF changes obtained
only by men, a minimum increase of grip strength is
found in group 1 (Cathode), although not statistically
significant, which could support the hypothesis of
our work that DC through the cathodic effect would
favor neuromuscular activation, although again the
differences are not statistically significant. On the
other hand, the comparison of the women of the three
groups indicates a decrease of the FMdif for the three
working groups, but not with statistical significance too.
In group 2 (anode) there was a greater decrease (-0,8
+/ 4,1) compared to the cathode group (-03 +/- 4,5).
In a comparison between women, the hypothesis that
the polar effect of the cathode using DC would be
activating would be rejected, however, if an inhibiting
effect could be presumed by the anode.

DISCUSSION

'The theory states that direct current through its polar
effects (cathode and anode) would facilitate or inhibit
neuromuscular activity at the level of the motor plate,
however, there is little documentation about this topic.
In the framework of this experimental design, we tried to
assess the effects of neuromuscular stimulation through
the polar effects of DC. When analyzing the data of the
total strength difference before and after the application of
the current in the different groups, no significant changes
are observed in a comparison. Despite this with the
variable gender, there is a minimum increase in FMdif in
men after the application of the current using the cathode.
A possible explanation for this fact could be that men
have more trained brachial and antebrachial musculature,
because in their normal activities of daily life tend to
perform more strength'*?!. This could be associated with
the fact that in the face of an electrical stimulation they
would react in a better way than women due to motor
thresholds of lower muscular activation, thus increasing
their strength. Another possible explanation of the trends
to the increase could be due to the amount of fat tissue,
with the men having a lower proportion than the women,
which favors that the current can penetrate easier by
having less resistance?>*. This non-significant difference
of increasing in FMdif using the cathode is interesting,
as it can be used in other future investigations, perhaps
improving the protocol, to support the theory that this
type of current can affect neuromuscular activation. The
protocol improvement includes using higher currents,
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longer application times, variation of rest times in FMpre
and FMpost measurements, or more work sessions to
track long-term changes. On the other hand, women
show a decrease in neuromuscular activation for the
three groups, concentrating the decrease of FIMdif in the
anode and control groups. The explanation could also
be related to the activation motor threshold, which may
be higher in women or the percentage of body fat**.
When reflecting, it is true that women are generally
not as strong as men and women’s body constitution is
biologically constructed for different purposes. Due to
different sizes and functions, the same muscle groups and
the potential to gain strength work in different scales?” .

This design has some limitations that are specific to
scientific work. One of the limitations is related to the
size of the sample, which is still an interesting number
but it is not clear if it is sufficient because the calculation
was not applied for its determination and the work was
done for convenience.

The first reflection focuses on the dose and number
of intervention sessions. In this work the dose was
adjusted according to what is documented by the
available literature®. It may be possible that with more
intensity or time (mA.min) clearer effects could be
achieved, according to the Arnoldt Schultz principle, in
which the physiological effect achieved is proportional
to the magnitude of the applied stimulus™. Also, a
greater number of sessions could generate potentiation
of the physiological effect sought. In the work we
sought to evaluate if a session could have been
sufficient. Another aspect is related to the depth of
this current, subject to the impedance of the biological
tissues>>®5, although that was the reason that led to the
work on the forearm to have a lower skin thickness and
less fat tissue compared with other areas, to ensure the
effect at the muscular level. Another aspect to consider
is that the participants could have been self-convinced
to increase the strength after the application of the
current, this may influence them in the moment of
conducting the test negatively influencing the values
thrown. Another limitation of the study is the age
range of the participants, which is more centralized
in students, it could be that there are variations in
other age groups®. Another limitation may be that
the participant was unaware of the practical way of
doing the test of grip with dynamometry, and the time
of familiarization with the instrument may have been
insufficient, providing a session to learn the procedure
of dynamometry.
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CONCLUSION

The results demonstrate that the DC application
used in this study shows there were no variations in
muscle strength using the polar effects of the cathode
and anode. Although there is an increase in grip strength
in men when using the cathode, and a decrease in grip
strength in women with the anode, there is no statistical
significance to support these variations. It would be
interesting to develop more research regarding the use
of DC for the purposes of neuromuscular facilitation,
using models with another dosage and a greater number
of interventions over time. This is the first work that
tries to assess changes in neuromuscular activation
when working with DC. It is proposed to continue
with research in this area, giving value to the results of
the FMdif obtained for men and women by using the
effects of the cathode and anode respectively.
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