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THEORETICAL FRAMEWORK  

Electrical stimulation  

Electrical stimulation is the use of electric currents in order to generate a muscle contraction. 

The objectives of this therapy are replacing insufficient voluntary contraction, prevention or 

treatment of atrophy, treatment of sarcopenia, muscle strengthening and performance. (1) 

Neuromuscular electrical stimulation (NMES) is used when the peripheral nervous system is 

unharmed, acting on the nerve (1-3), aiming to generate muscle contraction with no voluntary 

activation or functional movement by the patient. (4).   

The result of training, whether by electro-stimulation or by voluntary contraction, will be in 

relation to the force produced in the sessions. In order for muscle strength and trophism to be 

maintained, minimum contraction levels of 20% of the maximum voluntary isometric 

contraction (MVIC) must be repeatedly attained. Peaks of strength of 30 to 50 % of maximum 

voluntary isometric contraction (MVIC) are required to improve muscle performance (5). To 

achieve hypertrophy, values of 50 to 60% of MVIC must be reached (6). Other variables that 

affect strength gain with NMES are the type of contraction elicited and the angle at which the 

training is performed. (7) 

The magnitude of the contractile response in neuromuscular stimulation is related to the 

parameters of the electrical current, such as pulse duration, intensity, frequency, and contraction 

and relaxation times (8). These variables should allow maximum force peaks to be generated 

with minimum nociceptive sensation (9).  

Current variables used in electrical stimulation 

Currents used in neuromuscular electrical stimulation have a pulse width of less than 1 ms (10) 

and an intensity between 1 and 120 mA. Pulsed currents can be classified, in terms of their 

waveform, as single-phase and two-phase. Two-phase currents, in turn, can be symmetric, 

compensated asymmetric and uncompensated asymmetric.  
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In low frequency pulsed currents it is possible to modify the phase duration or width, pulse 

duration or width and its frequency. (2, 3) New research also includes a variable called intra-

pulse interval, but this is not yet available in conventional equipment. (8)   

Medium frequency currents, on the other hand, have a carrier frequency (achieving pulses 

without in-between pauses) and a modulation frequency (the number of times the current is 

modulated or varies in one second). This modulation can be in on-off packages, determining a 

duty cycle (Duty Cycle = Emission Time / (Emission Time + Pause Time) or in intensity. 

Russian, Neo-Russian and Australian currents are modulated in on-off packages (also called 

burst modulated currents). (2, 3) 

In addition, currents for electrical stimulation must have ramp-up, ramp-down, contraction time 

and relaxation time (pause), in order to resemble a voluntary contraction. These values are 

adjustable and their unit is seconds. (11) 

The higher the intensity, pulse duration and/or frequency, the greater the contraction. Increasing 

these parameters will increase discomfort and fatigue. (12) 

Medium frequency neuromuscular electrical stimulation 

In the classical literature, medium frequency currents include Russian currents and interferential 

currents (11). Subsequently, Neo-Russian currents were added to this list, whose equipment 

emission differs in several technical aspects from conventional Russian currents (13) and, more 

recently, Aussie currents have been added as well (14). 

Russian currents 

Although Russian currents are very popular in Latin America, there is not much scientific 

evidence and the studies conducted by their inventor, Kots, are controversial. The author studied 

the strength gains, but the patient population comprised teenagers, which could explain why 

there was a large increase in this variable. Another controversial issue is that, in order to 

determine the optimal times of contraction and relaxation, instead of using Russian current, he 

used low-frequency monophasic currents of 1 ms pulse duration and then extrapolated this to 

Russian stimulation. This was called 10-50-10 (10-second contraction, 50-second pause, 10 

repetitions) (15). 

The classical Russian current has a sinusoidal waveform, with a pulse duration of 0.4 ms (400 

us), a carrier frequency of 2500 Hz, modulation frequency of 50 Hz and a duty cycle of 50 % 



 

 4 

(10 ms emission, 10 ms pause) (Fig. 4). It has achieved strength increases when applied in 

combination with isometric exercises (7, 11). 

Neo-Russian currents 

Neo-Russian currents have a symmetrical biphasic rectangular rather than a sinusoidal 

waveform, with the same pulse duration and carrier frequency as Russian currents. They differ 

from them in that their modulation frequency can also be changed (1 to 120 Hz) and different 

duty cycles can be chosen other than 50%. (13).  

These features offer some advantages over Russian currents. Firstly, by varying their 

modulation frequency, they can stimulate different types of muscle fibers, such as I, IIa, IIb and 

IIc  (1). On the other hand, by using duty cycles lesser than 50 % the motor response is higher 

(16) and fatigue is less (17). 

Australian or Aussie currents 

In 2010, Ibramed company released a new current called Aussie in the Latin American market, 

which claims to be more comfortable and to induce greater force than Russian and low 

frequency currents. It has a sinusoidal waveform and uses, in its electro-stimulation mode, a 

pulse width of 1 ms, 1000 Hz carrier frequency, modulated in burst of 4 ms on-time and 16 ms 

off-time when modulated at 50 Hz (14). Unlike the Russian current, this one does not consider 

the duty cycle, as it keeps the burst time steady and modifies the pause between one and the 

next to vary the modulation frequency (14, 18). 

In order to determine the ideal carrier frequency, a first study was conducted using 1 and 35 

KHz (18). Subsequently, the experience was repeated with frequencies from 0.5 to 20 KHz with 

different modulations (1 to 100 % duty cycle). The results showed that to achieve maximum 

torque, a carrier frequency of 1 KHz with a duty cycle of 20% should be used. When comfort 

is the objective, the use of a carrier frequency of 2500 Hz is recommended, as it provides a 

good balance between maximum voluntary isometric contraction (MVIC) and comfort (17). 

Ward then compared low-frequency single-phase current with conventional Russian and Aussie 

currents (14). In this study, he used two phase durations for the single-phase ones, one of 200 

us (0.2 ms), corresponding to the phase duration of the Russian current, and another of 500 us 

(0.5 ms), which coincides with the Aussie one (14). A weakness found in this work is that, 

being these unidirectional currents, the way of connecting the electrodes should have been 

standardized, since the negative electrode is more depolarizing than the positive one, thus 

affecting the force induced in the contraction. The negative pole should be connected to the 
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active electrode, on the motor point (4, 11). If this is the way it was done, it has not been properly 

described in the methodology. (14) 

So far, then, no comparison has been made between Aussie and Neo-Russian currents (with a 

biphasic rectangular waveform) at different duty cycles, nor with RBS, which is the waveform 

most commonly used by good quality portable personal electro-stimulators. Unfortunately, 

Ward's studies also fail to include the fatigue variable, which is of utmost importance in daily 

practice (14, 18). 

Low-frequency currents, rectangular biphasic symmetrical 

Low frequency currents differ structurally from medium frequency currents in that they are 

made up of only one pulse every certain time rather than of a packet of pulses like medium 

frequency currents. Within the low frequency currents we can find the symmetrical biphasic 

(charge-balanced), the unbalanced asymmetrical biphasic, the monophasic and the balanced 

asymmetrical biphasic. All these are also called faradic. (3) It is now suggested that, instead of 

using these waveforms, low frequency rectangular biphasic symmetrical (RBS) waveforms 

should be used, which are available in higher-quality, and therefore more expensive, portable 

equipment. The waveform is important, even when these currents are used for electro-analgesia 

in its TENS (trans-cutaneous electrical nerve stimulation) mode, because it results in better 

analgesic effects. (19) 

According to initial research, RBS are more tolerable and induce greater force than Russian 

currents (5, 9, 20, 21). Other authors, however, suggest that there is no difference in discomfort 

rates between medium and low frequency currents (22). Fukuda, on the other hand, claims he 

has found no difference in the force generated by each of these currents, but the intensity 

reached with Russian currents, as well as their tolerance, were higher (23). 

Some authors have also studied the fatigue induced by currents, their findings indicating that 

low frequency currents cause less fatigue, which makes them more suitable, as they maintain 

the induced force at similar levels during more contractions along the session (20). 

Force – Maximum force induced by electrical stimulation 

Force is defined as "the ability of a muscle to actively generate tension, regardless of the specific 

condition under which such tension is being measured (slow-speed or fast-speed contraction, 

shortening or lengthening condition)" (24). 
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When electro-stimulation is applied, an increase in muscle tension is generated, even when the 

patient does not engage in any voluntary contraction. In research studies seeking to find out 

which one is the best current, the operator increases the current intensity to the maximum 

tolerable by the patient and measures the Electrically-Induced Contractions (MEIC) (12, 14, 

16, 20, 21, 23, 25-30). Another variable having an influence on the MEIC is the frequency of 

the electrical current, being it directly proportional (31). 

There is a directly proportional correlation between MEIC and the strength gain of a training 

session. The scalar magnitude of the force variable is the Newton (N) (5). 

Force measurement or dynamometry 

The force variable is measured with dynamometry. There are isometric and isokinetic 

dynamometers. The latter allows to measure force in a concentric, eccentric and isometric 

manner, thus providing a greater amount of data. The isokinetic dynamometer has been used in 

several of the articles where MEIC and MVIC are analyzed (5, 7, 23, 25, 32). Others, on the 

other hand, opt to use isometric dynamometers with load cells (9, 33). It has been noted that, 

despite their much lower cost, they are very reliable (6, 24, 34, 35). 

The methodology used with isometric dynamometry to measure the MVIC consists in 

performing three maximum isometric contractions of 3 seconds duration (5), with a 120-second 

interval between one and the other (5, 9, 36). The best of the 3 repetitions should be considered 

(23). The subject should be seated in a therapeutic chair with the hip at 110° (23), with the trunk 

well stabilized with straps (37). The knee should be placed in 90° flexion (9, 26, 38-40). The 

patient is instructed to cross his arms over his chest and relax (5). 

The MEIC is usually normalized with the MVIC, being expressed as a percentage of the latter 

(%MVIC). (20, 23) 

Sensory, motor and pain thresholds in electrical stimulation and their correlation with 

tolerance 

The sensory threshold was defined as the level of applied current, slowly increased, at which 

the subject first perceives cutaneous sensation. The motor threshold is the current intensity 

required to produce a threshold contraction. The pain threshold is the intensity producing an 

unpleasant sensation (18). Thresholds vary in women during the different phases of the 

menstrual cycle, regardless of whether they use contraceptives or not; therefore, in research 

involving this variable it is always convenient to recruit only men in order to homogenize the 

sample (41). 
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To measure the discomfort generated by the current, the visual analogue scale (VAS) is 

commonly used, thus establishing a quantitative variable (20, 21). 

When intensity (mA) is used as a variable, it is important to verify that the intensity reported 

by the equipment is the one actually emitted. This measurement is made with an oscilloscope 

connected to the output of the equipment, with a resistive load of 1 KOhm (42). 

Fatigue 

Fatigue is a multidimensional concept combining physiological and psychological aspects. In 

physiology, fatigue is the exercise-induced decrease in the ability to generate strength due to 

central and peripheral changes. The movement itself is preceded and accompanied by brain 

activities related to the preparation and execution of the movement, which have been correlated 

with the perception of effort (43). 

Muscle-specific (peripheral) fatigue can be measured using electro-stimulation through the 

MEIC (43). 

Fatigue in electrical stimulation  

During the application of NMES the force decreases. Some authors claim that the magnitude 

of fatigue is influenced by pulse width, frequency and intensity of electro-stimulation. As 

frequency is increased, the MEIC increases as well, which in turn increases metabolic 

consumption, thus generating fatigue (31). 

Several authors have studied the effect of electro-stimulation with surface electrodes on fatigue, 

finding that medium frequency currents generate more fatigue than low frequency ones (5, 20). 

There are various experimental models to study peripheral fatigue, but the one most used 

consists of applying electrical stimulation, reducing the central component (31). 

There is no doubt that Laufer was one of the authors who researched on electro-stimulation- 

induced fatigue the most. To this end, she used a protocol which starts by measuring the MVIC 

to normalize the data. Then, she measures the MEIC during 21 repetitions, considering the first 

contraction as a hundred percent and the following contractions as a percentage of the first one 

(17). The next step is counting the number of contractions that were equal to or less than 50% 

of the initial strength, thus determining which current is more fatiguing (20). 

Another option for calculating this variable is the determination of the Fatigue Index (FI), which 

consists of describing the percentage of reduction of the force induced between the first phase 
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(Pinit) and last phase (Pfinal), where a higher value indicates less fatigue and an FI = 1 implies 

that no fatigue has occurred. This formula is: FI=1-(Pinit-Pfinal)/Pinit (44). 

OBJECTIVES 

General 

1.  To compare induced isometric force, tolerance and fatigue in healthy subjects from 18 

to 30 years of age, with Neo-Russian, Aussie and RBS currents, in the period from 11-

30-2017 to 12-30-2017. 

Specific 

1.1. To evaluate the isometric force induced by Neo-Russian, Aussie and RBS currents by 

means of isometric dynamometry in healthy subjects from 18 to 30 years of age. 

1.2. To compare the isometric force induced in healthy subjects aged 18 to 30 years by the 

different currents in order to determine which one induces greater force. 

1.3. To evaluate the tolerance of Neo-Russian, Aussie and RBS currents using the Pain 

Visual Analogue Scale (VAS) in healthy subjects from 18 to 30 years of age. 

1.4. To compare tolerance in healthy subjects aged 18-30 years to the three types of current 

in order to determine which one is less unpleasant.  

1.5.  To evaluate fatigue upon application of Neo-Russian, Aussie and RBS currents by 

means of a fatigue test with isometric dynamometry in healthy subjects from 18 to 30 

years of age. 

1.6.  To compare the fatigue induced by the different currents in healthy subjects between 

18 and 30 years of age in order to determine which of the three produces less fatigue. 

MATERIALS AND METHODS 

a. Design type 

Experimental, crossover, randomized study (45). 

 

 b. Location 

The data collection was carried out in the "Ronzio Terapia Física Especializada" Center, 

located at Mendoza 2096, 2 B, in the Autonomous City of Buenos Aires, Argentina, in 

the period from 11-30-2017 to 12-30-2017. 
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c. Universe 

Students pursuing a degree in Kinesiology and Physiatry at the Instituto Universitario 

de Ciencias de la Salud Fundación H.A. Barceló (Autonomous City of Buenos Aires, 

Argentina), at Universidad Maimónides (Autonomous City of Buenos Aires, Argentina) 

and at the Universidad Nacional Arturo Jauretche (Florencio Varela, Buenos Aires, 

Argentina). 

 

d. Population 

Composed of 255 individuals, male (5, 41, 46), students pursuing a degree in 

Kinesiology and Physiatry at the Instituto Universitario de Ciencias de la Salud 

Fundación H.A. Barceló (Autonomous City of Buenos Aires, Argentina), at Universidad 

Maimónides (Autonomous City of Buenos Aires, Argentina) and at the Universidad 

Nacional Arturo Jauretche (Florencio Varela, Buenos Aires, Argentina). 

 

e. Sample 

Composed of 30 individuals according to the sample size estimate.  

 

f. Sample size 

To determine the required sample size, a pilot test was carried out prior to the study, in 

which the 3 types of electrical stimulation were randomly applied to 5 subjects. In order 

to estimate the variability of the sample, the global standard deviation of the 15 

measurements was considered (SD=19.58%). A sample size for a Two-tailed T-Test 

was estimated, assuming an alpha error of 0.05, a power of 0.8 and a delta of 10%. For 

a crossover design only 1/2 of the calculated sample size is required, since the same 

subject contributes to all 3 groups. This results in a sample size of 30 subjects (47). The 

distribution coefficient was 1:1. (48) 

 

g. Sampling:  

Consecutive non-probability. 

 

h. Criteria 

a. Inclusion: Available, healthy, male volunteers between 18 and 30 years of age, with 

right-dominant lower limb, who are physically active (9, 41). 
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b. Exclusion: Having a right-dominant lower limb injury, skin lesions in the quadriceps 

area, having a pacemaker, cardiovascular or neurological diseases (18, 25). Subjects 

who have exercised 72 hours before the protocol (49, 50). 

c. Elimination: Missing one or both appointments for evaluation, the patient’s own 

decision to abandon the protocol while it is being carried out, intolerance to the 

procedure (51). 

 

i. Randomization:  

In order to minimize the potential bias of the order in which interventions are initiated 

(e.g., the effect of fatigue), the randomization sequence was generated prior to starting 

work (9, 23, 25, 52). The number 2 generator, available at 

http://www.randomization.com/, was used for situations where subjects must receive all 

interventions in random order, with balanced permutations, forming 5 x 6 blocks for the 

three currents of interest (53). The results of said distribution were as follows: 

 

1. Aussie - RBS - Neo-Russian. 

2. RBS - Neo-Russian – Aussie. 

3. Aussie - Neo-Russian - RBS. 

4. RBS – Aussie - Neo-Russian. 

5. RBS - Neo-Russian – Aussie. 

6. Aussie - RBS - Neo-Russian. 

7. Aussie - Neo-Russian - RBS. 

8. Aussie - Neo-Russian - RBS. 

9. Neo-Russian – Aussie - RBS. 

10. Neo-Russian – Aussie - RBS. 

11. Aussie - RBS - Neo-Russian. 

12. Neo-Russian – Aussie - RBS. 

13. Neo-Russian - RBS – Aussie. 

14. Aussie - Neo-Russian - RBS. 

15. Neo-Russian - RBS – Aussie. 

16. Neo-Russian - RBS – Aussie. 

17. Aussie - RBS - Neo-Russian. 

18. RBS - Aussie - Neo-Russian. 

19. RBS - Aussie - Neo-Russian. 

20. Aussie - RBS - Neo-Russian. 
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21. Neo-Russian – Aussie - RBS. 

22. Neo-Russian - RBS – Aussie. 

23. Neo-Russian - RBS – Aussie. 

24. Neo-Russian – Aussie - RBS. 

25. RBS - Aussie - Neo-Russian. 

26. RBS - Neo-Russian – Aussie. 

27. Aussie - Neo-Russian - RBS. 

28. RBS - Aussie - Neo-Russian. 

29. RBS - Neo-Russian – Aussie. 

30. RBS - Neo-Russian – Aussie. 

j. Blinding  

The subject was blindfolded so that he would not watch the procedure. The study 

subject did not know the type of current applied and the operator was alien to the work 

and unaware of the hypothesis. The database was coded in order to conceal the 

interventions from the statistical analyst (25, 45). 

k. Ethical aspects  

This protocol was submitted to the Instituto Universitario De Ciencias De La Salud, 

Fundación H. A. Barceló as a research project and was approved by resolution number 

HSC 5745. In addition, it has the relevant clinical trial registration at Clinical Trials 

U.S.A. (www.clinicaltrials.gov), identifier: NCT03340337. 

Participants were given a written document entitled "Information letter and Written 

Consent for Volunteer’s Participation" and also an "Informed Consent" document 

explaining the objectives and purposes of the study, the experimental procedures, any 

known short or long-term risks, possible discomforts; benefits of the procedures applied; 

duration of the study; suspension of the study in the event of negative effects or when 

sufficient evidence of positive effects does not justify continuing with the study, and the 

subjects’ freedom to withdraw from the study at any time they want. The document also 

indicated that the information provided by all participants in the study will be kept 

confidential in the event that the results are presented in scientific events and/or 

published. In case of acceptance, the subject proceeded to sign said documents. 

 

l. Procedures 

a. Checking the emission of the equipment and measuring the intensity 
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The emission of the equipment was corroborated by connecting a resistive load of 

1 Kohm to a PC-based oscilloscope Owon brand, model VDS2062 of 60MHz and 

100MHz bandwidth, then measuring the current intensity. (42) It was also verified 

that the waveforms emitted by the equipment correspond to the theoretical 

characteristics of the currents studied.  

During the MEIC measurement, the intensity shown on the equipment's display was 

recorded and the real intensity was checked on the oscilloscope, considering the 

latter. Some equipment show on their display the peak to peak (PP) intensity, 

therefore, the value from the isoelectric line to the peak of the positive phase, called 

Vamp, was considered for all of them. (54) 

Since the oscilloscope reports voltage, Ohm's law was used to calculate the 

intensity. (3, 11, 55) 

b. Measuring MVIC 

This data was used for normalization of the MEIC. A short 10-minute walk was 

taken to warm-up (23). An isometric dynamometer with load cell and computer 

interface, Fisiomove® brand, Isoforce® model, was used. The patient was 

positioned in a therapeutic chair with the hip at 110° (23, 31), stabilizing the trunk 

(at chest level) and the hip (at the level of the anterior superior iliac spines) with 

straps (37). The knee was placed in 90° flexion (9, 26, 31, 38-40). A goniometer 

was used to correctly position the joints at said angles (12). The patient was 

instructed to cross his arms over his chest and relax (5). The subject was blindfolded 

to prevent him from watching the procedure. The measuring system was attached 

to the distal end of the right lower limb by means of an ankle brace. The subject 

was instructed to perform 3 maximum 3-second contractions with an interval of 120 

seconds between each of them  (9, 23). The best of the 3 repetitions was considered  

(31, 52). Whenever the third one was the best, additional measurements were taken 

until a decrease in torque was obtained in order to determine the maximum (56). 

Work and rest times were controlled by a chronometer and also by the dynamometer 

software. The best of the three contractions and, when necessary, the request for 

additional repetitions to obtain the best one, was automatically determined by the 

software, which also served to store the data that was later transferred to an Excel 

2016 table. 

c. Detecting motor points and positioning electrodes 

The motor points were detected for the correct positioning of the electrodes, which 

allows to increase the generated force (9, 22). First, the skin was cleaned with a 



 

 13 

cotton soaked in alcohol. To detect the points, a Globus brand 600 Pro model 

equipment was used, in which an ad hoc program was executed, with continuous 

emission at 5 Hz, 200 us. In order to locate the motor point of the internal vastus, a 

self-adhesive dispersive electrode of 2" x 4" (5.08 x 10.16 cm) was placed on the 

proximal third of the right thigh, to then search for it with the active electrode –

metal strut-type, wrapped with cotton wool soaked in tap water and covered with 

conductive gel- until determining the point of greatest contraction at the same 

intensity. For the motor point of the anterior rectus, a self-adhesive dispersive 

electrode was placed on the motor point of the internal vastus of the right thigh, to 

then search for it with the active electrode, -metal strut-type, wrapped with cotton 

wool soaked in tap water and covered with a conductive gel- until determining the 

point of greatest contraction at the same intensity. 

Once these points were marked, unused self-adhesive electrodes -Pro-Patch® 

brand, model ProM-030, 2" x 4" (5.08 x 10.16 cm) 2, 57)- were placed on them (52, 

57). Two electrodes were used for each patient. 

d. Measuring MEIC 

After measuring the MVIC, the subject was allowed to rest for 120 seconds (while 

searching for motor points), to then perform the MEIC assessment with all three 

types of electrical currents, which were applied in random order so that the effects 

of one current would not influence the results of the next (23, 25). The 

randomization sequence is the one mentioned above, generated through 

www.randomization.com (53). 

The same isometric dynamometer was used, positioning the subject as indicated 

above. (5, 9, 12, 23, 26, 31, 37-40). 

The patient was asked not to make any voluntary contraction or collaborate in any 

way, but just let the electrical stimulation generate the contraction (20). 

With each type of current, the intensity was increased until it reached the maximum 

tolerable by the subject, which situation was communicated to the operator (23, 25, 

32, 52). Upon reaching said intensity, it was noted down accordingly, and then 3 

contractions of 3 seconds duration were measured by isometric dynamometry, with 

a 120-second pause between them. Once the 3 contractions with the first current 

were measured, the second and then the third type of electro-stimulation followed, 

in the order as randomly determined (9, 23, 25, 52). An interval of 120 seconds was 

also taken between the determinations of the MEIC with each current, in order to 

minimize fatigue (9). The best of the 3 repetitions was considered (9, 23, 31, 52). 
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Whenever the third one was the best, additional measurements were taken until a 

decrease in torque was obtained in order to determine the maximum (56). 

Work and rest times were controlled by a chronometer and also by the dynamometer 

software. The best of the three contractions and, when necessary, the request for 

additional repetitions to obtain the best one, was automatically determined by the 

software, which also served to store the data that was later transferred to an Excel 

2016 table. 

The following parameters were used to perform the MEIC tests (Table 1): 

 

VARIABLE NEO-RUSSIAN AUSSIE RBS 

Emission mode Synchronic Synchronic Synchronic 

Waveform Rectangular 

biphasic 

symmetrical 

Sinusoidal Rectangular 

biphasic 

symmetrical 

Carrier frequency 2500 Hz 1000 Hz - 

Phase duration 200 us 500 us 200 us 

Pulse width 400 us 1000 us 400 us 

Modulation 

frequency 

50 Hz 50 Hz 50 Hz 

Duty cycle 50 % 20 % - 

Burst duration 10 ms. 4 ms. - 

Ramp-up 1 sec. 1 sec. 1 sec. 

On time 3 sec. 3 sec. 3 sec. 

Ramp-down 1 sec. 1 sec. 1 sec. 

Rest time 120 sec. 120 sec. 120 sec. 

Table 1: Parameters for electrical stimulation during MEIC measurement. 

 

e.   Normalizing MEIC data 

In order to normalize the data, MEIC will be expressed as percentage of MVIC (% 

MVIC) (17, 20, 23, 52, 58).The calculation was done in an Excel 2016 table. The 

formula was the following: 

 

% MVIC = (MEIC / MVIC) x 100 
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f.   Determining tolerance to each type of electrical stimulation 

After recording the MEIC with each current, the subject was given a VAS scale and 

was asked to indicate how unpleasant he found the electro-stimulation, with 0 (on the 

left) being "no pain" and 10 (on the right) the equivalent of "crying in pain". 

Numerical data from the VAS was transferred to a Microsoft® Excel® 2016 table 

(20, 21, 57, 59). 

Although an uncomfortable stimulus may not necessarily generate less force, what is 

sought is balance between these variables (14). That is why, considering that a current 

is more effective for electro-stimulation the more force it induces and the less 

discomfort it generates, the coefficient between the % MVIC and the VAS was 

calculated, thus establishing the "ratio" value through the following formula: 

 

Ratio = % MVIC / VAS 

g. Measuring fatigue  

The fatigue induced by the three types of electrical stimulation was measured after 

one week of washout period (20). 

The same isometric dynamometer was used, positioning the subject as indicated 

above. (5, 9, 12, 23, 26, 31, 37-40). 

The motor points were detected and two unused self-adhesive electrodes were placed 

on them (9, 22, 52, 57). 

The patient was instructed to cross his arms over his chest and to relax (5). The 

subject was blindfolded to prevent him from watching the procedure. The studied 

subject did not know the order of the procedures applied and the evaluator was not 

aware of the working hypothesis, thus defining a double-blind study (25, 45). The 

measuring system was attached to the distal end of the right lower limb by means of 

an ankle brace (9). 

The patient was asked not to make any voluntary contraction or collaborate in any 

way, but just let the electrical stimulation generate the contraction (20). The intensity 

was increased until it reached the maximum tolerable by the subject, which situation 

was communicated to the operator (23, 25, 32, 52). Data was taken from the MEIC 

of 21 contractions (20), consisting of 1 second of ramp-up, 3 seconds of contraction, 

1 second of ramp-down (60) and 5 seconds of rest time. The dynamometer was 

configured to collect data for 320 seconds and then the peak values of each of the 21 

contractions were manually reviewed and transferred to Microsoft® Excel® 2016. 
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This variable was identified as maximum voluntary isometric contraction in fatigue 

test (MEIC-F). 

The following parameters were then used to perform the fatigue test (Table 2): 

 

VARIABLE NEO-RUSSIAN AUSSIE RBS 

Emission mode Synchronic Synchronic Synchronic 

Waveform Rectangular 

biphasic 

symmetrical 

Sinusoidal Rectangular 

biphasic 

symmetrical 

Carrier frequency 2500 Hz 1000 Hz - 

Phase duration 200 us 500 us 200 us 

Pulse duration 400 us 1000 us 400 us 

Modulation 

frequency 

50 Hz 50 Hz 50 Hz 

Duty cycle 50 % 20 % - 

Burst duration 10 ms. 4 ms. - 

Ramp-up 1 sec. 1 sec. 1 sec. 

On time 3 sec. 3 sec. 3 sec. 

Ramp-down 1 sec. 1 sec. 1 sec. 

Rest time 5 sec. 5 sec. 5 sec. 

Table 2: Parameters for electrical stimulation during fatigue test. 

h. Normalizing data from the fatigue variable 

Each repetition was expressed as a percentage of MVIC, using the acronym %MVIC-

F, with the following formula:  

% MVIC-Fx = (MEIC-Fx x 100)/MVIC 

Where "x" is the repetition number. 

i. Determining fatigue 

After normalization and determination of %MVIC-Fx, repetition 1 (%MVIC-F1) was 

considered to be 100 %. This variable was coded as R1. Then, it was calculated what 

percentage of R1 the subsequent repetitions corresponded to (where "x" is the 

repetition number: x = 2, 3..., 21 ), by means of the following formula: 
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Rx = (%MVIC-Fx x 100) / MVIC-F1 

The number of repetitions equal to or lower than 50% was then counted, thus 

determining the fatigue induced by each type of electrical stimulation (20).   

i. Calculation of the fatigue index (FI): The data collected during the fatigue test of 

the %MVIC-F were transferred to Microsoft® Excel® 2016 and the percentage 

decrease of the first as compared to the last contraction was calculated using the 

following formula (61): 

FI = 1- (%MVIC-F1 - %MVIC-F21) / %MVIC-F1 

m.   Flowchart 

The experimental design is summarized in Figure 1:

 

Fig. 1: Flowchart of the experimental design. 

n.   Statistical processing of data 

The systematization was computerized and quantitative. The data was transferred to 

Microsoft® Excel® 2016, creating a database in which the data, tables and graphs were 
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normalized. IBM SPSS software, version 22.0 (IBM Corp., Armonk, NY, USA) was used for 

data analysis. A p-value < 0.05 was considered significant.  

Continuous variables were expressed with their mean and standard deviation when assuming a 

normal distribution. Otherwise, the median and the interquartile range (IQR) were reported. 

Categorical variables were reported with their frequency and percentage. 

To meet the specific objectives in 1.2, 1.4 and 1.6, an analysis of the variance of a repeated 

measurement factor was performed in order to determine the effect of three wave types (Aussie, 

NR and RBS) on the %MVIC, tolerance level and fatigue. Independent analyses were 

performed for each outcome variable. Bonferroni correction was applied for the a posteriori 

analyses, as appropriate. Results were expressed as mean difference and their respective 95% 

CI. The assumption of normality was evaluated using the Shapiro-Wilk test. The presence of 

outliers was determined by visual inspection of the box charts. The sphericity assumption was 

evaluated by means of the Mauchly test. When it was not possible to apply the parametric 

ANOVA test, the non-parametric Friedman test and the Wilcoxon test for Bonferroni-corrected 

samples were used for multiple comparisons. 

To meet the specific objective in 1.2, it was analyzed which current shows the highest value of 

%MVIC (%MVIC-Neo-Russian vs. %MVIC-Aussie vs. %MVIC-RBS). 

In order to comply with the specific objective in 1.4, it was analyzed to which of the currents 

the subjects referred a lower VAS value (VAS-Neo-Russian vs. VAS-Aussie vs. VAS-RBS) 

and which of the currents obtained a better ratio, calculated by using the formula mentioned 

above (Ratio-Neo-Russian vs. Ratio-Aussie vs. Ratio-RBS). 

To meet the specific objective in 1.6, a comparison was made considering the number of 

repetitions ≤ 50% of the initial value between the 3 different waves. No assumption of normality 

was made at any of the levels as assessed by the Shapiro-Wilk test (p<0.001) for which the 

Friedman test was used for related samples. For post hoc comparisons the Wilcoxon Test for 

related samples was used with Bonferroni correction for multiple comparisons (R ≤ 50%-Neo-

Russian vs. R ≤ 50%-Aussie vs. R ≤ 50%-RBS). In addition, a comparison was made between 

%MVIC-F1 vs. %MVIC -F21 using the Wilcoxon Test for paired samples.  

To compare fatigue rates between AU, RS and RBS groups, the Friedman non-parametric test 

was used with the Wilcoxon test for post hoc comparisons. Bonferroni correction was applied 

for post-hoc comparisons.  
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SOURCES AND INSTRUMENTS 

• Notebook with Windows, Microsoft Office 2016 package, SPSS 22, Endnote X7. 

• Owon PC-based oscilloscope, model VDS2062 60MHz and 100MHz bandwidth.  

• Fisio-Move® brand computerized digital isometric dynamometer, model Isoforce® 

with its corresponding accessories and software. 

• Bench made ad-hoc to fasten the dynamometer and position the patient.  

• Velcro straps. 

• Blindfolding eye mask. 

• Constant current electrical stimulator, Neo-Russian current transmitter, Ibramed® 

brand, Neurodyn II® model. 

• Constant current electrical stimulator, Aussie® current transmitter, Ibramed® brand, 

model Neurodyn Aussie Sport®. 

• Constant current electrical stimulator, RBS wave transmitter, Globus® brand, model 

600 Pro®. 

• Self-adhesive electrodes, Pro-Patch® brand, model ProM-030, 2" x 4" (5.08 x 10.16 

cm). 

RESOURCES 

This work was financially supported by the Instituto Universitario de Ciencias de la Salud 

Fundación H.A. Barceló, approval No. HSC 5745. 

Measurements were made at the "Ronzio Terapia Física Especializada" Center. 

BIBLIOGRAPHY 

1. Boschetti G. ¿Qué es la electroestimulación? Teoría, práctica y metodología del 

entrenamiento. 2da ed: Paidotribo; 2004. 

2. Carlos J. Clinical Electrotherapy: Physiology and Basic Concepts: A review of concepts 

underlying the clinical application of electrical stimulation.  : APTA; 1990 [8:[ 

3. Watson T. Electroterapia: Practica Basada En La Evidencia. Duodécima ed. España: 

Elsevier; 2009. 

4. McDonough S. Electroterapia: Práctica basada en la evidencia. In: Watson T, editor. 

12º. Barcelona España: ElSevier Churchill Livingstone; 2009. p. 231-52. 

5. Laufer Y, Ries JD, Leininger PM, Alon G. Quadriceps femoris muscle torques and 

fatigue generated by neuromuscular electrical stimulation with three different waveforms. Phys 

Ther. 2001;81(7):1307-16. 



 

 20 

6. Palmieri-Smith RM, Thomas AC, Karvonen-Gutierrez C, Sowers M. A clinical trial of 

neuromuscular electrical stimulation in improving quadriceps muscle strength and activation 

among women with mild and moderate osteoarthritis. Phys Ther. 2010;90(10):1441-52. 

7. Currier DP, Mann R. Muscular strength development by electrical stimulation in healthy 

individuals. Phys Ther. 1983;63(6):915-21. 

8. Kaczmarek P, Huber J, Lisinski P, Witkowska A, Kasinski A. Investigation of the 

relationship between stimulus parameters and a human muscle contraction force during 

stimulation of the gastrocnemius muscle. Artif Organs. 2010;34(2):126-35. 

9. Coarasa Lirón de Robles A, Moros García T, Marco Sanz C, Comín Comín M. 

Variación de parámetros de electroestimulación con corrientes bifásicas de baja frecuencia y 

fuerzas evocadas. . Rehabilitación. 2001;35(5):287-94. 

10. Fernández AM. Electrodiagnóstico y electroestimulación de músculos denervados. 

Fisioterapia. 2001;23:23-35. 

11. Rodriguez Martin JM. Electroterapia en fisioterapia. 2 ed. Madrid: Medica 

Panamericana; 2004. 

12. Becher M, Springer S, Braun-Benyamin O, Laufer Y. The Effect of an Interphase 

Interval on Electrically Induced Dorsiflexion Force and Fatigue in Subjects With an Upper 

Motor Neuron Lesion. Artif Organs. 2016;40(8):778-85. 

13. Ronzio O. Corrientes Rusas: Bases físico-fisiológicas. El Kinesiólogo. 2005;5(14). 

14. Ward AR, Oliver WG, Buccella D. Wrist extensor torque production and discomfort 

associated with low-frequency and burst-modulated kilohertz-frequency currents. Phys Ther. 

2006;86(10):1360-7. 

15. Ward AR, Shkuratova N. Russian electrical stimulation: the early experiments. Phys 

Ther. 2002;82(10):1019-30. 

16. Ward AR, Robertson VJ, Ioannou H. The effect of duty cycle and frequency on muscle 

torque production using kilohertz frequency range alternating current. Med Eng Phys. 

2004;26(7):569-79. 

17. Laufer Y, Ries JD, Leininger PM, Alon G. Quadriceps Femoris Muscle Torques and 

Fatigue Generated by Neuromuscular Electrical Stimulation With Three Different Waveforms. 

2001. 

18. Ward AR, Robertson VJ, Makowski RJ. Optimal frequencies for electric stimulation 

using medium-frequency alternating current. Archives of Physical Medicine and Rehabilitation. 

2002;83(7):1024-7. 

19. Ronzio O, Villa C. Analgesic effects of monophasic and biphasic tens with two different 

phase durations on cold-induced pain in normal subjects. Physiotherapy. 2015;101:e1295-e6. 



 

 21 

20. Laufer Y, Elboim M. Effect of burst frequency and duration of kilohertz-frequency 

alternating currents and of low-frequency pulsed currents on strength of contraction, muscle 

fatigue, and perceived discomfort. Phys Ther. 2008;88(10):1167-76. 

21. Vaz MA, Aragao FA, Boschi ES, Fortuna R, Melo Mde O. Effects of Russian current 

and low-frequency pulsed current on discomfort level and current amplitude at 10% maximal 

knee extensor torque. Physiother Theory Pract. 2012;28(8):617-23. 

22. Liebano RE, Machado Alves L. Comparação do índice de desconforto sensorial durante 

a estimulação elétrica neuromuscular com correntes excitomotoras de baixa e média frequência 

em mulheres saudáveis. Rev Bras Med Esporte. 2009;15(1):50-3. 

23. Fukuda TY, Marcondes FB, Rabelod NdA, Vasconcelos RAd, Junior CC. Comparison 

of peak torque, intensity and discomfort generated by neuromuscular electrical stimulation of 

low and medium frequency. Isokinetics and Exercise Science. 2013;21:167–73. 

24. Antunes de Vasconcelos R, Bevilaqua-Grossi D, Shimano AC, Jansen Paccola C, 

Salvini TF, Lanatovits Prado C, et al. Confiabilidade e validade de um dinamômetro isométrico 

modificado na avaliação do desempenho muscular em indivíduos com reconstrução do 

ligamento cruzado anterior. Rev Bras Ortop. 2009;44(3):214-24. 

25. Laufer Y. A brief interphase interval interposed within biphasic pulses enhances the 

contraction force of the quadriceps femoris muscle. Physiother Theory Pract. 2013;29(6):461-

8. 

26. Scott Bickel C, Gregory CM, Azuero A. Matching initial torque with different 

stimulation parameters influences skeletal muscle fatigue. The Journal of Rehabilitation 

Research and Development. 2012;49(2):323. 

27. Lieber RL, Kelly MJ. Factors Influencing Quadriceps Femoris Muscle Torque Using 

Transcutaneous Neuromuscular Electrical Stimulation. Physical Therapy. 1991;71(10):715-21. 

28. Liebano RE, Waszczuk S, Jr., Correa JB. The effect of burst-duty-cycle parameters of 

medium-frequency alternating current on maximum electrically induced torque of the 

quadriceps femoris, discomfort, and tolerated current amplitude in professional soccer players. 

J Orthop Sports Phys Ther. 2013;43(12):920-6. 

29. Scott W, Adams C, Cyr S, Hanscom B, Hill K, Lawson J, et al. Electrically Elicited 

Muscle Torque: Comparison Between 2500-Hz Burst-Modulated Alternating Current and 

Monophasic Pulsed Current. J Orthop Sports Phys Ther. 2015;45(12):1035-41. 

30. Scott WB, Causey JB, Marshall TL. Comparison of maximum tolerated muscle torques 

produced by 2 pulse durations. Phys Ther. 2009;89(8):851-7. 



 

 22 

31. Behringer M, Grutzner S, Montag J, McCourt M, Ring M, Mester J. Effects of 

stimulation frequency, amplitude, and impulse width on muscle fatigue. Muscle Nerve. 

2016;53(4):608-16. 

32. Laufer Y, Snyder-Mackler L. Response of male and female subjects after total knee 

arthroplasty to repeated neuromuscular electrical stimulation of the quadriceps femoris muscle. 

Am J Phys Med Rehabil. 2010;89(6):464-72. 

33. Vargas Luna JL, Krenn M, Lofler S, Kern H, Cortes RJ, Mayr W. Comparison of Twitch 

Responses During Current- or Voltage-Controlled Transcutaneous Neuromuscular Electrical 

Stimulation. Artif Organs. 2015;39(10):868-75. 

34. Climent SO, Carreño JG, Garrido JVB, Rodríguez ÁD. Valoración de la fuerza 

isométrica máxima (FIM) de los grupos musculares flexores de cadera y extensores de rodilla, 

en personas sedentarias de 65 años o más. Lecturas, educación física y deportes - Revista Digital 

[Internet]. 2008 Julio 2008; 13(122). Available from: 

http://www.efdeportes.com/efd122/valoracion-de-la-fuerza-isometrica-maxima-en-personas-

sedentarias-mayores.htm. 

35. Guimarães RM, Pereira JS, Batista LA, Scianni CA. Dinamómetro manual adaptado: 

medición de la fuerza muscular del miembro inferior. 2008. 

36. Schneider P, Benetti G, Meyer F. Muscular strength of 9-18-year old volleyball athletes 

through computational dynamometry. Revista Brasileira de Medicina do Esporte. 

2004;10(2):85-91. 

37. Deley G, Denuziller J, Babault N, Taylor JA. Effects of electrical stimulation pattern on 

quadriceps isometric force and fatigue in individuals with spinal cord injury. Muscle & Nerve. 

2015;52(2):260-4. 

38. Bryanton MA, Carey JP, Kennedy MD, Chiu LZ. Quadriceps effort during squat 

exercise depends on hip extensor muscle strategy. Sports biomechanics / International Society 

of Biomechanics in Sports. 2015:1-17. 

39. Hansen EM, McCartney CN, Sweeney RS, Palimenio MR, Grindstaff TL. Hand-held 

Dynamometer Positioning Impacts Discomfort During Quadriceps Strength Testing: A Validity 

and Reliability Study. International journal of sports physical therapy. 2015;10(1):62-8. 

40. Ploutz-Snyder LL, Manini T, Ploutz-Snyder RJ, Wolf DA. Functionally Relevant 

Thresholds of Quadriceps Femoris Strength. Journal of Gerontology. 2002;57A(4):9. 

41. Barbosa MB, Guirro EC, Nunes FR. Evaluation of sensitivity, motor and pain thresholds 

across the menstrual cycle through medium-frequency transcutaneous electrical nerve 

stimulation. Clinics. 2013;68(7):901-8. 

http://www.efdeportes.com/efd122/valoracion-de-la-fuerza-isometrica-maxima-en-personas-sedentarias-mayores.htm
http://www.efdeportes.com/efd122/valoracion-de-la-fuerza-isometrica-maxima-en-personas-sedentarias-mayores.htm


 

 23 

42. Reilly JP. Applied bioelectricity: from electrical stimulation to electropathology: 

Springer Science & Business Media; 2012. 

43. Berchicci M, Menotti F, Macaluso A, Di Russo F. The neurophysiology of central and 

peripheral fatigue during sub-maximal lower limb isometric contractions. Front Hum Neurosci. 

2013;7:135. 

44. Larsen R, Lund H, Christensen R, Rogind H, Danneskiold-Samsoe B, Bliddal H. Effect 

of static stretching of quadriceps and hamstring muscles on knee joint position sense. British 

journal of sports medicine. 2005;39(1):43-6. 

45. González Bravo FE, Pérez Cortés MdC. Diseño y estructura de un proyecto de 

Investigación en Salud. 1a ed2007. 

46. Maffiuletti N, Morrelli A, Martin A, Duclay J, Sartorio MBMJFAA. Effect of gender 

and obesity on electrical current thresholds. Muscle & Nerve. 2011;44(2):202-7. 

47. Kraemer HC, Blasey C. How many subjects?: Statistical power analysis in research: 

Sage Publications; 2015. 

48. CONSORT 2010 checklist of information to include when reporting a randomised trial 

2010 [Available from: 

https://www.google.com.ar/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEw

ia2-vu5bvYAhXCipAKHcuwC74QFgglMAA&url=http%3A%2F%2Fwww.consort-

statement.org%2Fmedia%2Fdefault%2Fdownloads%2Fconsort%25202010%2520checklist.p

df&usg=AOvVaw3Xg9lbRto6SH0COWzWcBTc. 

49. Brown D, Chevalier G, Hill M. Pilot study on the effect of grounding on delayed-onset 

muscle soreness. J Altern Complement Med. 2010;16(3):265-73. 

50. Sellwood KL, Brukner P, Williams D, Nicol A, Hinman R. Ice-water immersion and 

delayed-onset muscle soreness: a randomised controlled trial. British journal of sports 

medicine. 2007;41(6):392-7. 

51. Bergquist AJ, Babbar V, Ali S, Popovic MR, Masani K. Fatigue reduction during 

aggregated and distributed sequential stimulation. Muscle Nerve. 2016. 

52. Bellew JW, Allen M, Biefnes A, Grantham S, Miglin J, Swartzell D. Efficiency of 

neuromuscular electrical stimulation: A comparison of elicited force and subject tolerance using 

three electrical waveforms. Physiother Theory Pract. 2018;34(7):551-8. 

53. Dallal GE. Randomization.com 2007 [updated 29/03/2013. Available from: 

http://www.randomization.com/. 

54. OWON. Manual uso OWON 2013 [Manual de uso osciloscospio]. Available from: 

http://www.owon.com.hk/products_owon_vds_series_pc_oscilloscope. 

https://www.google.com.ar/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwia2-vu5bvYAhXCipAKHcuwC74QFgglMAA&url=http%3A%2F%2Fwww.consort-statement.org%2Fmedia%2Fdefault%2Fdownloads%2Fconsort%25202010%2520checklist.pdf&usg=AOvVaw3Xg9lbRto6SH0COWzWcBTc
https://www.google.com.ar/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwia2-vu5bvYAhXCipAKHcuwC74QFgglMAA&url=http%3A%2F%2Fwww.consort-statement.org%2Fmedia%2Fdefault%2Fdownloads%2Fconsort%25202010%2520checklist.pdf&usg=AOvVaw3Xg9lbRto6SH0COWzWcBTc
https://www.google.com.ar/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwia2-vu5bvYAhXCipAKHcuwC74QFgglMAA&url=http%3A%2F%2Fwww.consort-statement.org%2Fmedia%2Fdefault%2Fdownloads%2Fconsort%25202010%2520checklist.pdf&usg=AOvVaw3Xg9lbRto6SH0COWzWcBTc
https://www.google.com.ar/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwia2-vu5bvYAhXCipAKHcuwC74QFgglMAA&url=http%3A%2F%2Fwww.consort-statement.org%2Fmedia%2Fdefault%2Fdownloads%2Fconsort%25202010%2520checklist.pdf&usg=AOvVaw3Xg9lbRto6SH0COWzWcBTc
http://www.randomization.com/
http://www.owon.com.hk/products_owon_vds_series_pc_oscilloscope


 

 24 

55. Martin A, Grospretre S, Vilmen C, Guye M, Mattei JP, Y LEF, et al. The Etiology of 

Muscle Fatigue Differs between Two Electrical Stimulation Protocols. Med Sci Sports Exerc. 

2016;48(8):1474-84. 

56. Delitto A, Strube MJ, Shulman AD, Minor SD. A study of discomfort with electrical 

stimulation. Physical therapy. 1992;72(6):410-21. 

57. Bellew JW, Sanders K, Schuman K, Barton M. Muscle force production with low and 

medium frequency burst modulated biphasic pulsed currents. Physiother Theory Pract. 

2013;30(2):105-9. 

58. Bellew JW, Beiswanger Z, Freeman E, Gaerte C, Trafton J. Interferential and burst-

modulated biphasic pulsed currents yield greater muscular force than Russian current. 

Physiother Theory Pract. 2012;28(5):384-90. 

59. Price DD, McGrath PA, Rafii A, Buckingham B. The validation of visual analogue 

scales as ratio scale measures for chronic and experimental pain. Pain. 1983;17(1):45-56. 

60. McDonnell MK, Delitto A, Sinacore DR, Rose SJ. Electrically elicited fatigue test of 

the quadriceps femoris muscle. Description and reliability. Phys Ther. 1987;67(6):941-5. 

61. Laubacher M, Aksöz EA, Binder-Macleod S, Hunt KJ. Comparison of proximally 

versus distally placed spatially distributed sequential stimulation electrodes in a dynamic knee 

extension task. Eur J Transl Myol. 2016;26(2):110-5. 

 


