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INTRODUCTION

Neuromuscular electrical stimulation (NMES) is a widely accepted exercise

technique used to supplement maximum voluntarycontractions (MVC) and increase

muscular torque production 1.3. Within the rehabilitative setting, NMES has been used to

neuromuscularly re-educate, restore and optimize motor unit recruitment inhibited post­

surgery or via pathology 4.'). Muscular inhibition normally exists within different muscle

groups during MVC relative to age, individual motivation, and training level 8, 10.

Training asymptomatic individuals via superimposed NMES and voluntary contractions

enhances torque production by increasing motor unit recruitment 11,12. Superimposed

alternating current involving trained and untrained subjects coupled with concentric

andlor eccentric exercise has been proven to increase muscular torque production more

than exercise alone It, 12. However, a review often superimposed NMES training studies

revealed inconclusive and controversial results and only one of the studies involved direct

current NMES superimposed during isokinetic training and results indicated torque

production was not different than voluntary contractions alone 13.17. Recommendations

of these studies include electromyography (EMG) assessment to help determine the

mechanisms ofsuperimposed muscular activity on increases in strength or power 18.

Unfortunately, to our knowledge EMG has not been utilized to assess the effects of direct

or alternating current NNIES with superimposed contractions. Additionally, no studies

have utilized isometric exercise superimposed with direct current.

Therefore the purpose of this study was to investigate the effect of superimposed

direct and alternating current on quadriceps femoris isometric torque production via

1



EMG assessment following a six-week training period with healthy intermediately

trained subjects. It was hypothesized that isometric torque training superimposed with

direct or alternating current will elicit greater motor unit recruitment resulting in

increased torque production when compared to controls.
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METHODS

EXPERIMENTAL APPROACH TO THE PROBLEM

A single blind randomized 3 x 3 ANDVA with repeated measures (RM) was used

to analyze the effect of isometric exercise with superimposed NMES direct and

alternating current had on intermediately trained participants at a 60 degree knee flexion

angle following a six-week training period. Independent variables consisted of: group

[Direct Current (DC), Alternating Current (AC) and Control (CON)]; and test (PRE,

MID, and POST training periods). Dependent variables consisted of thigh girth (at 5, lO,

15, & 20 cm from the superior pole of the patella), quadriceps femoris isometric torque

production at 60 and 90 degrees of knee extension, and integrated electromyographic

(iEMG) activity of the quadriceps femoris (vastus medialis (VM), vastus lateralis (VL),

and rectus femoris (RF» muscles.

PARTICIPANTS

Participants were 30 healthy intermediately resistance trained male volunteers

aged 18 to 34 years of age (23 ± 3.1 yrs) from the university and greater local

community. Participant demographics are listed in Table I. The American College of

Sports Medicine (ACSM) classification of intermediately trained participants is defined

as six months of consistent resistance training 19,20. All volunteers were screened by a

medical doctor prior to the study via a Pre-participation Medical History and Physical

Activity Readiness Questionnaire (Appendix D). Study exclusionary criteria included

history of knee surgery, knee injury, pacemaker, history ofblood clots, neurological



disease, cardiopulmonary disease, and exercise contraindications outlined by the ACSM

(Appendix C), or the stated inability to complete the study. All volunteers signed an

informed consent form approved by the Universities Human Studies Program prior to

participating in study (Appendix A).

PROCEDURES

Experimental Protocol Overview

All data collection and isometric training were conducted in the University's

Athletic Training Education laboratory by the same National Athletic Trainers'

Association Board ofCertification (BOC) Certified Athletic Trainer (ATC). The ATC

randomly assigned each single blinded training group: Isometric quadriceps contraction

superimposed with direct current (DC), isometric contraction superimposed with

altemating current (AC), and isometric contraction only (CON). and collected all

measurement data [thigh girth, isometric torque. and iEMG]. All participants were

familiarized with the data collection and training procedures prior to the start of the

study. Anthropometric data, including blood pressure (mmHg) were assessed and a five­

minute cycle ergometer warm-up was provided before all data collection tests and

training sessions. All test data and training conditions were administered to participants'

right legs. Prior to all Maximum Voluntary Isometric Contraction (MVIC) data

collection tests and training sessions participants completed four ten-second (duration)

isometric contractions at 50. 60, 80, and 90% of their MVIC torque outputs followed by a

two minute rest period. Participants were instructed to maximally extend their knees
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against the Biodex knee attachment ann for a ten seconds duration after which a three­

second countdown was used to initiate MVIC data collection and training.

Data collection tests: consisted ofcircumference assessment of the right thigh

relaxed and maximally contracted with a "Gulick" tape measure at 5, 10, 15, and 20 em

above the superior pole of patella (See Appendix J); MVIC of quadriceps extension

torque was assessed randomly at 60 and 90 degrees of knee flexion on a Biodex System 3

Pro dynamometer (Biodex Medical Systems, Inc., Shirley, New York); surface integrated

electromyography (iEMG) activity was assessed during MVICs with a Biopac MP30

EMG device (BIOPAC Systems, Inc., Santa Barbara, CAl. Electromyographic signal

data were captured at 2,000 Hz with the gain set at 2,500 Hz and a band pass filter set at

30-500 Hz and stored for analysis with Acknowledge software from the vastus lateral is

(VL), the rectus femoris (RF), and vastus medialis (VM) muscles. Data were collected at

baseline (PRE/Pre-test), after three weeks oftraining (MID), and at the end of the six

week training period (POST). Quantified muscular activity recording were presented as

mean and peak integrated signals measured in microvolts (J!V). Single blinding

participants involved placement of a standard cardboard box over the DC and AC

stimulators during all training sessions. Testing involved two randomly ordered MVICs

at 60 and 90 degrees of knee flexion. No subsequent verbal, visual, or tactile

encouragement was provided during data collection test periods.

Training: Maximal Voluntary Isometric COlitraction (~[VIC) training was

initiated within two days of the familiarization and pre-test data collection period.

Training consisted of 10 MVIC quadriceps extension repetitions at 60 degrees of knee

flexion for a five second duration (hold), and three sets, separated by two-minute rest
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periods, three times per week, for six weeks . Each supervised training session lasted

approximately 20 minutes. Both DC and AC groups trained concurrently with

superimposed electrical stimulation. Superimposed NMES intensity was adjusted for

each subject via a Visual Analog Pain Scale (VAPS) as natural electrical stimulation

accommodation occurred. Superimposed direct current was administered with an

Accelerated RCCOVC/JI Performance RX100 (ARP) (Apple Valley, MN) stimulator.

Alternating current was administered with a Forte 200 Stimulator (ACS) (DJO LLC,

Vista, CA). The VAPS was utilized to ensure that no pain was experienced with

stimulation following any changes in stimulation intensity (Appendix E). Electrical

stimulation remained on during exercise and rest periods . During the rest periods,

participants were given an option to increase stimulation intensity as accommodation to

stimulation occurred 22,23. Initial stimulation intensity, as well as any changes in

stimulation intensity was recorded on an electrical stimulation intensity form (Appendix

F and G). A sham stimulator was not utilized to blind the CON group during training

sessions. The CON group performed identical quadriceps exercise, repetitions, and sets

without electrical stimulation.

Stimulation intensity was based on participant's perceived stimulation comfort

and was increased accordingly to the strongest current intensity tolerated without

experiencing pain. A standardized script was read to subjects to facilitate the

achievement of adequate electrical stimulation intensity without causing pain (see

Appendix I).

Surface Integrated EJ'IG Measurement (iEJ'IG) Electrode placement. Prior to

electrode placements on the right thigh vastus lateralis (VL), rectus femoris (RF), and
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vastus medialis (VM), skin surfaces were shaved then alcohol pads and coarse sponges

were used to slightly abrade the electrode placement sights for optimal electrical contact.

Skin impedance was measured with the electrode checker function on the

electromyography unit and only values below 50 kilo-ohms were accepted 21.

Participants were positioned supine on a treatment table with right leg in full extension.

The VL reference point was marked at 50 percent of distance between the most

prominent point of the greater trochanter and the lateral femoral epicondyle (54)

(Appendix K). The RF reference point was marked at the midpoint between the anterior

superior iliac spine and apex of patella (Appendix K). The VM reference point was

marked at 20 percent of the distance between the medial knee joint line and the anterior

superior iliac spine (Appendix K). Negative and positive electrodes were placed I em

proximal and distal respectively from each reference point (2 em inter-electrode

distance). The ground electrode was placed on the contralateral tibia, 6 centimeters

inferior to the tibial tuberosity (Appendix K). Electrode placements were recorded via

tracings on a transparent plastic template to ensure reproducibility among the three data

collection test periods.

DC ami AC Electrode Placement Electrode placement for DC and AC groups

was based on quadriceps motor points determination via minimal DC intensity with

maximal motor unit recruitment of the VL, RF, VM. Motor point replication and

subsequent electrode placement was established with a transparent plastic template

tracing and bony landmark location (i.e. superior patella border and femoral triangle) for

replication during training. Following AC or DC electrode placement (positive, negative
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& ground) a standard large goniometer was used to place the right knee at 60 degrees of

flexion with subsequent Biodex goniometer matched adjustment.

Biodex Dynamometer Protocalfor il'IVICil'!easllremel1t. Prior to MVIC

assessment of each subject the Biodex was calibrated to ensure data reliability. The

Biodex seat back was adjusted via a standard large goniometer to allow 110 degrees of

hip flexion relative to the midline of the trunk. Participant's arms were crossed upon

their chests and two "Velcro" straps were used to stabilize the upper torso over their

crossed arms, two additional "Velcro" straps were used to secure the hips and right thigh

to the Biodex chair to provide stability and to prevent substitution (Appendix L). The

axis of rotation of the knee extension attachment arm was aligned with the most

prominent point of the lateral femoral epicondyle (knee axis). The knee extension

attachment limb pad was adjusted to accommodate the participant's leg length and

adjusted to prevent dorsiflexion limitation of the ankle joint. Adjustable components of

the dynamometer were recorded on a Biodex positioning sheet (Appendix H) to ensure

replication among data collection test periods. Once secured, participant's knee range of

motion while seated was assessed via a standard large goniometer and recorded via

Biodex software. Gravity correction was calibrated with the right knee fully extended

(180 degrees) to account for limb weight.
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STATISTICAL ANALYSIS

Descriptive statistics including means, standard deviations, and ranges were

generated for all demographic characteristics and variables of interest. The statistical

model for this prospective study included individual 3 x 3 repeated measures analysis of

variance (ANOYA) with repeated measures (RM) for each dependent variable (Limb

Girth [5, 10, 15, and 20 cm non-contractedl contracted], MVIC [60 and 90 degrees], and

iEMG of rectus femoris, vastus lateralis, and vastus medialis). Mauchly's Test of

Sphericity was performed to ensure variance between groups were equal. If the

assumption of sphericity was violated an adjustment was made with Greenhouse-Geisser

Correction. A second analysis was performed using a one-way ANOVA to compare

means between testing periods (PRE to MID, MID to POST, and PRE to POST). All

statistical analyses were completed using SPSS v 20.0 (IBM, Armonk, NY, USA) with

the alpha level set at p <0.05. When results were significant, a Tukey's honestly

significant difference test was performed.
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RESULTS

Participant demographic data for each data collection period are listed in table 1.

Table 1: Mean and Standard Deviation of Participant Demographics

Mean and Standard Deviation of Participant
Demographics

PRE-TEST
DC AC CON

Age (yrs) 23.60 ± 3.06 23.90 ± 1.96 23.70 ± 4.22

Height (em) 177.95 ± 2.78 178.04 ± 7.09 180.68 ± 7.62

Body Mass (kg) 75.33 ± 10.54 77.75 ± 13.38 88.35 ± 12.89

MID-TEST
DC AC CON

Age (yrs) 23.60 ± 3.06 24.00 ± 2.05 23.90 ± 4.04

Height (em) 178.05 ± 2.92 178.29 ±7.18 181.35 ± 7.87

Body Mass (kg) 76.16 ± 10.03 81.44 ± 11.35 88.01 ± 13.11

POST-TEST
DC AC CON

Age (yrs) 23.90 ± 2.88 24.00 ± 2.05 23.90 ± 4.04

Height (em) 178.10 ± 2.93 178.14 ± 6.87 180.82 ± 8.15

Body Mass (kg) 76.05 ± 9.83 81.68 ± 11.40 87.69 ± 13.79

Mean ± Standard Deviation, DC= Direct Current AC= Alternating Current,
CON= Control. Yrs=Years cm= centimeters kg = kiloqrams
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Muscular Strength

Maximum voluntary isometric contraction mean and standard deviation values for each

test period and group are presented in Table 2. Mauchly's test indicated that the

assumption ofsphericity was violated for MVIC at 60 degrees (MVIC60), ·i (2) =

14.158, p<.05. A Greenhouse-Giesser estimate of sphericity corrected the degrees of

freedom, E= .704, for the main effect of test period with MVIC60. No significant main

effects were revealed among groups (p>0.05) at 60 or 90 degrees. A significant main

effect for test period was revealed for both MVIC60, F (1.4,3803 = 43.61, p<O.OOOI and

MVIC at 90 degrees (MVIC90), F (2. 54) = 7.08, p=0.002 (See Table 2). Contrasts

revealed MVIC60 significantly differed from PRE to MID, F (1,27) = 39.02, p<O.OOOI and

from MID to POST, F (1,27) = 19.02, p<O.OOOl. However, contrasts with MVIC90

resulted in a significant difference only from PRE to MID, F (1, 27) = 10.74, p=0.003. No

significant test period interactions or main effects for condition with either MVIC test

position (p>.05) were found. A one-way ANDVA revealed no significant difference

between MVIC60 and MVIC90 means (p>.05).

11



Table 2: Mean and Standard Deviation of Maximum Voluntary Isometric
C 60 d90Dontractlon at an earees

Mean and Standard Deviation of MVIC at 60
Degrees (ft. Ibs.)

PRE MID POST
DC 140.4 ± 24.6 171.4 ± 23.5* 187.7 ± 31.8**
AC 142.8 ± 31.4 181.3 ± 35.3* 198.7 ± 48.9**
CON 168.2 ± 40.9 208.9 ± 52.7* 226.4 ± 59.1**

Mean and Standard Deviation of MVIC at 90
Degrees

PRE MID POST
DC 156.5 ± 35.1 171.9 ± 34.5* 173.6 ± 36.5*
AC 151.6± 51.0 173.7 ± 48.8* 177.2 ± 56.6*
CON 185.6 ± 68.2 228.8 ± 68.4* 217.2 ± 56.5*

MVIC = Maximum Voluntary Isometric Contraction (Values measured in Foot-
Pounds), MVIC ± Standard Deviation, DC= Direct Current, AC= Alternating
Current, CON= Control * Statistically Significant p < .05 from PRE;
**Statistically Significant from PRE and MID

Neuromuscular Activation

Integrated EMG mean and standard deviation values for each test period and

group are presented in Tables 3, 4,5, and 6. These iEMG signals are presented in

Figures 9, 10, and 11. No significant main effects were revealed among groups (p>0.05)

at 60 or 90 degrees. A significant main effect of data collection test period was noted

with vastus lateralis at 60 degrees (VL60) mean, F (2. 54) =24.19, p<O.OOO I and peak

values, F (2. 54) = 17.45, p<O.OOO1 (See Table 5). Contrasts revealed iEMG values of
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VL60 mean, F (1.27)=27.57, p<O.OOOI and peak, F (1,27) = 19.88, p<O.OOOI significantly

differed from PRE to MID (See Figures 3 and 4). Similarly, a significant main effect of

test period was also observed with vastus lateralis at 90 degrees (VL90) mean, F (2.52)

=12.20, p<O.OOOI and peak values, F (2.52)= 8.85, p<O.OOOI (See Figures 7 and 8).

Contrasts indicated significant differences from PRE to MID with mean, F (\,26)= 21.83,

p<O.OOOI and peak, F (\,26)= 14.91, p<O.OOI, measurements.

Similarly, a significant main effect of test period resulted from mean and peak

iEMGvalues ofrectus femoris (F (2.54) = 9.96, p<O.OOOI and F 2,54) = 5.78, p<O.OOOI

respectively) and vastus medialis (F (2.54) = 5.788, p<0.005, and F (2,54)= 5.36, p=0.007,

respectively) at 60 degrees. Contrasts indicated increases in mean (F (1,27)= 8.08 and F ( I,

27) =6.21, respectively) and peak (F (\.27) =11.61 and F (\.27)= 5.02, for rectus femoris

and vastus medialis, respectively) values from PRE to MID (See Figures I, 2, 5, and 6).

No significantdifferences were observed with rectus femoris and vastus medialis iEMG

measurements at 90 degrees (p>.05). A one-way ANaVA revealed no significant mean

differences with any of the iEMG variables (p>.05).
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Table 3: Mean and Standard Deviation of Rectus Femoris Integrated
Electromyography at 60 Degrees

Mean and Standard Deviation Rectus Femoris Mean
iEMG at 60 Degrees (nlV)

PRE MID POST
DC 0.38 ±.18 0.46 ± .12 ... 0.54 ± .16
AC 0.37 ± .11 0.55 ± .21 ... 0.51 ± .17
CON 0.44 ± .28 0.49 ± .23* 0.58 ± .26

Mean and Standard Deviation Rectus Femoris Peak iEMG
at 60 Degrees

PRE MID POST
DC 0.72 ± .27 0.89 ± .23 * 0.96 ± .23
AC 0.70 ± .20 1.03 ± .35 ... 0.98 ±.47
CON 0.83 ±.50 1.02 ±' .47 ... 1.09 ±.47
Mean or Peak Integrated Electromyography (measured in millivolts) ± Standard
Deviation, DC= Direct Curren t, AC= Alternating Current, CON= Control,
... Statistically Significant p < .05

Table 4: Mean and Standard Deviation of Vastus Medialis Integrated
Electromyography at 60 Degrees

Mean and Standard Deviation Vastus Medialis Mean iEMG
at 60 Degrees

PRE MID POST
DC 0.32 ± .14 0.42 ± .17'" 0.49 ± .27
AC 0.34 ± .24 0.40 ± .IS ... 0.35±.19
CON 0.32 ± .22 0.35 ± .18 ... 0.45 ± .26

Mean and Standard Deviation Vastus Medialis Peak iEMG
at 60 Degrees

PRE MID POST
DC 0.63 ± .26 0.76 ±.30 ... 0.89 ±.49
AC 0.60 ±.32 0.71 ±.23 ... 0.63 ± .39
CON 0.61 ± .38 0.65 ±.32'" 0.81 ±.44
Mean or Peak Integrated Electromyography (measured in millivolts) ± Standard
Deviation, DC= Direct Current, AC= Alternating Current, CON= Control,
... Statistically Significant p < .05
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Table 5: Mean and Standard Deviation of Vastus Lateralis Integrated
Electromyography at 60 Degrees

Mean and Standard Deviation Vastus Lateralis Mean iEMG
at 60 Degrees

PRE MID POST
DC 0.26 ± .07 0.38 ± . IO '" 0041 ± .14
AC 0.23 ± .05 0.31 ± .08 * 0.32 ± .05
CON 0.22 ± .13 0.25 ± .10 ... 0.28 ± .15

Mean and Standard Deviation Vastus Lateralis Peak iEMG
at 60 Degrees

PRE MID POST
DC 0046 ± .13 0.64 ± .21 '" 0.68 ± .27
AC 0.39 ± .08 0.53 ± .13 ... 0.55 ± .12
CON 0.39 ± .24 0042 ± .14 ... 0046 ± .25
Mean or Peak Integrated Electromyography (measured in millivolts) ± Standard
Deviation, DC= Direct Current , AC= Alternating Current , CON= Control,
... Statistically Significant p < .05

Table 6: Mean and Standard Deviation of Vastus Lnteralls Integrated
Electromyography at 90 Degrees

Mean and Standard Deviation Vastus Lateralis Mean iEMG
at 90 Degrees

PRE MID POST
DC 0.32 ± .11 0046 ± .17 ... 0.44± .15
AC 0.26 ± .08 0.34 ± .08 '" 0.32 ± .06
CON 0.28 ± .21 0.31 ± .15 ... 0.32 ± .26

Mean and Standard Deviation Vastus Lateralis Peak iEMG
at 90 Degrees

PRE MID POST
DC 0.55 ± .19 0.78 ± .36 '" 0.72 ± .27
AC 0.43 ± .13 0.58 ± .14 '" 0.56 ± .IO
CON 0.49 ± .37 0.51 ± .23 ... 0.57 ±.49
Mean or Peak Integrated Electromyography (measured in millivolts) ± Standard
Deviation, DC= Direct Current, AC= Alternating Current, CON= Control,
... Statistically Significant p < .05
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Figure 5: Vastus Medialis Mean Integrated Electromyography at 60 Degrees. .-
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Figure 9 PRE Rectus Femoris Integrated Electromyography Signal at 60 Degrees

Participant 022 (Direct Current)

Mean .2037 mV Peak .522 mV

0 .77

0 .00

MID (3 Week)
Mean .2282 mV Peak .5659 mV

"POST (6 Week)
Mean .4441 mV Peak .8819 mV

0 .00

1 .00

0 .00
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Figure 10: PRE Rectus Femoris Integrated Electromyography Signal at 60 Degrees
Participant 029 (Alternating Current)
Mean .2715 mV Peak .6399 mV

0 .S8

0 .00

MID (3 Week)
Mean .3541 mV Peak .8014 mV

0.66

0.00
POST (6 Week)
Mean .4432 mY Peak .8099 mY

0.73

0.37
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Figure 19: PRE Rectus Femoris Integrated Electromyography Signal at 60 Degrees
Participant 032 (CON)
Mean .291I mY Peak .5304 mV

0 .82

MID (3 Weeks)
Mean .4244 Peak.7182

1 .65

0 .82

0 ,00

POST (6 Week)
Mean .5239 Peak .8736

0 .86

0 .0 0
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Thigh Girth

Girth measurement data at all locations (at 5, 10, 15, and 20 cm above superior

pole of patella) were not significantly different in the non-contracted or contracted

positions of knee extension (p > .05) and are presented in Table 7. Additionally no

significant differences were seen among data collection test periods between or among

any of the measurement locations in the non-contracted or contracted positions of knee

extension(p > .05).

Table 7. Mean and Standard Deviation of Thigh Girth

Mean and Standard Deviation of Thigh Girth (em)
5 cm 5 em Contracted

PRE MID POST PRE MID POST

,..QL 42.87 ± 3.82 42.84 ± 4.64 42 .66 ± 3.83 42.66 ± 3.66 43.00 ± 3.72 42.73 ± 3.82

~ 44.71 ± 4.51 44.73 ± 4.12 44.49 ± 4.27 44.73 ± 4.61 44.98 ± 4.28 44.70 ± 4.19
CON 45 .73 ± 5,47 46 .58 ± 4.56 45 .85 ± 4.53 46,15 ± 5.39 46.85 ± 4.75 46.16 ± 4.74

10 em 10 em Contracted
..Qf.- 47.86 ± 3.79 48.27 ± 4.09 47.69 ± 4.10 48.31 ± 3.68 48.22 ± 3.78 48.10 ± 3.97
AC 50.03 ± 5.13 49.95 ± 4.62 49.86 ± 4.69 50.30 ± 5.15 50 .31 ± 4.86 50.12 ± 5.24

I CON 51.04 ± 5.13 51.92 ± 4 .23 51.09 :.l: 4.52 51. 89 :.l: 4.46 51.99 :!: 4.29 51.49 :!: 4.42
15 cm 15 em CONTRACTED

~ 52.33 :.l: 3.68 52.14 :.l: 4.00 52.15 :.l: 4.28 52,42 :.l: 3.67 52.24 :!: 3.92 52.38 :.l: 4.00

~ 54.56 ± 5.21 54.35 :!: 5 .16 54.33 :.l: 4.95 54.38 :!: 5.16 54.46:!: 5.27 54.43 ± 5.11
CON 55.68 :!: 4.29 56.08 :!: 3 .84 55.49 :!: 4.20 56 .54 :!: 4.52 56.40 ± 3.93 55.76 :!: 4.26

20 cm 20 em CONTRACTED

~ 55.39 ± 3.88 55.36 ± 4.34 55 .31 ± 4 .06 55.74 ± 3.94 55.52 ± 4.36 55.42 ± 4.02
AC 57.29 ± 5.21 57.12 ± 5.28 57.26 ± 4.91 57.37 ± 4.93 57.19 ± 5.35 57.45 ± 4.95

'CON 59.36 ± 4.07 59.29 ± 4.18 59 .06 ± 4.58 59.70 ± 4.02 59.59 ± 4.07 59.42 ± 4.70
Mean ± Standard Deviat ion, DC= Direct Current AC= Alternating Current, CON= Control, Yrs=Years
cm=centimeters
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DISCUSSION

This was the first study to compare the effects of superimposed direct and

alternating current on quadriceps femoris isometric torque production while training

isometrically at 60 degrees of knee flexion for six weeks with a control group undergoing

the same training regimen without stimulation. Repeated measures ANOV As revealed

that superimposed electrical stimulation did not increase changes in isometric strength

significantly greater than controls at 60 degrees (p:r=0.942) or 90 degrees (p=0.677) of

knee flexion . The lack of significant finding in this study are supported by previous

research conducted on superimposed alternating current training with isometric

contractions which indicate that results are equally as effective as training without

electrical stimulation 1S.24. Brazerra et a!. also incorporated superimposed isometric knee

extension training program within healthy participants and found no additional training

effects with the trained leg IS. Currier et a!. studied superimposed training among

asymptomatic individuals performing isometric knee extension and concluded that

superimposed training is not any more effective when applied to healthy individuals 24.

However, Currier et a!. speculated that atrophic muscle due to injury may be more

responsive to superimposed training 24.

Repeated measures ANOVAs also revealed no significant difference between or

among groups at 60 and 90 degrees for iEMG output or thigh girth at 5, 10, 15, and 20

em in the non-contracted and contracted states over the six-week isometric training

period. Thus the hypothesis that isometric torque training superimposed with direct or

alternating current will elicit greater motor unit recruitment and muscle hypertrophy

resulting in increased torque production when compared to controls was rejected.
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...
Significant main effects for data collection periods were observed for both MVIC

and iEMG, indicating that strength significantly improved regardless of condition. The

effectiveness of superimposed training for improving muscular strength in previous

studies has been inconclusive 11-18. A direct comparison of studies was difficult due to

discrepancies of training protocols and methodology. A variety of parameters have been

implemented with superimposed training in the previous literature, including: types of

contractions (isotonic, isometric and isokinetic), neuromuscular electrical stimulation

.. I d . . . 11 l" 18 '5'6 I h bId Icurrents, trammg oa ,or training experience . ~I • ~ • "", t as een specu ate t rat

increasing stimulation duration induces greater neuromuscular stimulus resulting in more

notable developments in muscular strength 25. Willoughby and Simpson increased

training load via superimposing AC current during both concentric and eccentric phases

of the isotonic exercise 11,12. They reported that muscular strength training by

superimposed contraction resulted in a greater l-RM and vertical jump height than that

resulting from non-electrically stimulated training. The authors concluded that

superimposed training was a better method in strength training than resistive weight

training alone.

Wolf et al. incorporated direct current superimposed training in asymptomatic

trained individuals and reported that training without electrical stimulation superimposed

training. Although non-significant, they reported that improvement in muscular strength

was greater among participants in the superimposed group compared to the control group.

18 It should be noted that results of that study were obtained with participants

performing a superimposed isokinetic squat. In the present study, muscular activation

within superimposed groups was not significantly different from the CON group after the
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training period. This indicated that the healthy intermediately trained participants were

able to effectively activate their quadriceps femoris to the extent that no further benefit

was gained with the application ofNMES. However, close examination of the figures

show the possibility of improved performance due to superimposed direct current. Both

the Vastus lateralis and the vastus medialis at 60 degrees of knee flexion demonstrated

greater motor unit recruitment in response to direct current stimulation. The vastus

lateralis showed a greater response to direct current training when assessed at 90 degrees

of knee flexion.

Quadriceps strength in the superimposed groups resulted in improvements 30

degrees beyond training angle (60 degrees of knee flexion). Previous researchers have

studied the effects of isometric training on strength and have reported greater gains with

the angle associated with training 27,28 . Typically improvements in isometric strength

have been proven to carry over within plus or minus 20 degrees ofthe training angle 29.

Thus, improvement in peak torque at 90 degrees, as seen in the present study, may

indicate isometric training with NMES increases strength at an angle greater than 20

degree on either side of the training position. Bandy et al. 30 reported the degree of the

carry over effect in isometric training is contingent on the length of muscle upon

exercise. In the present study, greater carryover effect was demonstrated with the

quadriceps femoris in a lengthened position, despite training in a shortened position,

probably due to the position of the cross bridges and length tension optimization. Despite

the possible trend towards a carryover effect, superimposed training was not more

effective than voluntary isometric training in increasing muscular torque.
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Hartsell 31 demonstrated increases in thigh girth with untrained individuals

subjected to superimposed alternating current stimulation. Although gains in that study

were observed with the superimposed group, it should be noted that results were achieved

with the group that started with lowest pre-training values. In an unpublished pilot study

conducted by Richardson et al. 32, the same direct current stimulator used in the current

study was incorporated in post-surgical anterior-cruciate ligament patients rehabilitation

protocol and a 300 percent increase in thigh girth was reported after two months of

training. Isometric exercise is an important therapeutic component when recovering from

injury as it does not stress the joint structures as much as isotonic or isokinetic exercise.

Therefore isometric exercise is usually the first type ofexercise prescribed post

surgically.

In contrast to Hartsell (26), muscular hypertrophy assessed by thigh girth did not

appear to contribute to the improvements in strength in the present study, which may be

due to the use of intermediately trained participants. The results of the current study were

similar to those reported by Currier and Mann 33, who also used superimposed alternating

current with isometric knee extensions and reported quadriceps muscular hypertrophy

was not evident after five weeks oftraining.

Several limitations need to be acknowledged in the present study. The first

limitation was that an appropriate sample size was not obtained. An a priori power

analysis was conducted with a power of .8 and an alpha level ofp < .05. The calculation

was performed with a moderate to small effect size based on Cohen at 0.25. According

to analyses, the current study required a sample size of at least 36 or 12 per a group.

Consequently, this study had low power with only 10 subjects per group. The second
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limitation concerns assessment of muscular hypertrophy. Utilization of thigh girth

measurement may not accurately portray changes in muscular size because of the

inability to differentiate between adipose and muscle tissue 34. Researchers advocate

computerized tomography, ultra-sound, dual energy X-ray absorptiometry, and magnetic

resonance imaging as these methods allow for a more thorough examination of muscular

changes 34,35 . Thirdly, training and testing time were not always consistent due to

conflicting participant schedules, which could have been affected by ones circadian

rhythm. Sedliak et 011. 36 reported time ofday, has an influence on isometric muscular

strength performance due to the fluctuation of diurnal pattern.

In summary, no additional benefit in muscular strength resulted [rom six weeks of

superimposed quadriceps isometric training when compared to isometric training.

Participants might have been able to optimally activate the quadriceps femoris via

voluntary contraction, thus no additive effect resulted from superimposition. No changes

were demonstrated in thigh girth indicating muscular strength improvements were more

likely due to neuromuscular adaption, rather than muscular hypertrophy. Additionally,

the carryover effect for isometric training was greater in the present study than has been

previously reported. It was concluded that within the limitations of the present study

neither superimposed direct or alternating current significantly increased isometric

strength beyond what was achieved by isometric training alone.
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Practical Applications

There is no additional benefit to isometric strength training with electrical

stimulation in heallhy intermediately trained participants. Nonetheless, superimposition

of electrical stimulus may benefit muscular strengthening in rehabilitation, as open chain

exercises are a contraindication with post-surgical ACL patients 37, Often isometric

exercises are implemented in the initial phases ofrehabilitation to address muscular

strengthening. Superimposed trainingmay potentially increase the effects of isometric

training by influencing more of the available range of motion, thus facilitating the

strengthening component of rehabilitation.
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REVIE'V OF LITERATURE

Neuromuscular Electrical Stimulation (NMES) Overview

Several authors have speculated that MVC do not involve complete motor unit

recruitment and that injury, age, and training level affect motor unit recruitment 8, 10.

Consequently, NMES has been utilized on injured and uninjured subjects to facilitate

increases in motor unit recruitment with subsequent muscular strength gains . Previous

research involving alternating and direct current NMES is limited and inconclusive 4.9.

Theoretically when NMES is applied concurrently to specific muscles involved in

training regimens increases in motor unit recruitment results in increases in muscular

torque production and is currently called superimposed muscular training 11, 12. The

additive effect of alternating NMES and strength training regimens has been shown to

increase torque production greater than training regimens alone. Unfortunately, only one

study included direct current 18.

Isometric Contractions

Isometric contractions are commonly prescribed in the rehabilitative setting

following acute injuries and/or circumstances that involve joint injuries where range of

motion is contraindicated. Previous literature indicates that isometric training is specific

and limited to training angle. Lindh 28 studied the effects of isometric strength training

on quadriceps femoris in ten healthy females (mean age 26.5 yr). Participants performed

isometric knee extensions on a Cybex II dynamometer set at 15° of knee flexion with one

leg and 60° with the other leg. The training regimen consisted of three sets often

repetitions. Each repet ition was held for six seconds with six seconds of rest between
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each repetition and two minutes between each set. Participants trained three days a week

with an average of 15 training sessions completed. Maximum isometric contraction

testing was performed at 15° and 60° of knee flexion. Additionally, isokinetic testing

was perfonned at 30 deg/sec and 180 deg/sec. A Wilcoxon's test was used for statistical

analyses. Results indicated significantly greater gains in strength at the trained angle

(Angular Specificity). Improvement was reported with lower isokinetic testing velocities

(30 deg/sec), but not at higher testing velocities. Lindh theorized improvements in low

dynamic strength (30 deg/sec) were a result of the relative similarities with isometric

contractions compared to high dynamic strength testing (180 deg/sec).

Kitai and Sale 27, applied isometric training in an ankle strengthening program

and their results revealed angular specificity. The study included six women (mean age

21.8 ± .4 years old) who trained three days a week for six weeks with the ankle in the

neutral position (90°). Training load per session consisted of two sets of ten contractions

with each maximal contraction held for five seconds with two minutes of rest between

sets . In regards to testing, isometric plantar flexion and dorsi-flexion at 5°, 10°, 15°, 20°

were evaluated. Furthermore, researchers assessed muscular activation through the

method of twitch-interpolation described as an electrical stimulus delivered during

maximal isometric contraction. A change in torque subsequent to stimulus represented

deficiency in muscular activation. A 2-factor ANOVA was used for statistical analysis.

Tukey's post-hoc test followed if results were significant (p S. 05). Application of

twitch-interpolation demonstrated no significant changes at any angle, indicating neural

adaptation was responsible for training response.
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Consequently, Bandy and Hanton 30 reported greater improvements in knee

extension torque across a joint range of motion with the muscle at a lengthened state

during isometric training. Study involved 117 untrained healthy females (mean age 23.8

years old). Participants were divided into 4 groups that trained at different angles

(Control group, 300,600
, and 90° of knee flexion). Isometric knee extension was

performed 3 times a week for 8 weeks. In each session, participants performed 20

contractions held for 6-seconds. Upon completing training, isometric testing was

conducted at 15° increments from 15-105 0 of knee flexion . In addition to strength

testing, electrornyographic data was also collected and used to assess muscular activation.

A two-way multi-variate analysis of variance for repeated measures was performed for

statistical analyses. Tukey's test was used for post-hoc analysis if significance was

found. Authors reported improvements in strength through out a joint range of motion

were also accompanied by an increase neuromuscular activation.

Thepaut-Mathieu et aI. 38 noted improvements in maximum voluntary contraction

throughout a joint angle, although strength gains were always greater at the angle trained.

Researchers also mentioned strength improvement amongst ajoint range of motion was

limited by muscle length. The researchers studied 8 male participants performing

isometric bicep curls 3 days a week over a course of 5-weeks. Participants were divided

into groups: shortened 1200 (S), medium 800 (M), lengthened 25 0 (L), and control (C).

Degrees of groups were representative of elbow joint positioning and related to length of

biceps during exercise. Training sessions were comprised of 5 repetitions at 5 sets (80%

of 1 repetition max). Strength testing and EMG was collected at 250,50°, 80°, 1000
, and

1200 of elbow flexion . A test of variance was used for statistical analysis. McNemar's

32



Test was specifically incorporated for EMG data. Significance level was set at .05. In

agreement with Bandy and Hanton, EMG data was consistent with an increase in

muscular activation. Aside from angular specificity, previous researchers have reported

and acknowledged the effectiveness of isometric training within the biceps brachii,

quadriceps femoris, and triceps surae.

In regards to neuromuscular adaptations associated with isometric training,

Moritani 39 investigated 15 healthy participants (8 females mean age 18.2 years old and 7

males mean age 22 years old) in a 8-week training period. Testing composed of

isometric strength and electromyography was performed every 2 weeks. For training,

participants performed isometric bicep curls with elbow at 90 degrees of flexion 2 times a

day 3 days a week . Exercise consisted of 10 repetitions with a load equal to 2/3 of 1­

repition max. AT-test was carried out for a statistical analysis. Results indicated

strength gains experienced early in training are main!y a result of neurological

adaptations. As the training progressed, muscular hypertrophy emerged as the primary

contributor in strength improvements.

An alternative method of voluntary isometric strength training involves electrical

stimulation to stimulate muscular tissue and result in an isometric muscular contraction.

The application of an electrical current to cause a muscular contraction is referred to as

neuromuscular electrical stimulation.
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