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ABSTRACT

-

Electrical muscle stimulation (EMS) is a usefil modality in the rehabilitation of
injured muscles and traumatized joints. The present study investigated the effect of varying the
Test peridd between isometric, electrically induced contractions of the knee extensor muscles.

Rest intervals of 35, 50 and 65s were selected. The present investigation also compared the

4
.

torques ‘produced by two‘ indirect m~thods of electrodé pad.placement. A faradic current
generated by the TECA‘ SP5/"T stimulator was used in this study.

'I;hi“rtv healthy university-aged mf'xlcs xggif: {-mndomly assignt;d to one of two indirect
meihods pf pad placement. Group 1 received the electric current via the lumbo-sacral plexus
énd the femoral nerve while _grouf) 2 received the stimulétion via the femoral nerve and the
motor points of the quadriceps'. In the three test sessions, the ]subjects were required to produce
10 consecutive stimulated knee extension® torques No voluntary effort on the part of the
subject was desu'ed For each test session the subjects performed the task with a different rest
interval interspersed between the consecutive torques. All subjects were randomly assigned a
sequence c;rder of fest intervals prior to testing. Maximal isometric torques for the 10
consecutive stimulated contractions of knee extension were measured by a Cybex II isokinetic
dynamometer at 60 degrees of knee flexion.

A tWo-Way analysis of variance (2-way ANOVA) with répeated measures on rest
interval was used to examine the mean torque decrements, mean torques and peak torques. The
results of the study showed that the 50s and 65s rest intervais Qroduced less torque decrement
than was produced with the 35s interval (p:SO.OIS and p_<_0;01 respectively)._{\dditionally, the
65s rest interval produced a greater meén torque tkjan was broduced with the 35s rest interval
(ng;OS). Comparing the torques produced by the two pad placements revealed that pad
'plac_ement group 1 prodﬁced greater torque decrement and greater peak torque than were
produced by pad ‘placement group 2 (p<0.01 and p<0.05 respectively). This study alsé
observed that the average torques 6f the initial three, and five stimulations were greater than thé -

. iv
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average torques of the f 1ffa] three and five stlmulatxons respectlvely (p<0.001).

The conclusions drawn from the present study were: i) the 50s and-65s rest mtcrvals
interspersed between the 10 consecutive 10s stimulated contractions provided th¢ best stimulus
for irﬁproving muscular strength as these intervals provided greater mean torques and less
torque decrements when compared to the 35s rest interval; and ii) pad placement group 1
, provided a more optimal strength training stimulus as this placement' generated greater peak

tordﬁes and greater torque decrements than those generatcn/by pad placement group 2.

-
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Chapter 1

INTRODUCTION

-

Electrical stimulation of the nE‘r;'o,us syst;m is inherently unna}ural. However, its use,

" no matter how crude, dates back almost 2000 years. As early as 46 A.D. £he first form of
electrical stimulation was used for medical purposes.’® A special organ of the torpedo fish
produced an electric charge which was used to shock préy and deter predators. The electrical
discharge of this fish was suggested or the treatment of pain, and‘Specif ically for headache and
gout.*!” This practice hasA b;enﬂa‘o\cumemed in the works of the first Roman physician,
Scribonius Largus, who prescribed the f ollowing treatment for headache:

Headache, even if :it 15 chronic and unbearable, is takeﬁ away and remedied

forever by a ‘live black torpedo placed on the spot which is in pain, until the

pain ceases. As soon as the numbness has be¢n felt the remedy should be

removed lest the ability to feel be taken from the part,.“

Since that time the therape}ltic. use of electrical stimulation has grown immensely to
ipclude treatrhent of angfna pectoris, cbnstipation, epilepsy, hemiplegia, paralysis; sciatica,
scoliosis, and spasticity.® *' *' The method of appiication has-also progressed greatly. By the
early eighteen hundreds, electrical acupunture and hydréelectric baths had become popular.

Implantations of electrical devices in the form of pacemaker were marketed in the

mid-twentieth century.*’

5
Today eleciricity continues to be invaluable in the trentment [ disease. Surface
electrical stimulation has been used very successfully in the rehabilitar: -~ o muscle atrophy in -

reccn£ years.?* ° 35 4% Weakness and pain often makes it impossible for a voluntary contraction .
1o (:;ccur. Increading the étrength and bulk of a weakened, painful muscle as well as
re-educating a musﬁle actfon, increasing Pbl'ood supply, improving venous and lymphatic
drainage and preventing and loosening adhesi‘on.s all have been common conditions treated with
modern electrical apparatus.” " |

Q@



The latest applications of electric current have focused on the strengthening of healthy
muscle. Athletes are now adopting electrical muscle stimulation (EM§) as a new method of
training in an attempt to gamn an advantage over their cgmpetitors.'; "1 No longer is it the sole
responsibility of physiotherapists and rehabilitation specialists to understand and discover the
potential of EMS. Physical gducators are faced with the challenge of A/evaluating the potential
for using electricity to their advantage in the field of athletics. |

Much of the purported success of EMS as a means of enhancing athletic performance
can be traced to the work conducted By Kots,*? ** a Russian neurologist. Kots®? has reported |
that up to 30% greater isometriﬂc force can be produced during an electrically induced muscular
contraction, and thét a 30-40% 'mcrgase in muscular strength has occurred following as few as
20 sessions of EMS. The basis [ or this claim is that electrically induced muscular contractions
can recruit more of the muscle fibers in a muscle than can be achieved by a maximal voluméry
contraction (MVC), resulting in a higher tension being developed within the muscle.*? *

To pr'oduce muscular strength increases of this magnitude, Kots has utilized what is

‘now termed, the "Russian Technic'lue" of EMS. This technique consists of stimulating the
muscle for- 10 seconds (s)‘ duration causing a maximal isometric contraction. Ten seconds_ was
reported by Kots to be the appro,priate duration for thé sﬂ”mu\l\ation, as a maximally stimulated :
isometric contraction can be maintained for 12.5s (+1.8) béfore the muscle begins 1o lose
tension - that is “itigue.** Ten electrizally stimulated contrzﬁxctions interrupted by 505' rest
periods, constitute a single treatment session. Fifty seconds rest interval, according to Kots,*
was an adequate interval between contractions to allow subsequent contractions to be maximal
for the full 10s. The f‘10/50/ 10" protocol, therefore, fepresented the maximal workload that a
muscle could tolerate in one treatment - 10 maximal efforts, each of 10s duration, could only
be completed if a 50s re;st interval was between efforts.*? |

In North America, little research has been conducted to examine Kots' unprecedented

mode of training. Difficulty in verifying the Russian results mainly arises from the limited

information made available regarding:the criteria specified by Kots. Details concerning exact
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'
pfopcrtics of the electrical current and method of electrode pad placement used by the Russian
researchers have not been published on this continent. It is thought that a high frequency

(1600-2500 cycles per second or cps) stimulator producing a sinusoidal current interrupted for

10 milliseconds (ms) every 20ms was used to cause the muscular contractions?* and that both:

the direct and indirect method of pad pl&cemem were used.*? Exact placement of the electrodes,
however, is unclear, as are many othentredtment details. |

‘ The researchers: in Norih America who have attempted to duplicate’ the Russian
Technique in théir studies cannot be certain of doihg ;o due to this insufficient documentation
of Kots' work. The importance of Kots' work lies in the idemification;g_t:‘g potentially useful

strength improvement technique. Further investigation is required to better understand the

potential of EMS #4s a method of strength training.

A. STATEMENT OF THE PROBLEM
With increasing numbers of people becoming involved in the fitness movement, more
demand is being placed on physicians tocdiagnose their subsequent ailments and on therapists t»
S

streat them. To keep abreast of the increase in patient number, these professionals must be

- concerned about efficiency in their therapeutic practices.

An area in whicﬁ the-physiotherapist or the athletic therapist can strive 16 become more
efficient, is the length.of treatment time when using various méaalities. If é therapist is able to
complete a treatment in a shorter period of time, but still obtain tt_lc desired physiological
responses from-the body tissues, then he or she will be abie to treat more patients and patients
can return to activity sooher.

The purpose of this study was to address this problem directly, using electrical muscle

stimulation (EMS) as a model. EMS is considered to be a useful modality in the rehabilitation

of injured muscle or traumatized joints. This study investigated the effect of varying the rest
period between isometric electrically induced contractions of the knee extensor muscles. Rest
/ ’ .

periods of 35, 50 and 65s were examined to determine the minimal time required to permit 10

e



maximal contractions each of 10s duration.

~ B. SUBPROBLEM

A variety of lech‘niqucs are,popularly ;sed in the application of an clectrical current to
the target muscle or muscle group. Some factors which may dictate the method utilized include
the presence of a cast, the presence of an open sore or swelling, the position and mobility of the
patient, and the comfort of the patient in terms of the current sensation.

Two conventional techniques of' electrical current application ‘are the direct and the
indireét technique.”” ** The presen.t study examined two indirect methods of applying a

commonly used form of faradic current (continuous, asymetrical, biphasic square wave
, .

produced by the TECA SP5/T stimulator) employed by clinicians.

C. HYPOTHESES

The three null hypotheses tested in this study were:

1. no significant difference in mean torque decrement, mean
torque or peak torque existed between the three rest intervals
when averaged over method of electrode pad placement

~ (p<0.05)

2. no significant difference in mean torque decrement, mean
torque or peak torque existed between the two methods of
electrode pad placement when averaged over rest .iterval

(p<0.05)

3. no mean torque decrement, mean torque or peak torque for
any combination of method of electrode pad placement and rest
) interval differed significantly from any other combination

A\

(p<0.05)
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D. DELIMITATIONS

The delimitations of this study included:

E. LIMITATIONS

The limitations of this study included:

R

!

./

‘the use of 30 normal, healthy, male university-aged voluateers,

with no history of. right knee or hip pathology or injury

the -use of a clinically, unmedified (TECA °‘SP5/T)

electrotherapeutic stimulator

the testing of isometric right knee extension contractions with
the. joint angle of the knee fixed at 60 degrees flexion

~

the intensity of the EMS machine controlled by the subject and

- restricted to the subject’s maxima.lly tolerated level

the size'and placement of the two surface electrades

the three rest intervals of 35, 50 and 65s between the 10s

contractions

the subject consciously relaxing the quadriceps (and

hamstrings) throughout all contractions

|
\

the inability to ensure that the subject's tolerance was indeed

Y

his maximal tolerance

the inability to ensure that the subject was not voluntarily
contracting his muscles either with the stimulation (ie. the

quadriceps) or against the stimulation (ie. the hamstrings)



3. the use of an external apparatus measuring maximal resistance

torque, to represent contractile force within a muscle

4. - the daily-variation of the subject's tolerance, skin resistance

and motivation '

F. EXPLANATION OF TERMS
ISOMETRIC CONTRACTION: An isometric contraction is a contraction where the
muscle develops tension, but does not shorten, appreciably, in length. During an isometric

contraction, the muscular tension varies, but the muscle length and angle of the joint at which

i

the contraction takes place remain constant. fi
fod o
AR

MAXIMAL TOLERANCE: During each session, the subject f\’,vas requested to
stimlllate his quadricep muscle to his.maximal level of tolerance. The intensity dial was turned
up by the subject to the point where the subject was taking as much current as he could tolerate
within the ‘limits of discomfort. Allowing the subject to control the intensity dial enabled the
subject to turn down the intensity should he consider it necessary. As well, thi§ control of the
intensity dial may have decreased the_: subject's apprehension.

MEAN TORQUE: Mean torque was the average torque produced by the 10 stimulated
contractions within one session.

MUSCULAR FATIGUE:. Muscular fatigue was the decrease in the muscle's ability to
attain or maintain_tgnsion during repeated bouts of electrical stimulation.'ln the present study,
f _atigue was measured by the decrease in torque that the quadriceps were able to produce during
one session.

MUSCULAR STRENGTH: Muscular strength is the tension-building capacity of a
muscle. Unfortunatel_y the tension developed in a muscle during a contraction cannot be
assessed directly by measuring the intramuscular ténsion developed between the muscle's bo;rley

insertions. Instead, an external apparatus measures a force representing the contractile tension

of the muscle. In this particular study, a dynamdmeter (Cybex II dynamometer) measured the

v
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resulting torque produced by contraction of the quadriceps.

PAD PLACEMENT: The electrical current was transmitted from the electrical muscle

4

stimulator (TECA SP5/T stimulator) to the skin via insulated wire leads and two electrodes. To

~

ensure a firm and consistent contact bctween the electrodes and th skin, the lead electrodes
were secured to the skin by an elastic tensor. Skin provides"‘g high resistance to the electrical
current duel to the small number of*ions located in its thick, drSf, epidermis layer. By uniformily
moistening a f oldecj piece of cotton cloth with warm water and plac'ing it between the skip and
the electrode, the skinﬂ resistance was reduced. The damp intermediate cloth softened the
dehydrated layef and provided ions to propagate the electrical currfem transcutaneously.”’

The current was applied by utilizing two indirect’ techniques. For ‘group 1, the
experimenter, placed the distal electrode over the femoral nerve (the main nerve supply of the

quadriceps) and the proximal pad over the lumbo-sacral area. Group 2 received the stimulation

~ through a distal pad over the motor points of the three superficial quadriceps and a proximal

electrode over the femoral nerve in the groin area.
PEAK TORQUE: Peak torque was the highest torque produced in one session. Three
peak torques were identified .per subject, cach peak torque representing a 10s stimulated

contraction.

REST INTERVAL: The rest interval was the period of time in between the ten 10s
stimulated contractions. In this study, thc three rest intervals used were 35, 50 and 65s. Within
one session the rest interval was constant. For each session, however, the subject experienced a

different re/?interval which was randomly assigned = '~r to testing. Durfing all rest intervals,

the subject as instructed to remain seated in the testinz ¢ - 7 his legs relaxed.

SCORE: A score was an average of the initie’ or ¢ nal stimulated torques. For
Data 1, one score represented the average torque of the firs 7Eimu1ations and another
score rep;esemea“ the average torque of the last three ‘timula-:.  7i verage orque ¢ the
first five stimulations and the average torque of the last ‘-fivc stine . “es bed the scores
of Data 2.



SESSION: One session consisted of ten 10s stimulated contractions interspersed by a
rest interval of either 35, 50 of 65s. Within onc session, the rest interval wés consistent;
however, different sessions had different rest periods. |

STIMULATED CONTRACTION: The recorded torques represented _muscular
contractions which were elicited by electrical stimulation only. Voluﬁtary eff ort 6n the part of
the subject was not required nor desired.

TORQUE: Torcjue is a turning effect produced by a force acting about an axis of
rotation. Mathematically, torque is equf?alent to the force multiplied by the perpendicular
distance from the line of action that the force acts and the fulcrum."

In this particular study, torque, measured in foot-pounds (ft-1b), was recorded for
knee extension, The axis of rotation at the kﬁee was an imaginary line drawn through the
femoral condyles in the saggital plane.*’ The lever arm associated with knee extenéion was the
distance between the axis of rotation and the padded resistgnt block of the lever arm positioned

just proximal to the level of the malleoli.

TORQUE DECREMENT: Torque decrement was the difference between the average -

torque of the initial stimulations and the average torque of the final stimulations recorded
within one session. In this study, the torque decrement was defined in two ways: i) the average

torque of the first three stimulations (ie. stimulations 1, 2 and 3) minus the average torque of

the last three stimulations (ie. stimulations 8, 9 and 10), and ii) the average torque of the first

five stimulations (ie. stimulations 1, 2, 3, 4 and 5) minus the average torque of the last five

stimulations (ie. stimulations 6, 7, 8, 9 and 10).

o



Chapter 11

REVIEW OF LITERATURE

The aim of clectrotherapy is to_obtéin a contraction of the muscle being stimulated.
The three qualities of the stimulating current necessary to cause the desired response of the
muscle are: i) the current must be of a minimum/&li"r/ltensity; ii) the current must be of a
minimum duration; and iii) the current must reach its maximum intensity with an adequate
speed of rise.'® **

If a stimulus is inadequate to induce a response from excitable tissue, it is said to be a
"subliminal” stimulus.*' If it is just adequate to induce a rc;sponse it is "minimal”." A minimal
stimulus is. produced from a single nerve or motor fiber. As the stimulus strength is gradually
increased more and more motor units are recruitcc;.” The lowest stimulus that excites all of the
fibers of a given group of nerve or muscle fibers is a "maximal” stimulus. Any stimulus greater
than this is "supramaximal”."
INTENSITY

The intensity of current is measured in milliamps. The level of intensity (or the number
of milliamps) that a current must reach to cause the muscle to suddenly respond thh a
c_omraction, or a nerve to suddenly respond with a propagation of impulses is termed -
threshold.!® For differem motor and nerve fibers, the threshold is not the same.*®

When stimulating a single motor fiber or a single nerve fiber, the fiber will not respond

until the stimulus reaches threshold, and

¥

will not increase any further with increased current.'*
This "all-or-none" response may appear to defy tﬁe observed phenomenon of a muscle
contraction gradually increasing in strength with enhanced EMS or with greater voluntary
effort. However, because different motor and nerve fibers have different thresholds, as the
stimulation intensity increases, more fibers will be excited until, at a certain level of current
intensity, all of the. muscle fibers are active resulting in a maximal contraction.'® The
summation of fiber activity within muscle accounts for the smooth transition from a just

9
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discernible contraction to a well defined maximal contraction. - o~
. . A //”'”":,f‘\ \
" The current intensity must be great enough to-.produce a greater than normal
contraction of the target muscle or muscle group in order to improve stréngth.-é1 Edwards et
. N .
al.?* found that stimulating the quadriceps at a frequency of 50cps or more, could produce a
force up to 60% of that obtained during MVC. Bigland and Lippold’ reported that stimulating

> _
the ulnar nerve at 40cps yielded a muscular contraction equal in strength to MVC. Kot

SSZ 5
claimed that 10-30% greater torques could be generated with EMS than with MVC. Despite the
distrepancy in the percentage of MVC that can be obtained with EMS, there is general
agreement that the greater the intensity, the greater the penetration of current.** ** Having to
penetrate the superficial adipose tissue as well as the skin, the current must be of sufficient
intensity to excite the motor nerves of the underlying musculature.*’ In that context, the deeper
the muscle fibers of the muscle, the greater the intensity of stimulation necessary to activate its
motor neurons. ** The more muscle fibers that are stimulated by the penetrating current, the
great‘\er'the resultant tension.*:

The level of stimulation intensity tolerated varies immensely between individuals. As
the current passes transcutaneously to the muscle, many of the sensory (pain) nerve enaings,
which are numerous in the skin, become irritated.* Increasing the current ime.nsi\ty, increases
the irritatién. As a result, the ma‘gnitude of contraction, which is proportional to the
stimulating intensity for a fixed frequency, is limited by the individual's abthy to tolerate what
is often perceived as an unpleasant sensation.** |

In the literature, EMS studies report to employ a wide range of training intensities.
Several studies stated to have used maximally tolerated EMS.* 35 48 34 60 79 I two studies
involving a post-surgical immobilization period, Eriksson and Haggmark®! and Stanish et al.,”

found that in comparison to a control group, EMS retarded t-- deierioration of muscle

P .

“ .
function and metabolic potential, and lessened muscle atrophy which confronts a muscle after

disuse. Godfrey et al.’* also studying post-surgical knees, observed a superiority of EMS over

voluntary isometric exercise or dynamic torque. However, this might be partially explained by
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the fact.that the clectrically stimulated group trained at maximal lolerarrce while the
isometrically exercised group worked at 75% MVC. Johnson et al.*t reported 25-200%
improvement in strength of atrophied quadriceps of patients suffering from varying degrees of
chondromalacia patella after 20 treatments of maximally tolerated EMS. With healthy subject;,
Kramer and Semple** observed no diffcrence in strength gains among groups exercised
volumarily.. artifically or a cémbinarion of both despite differences in the percentage of MVC
that the groups were trained (108% MVC, 87% MVC, and 107% MVC respectively). ‘Massey‘ et
al.®® found that training with maximally tolerated stimulation was no more effective than
training with the traditional methods of progressive dynamic weight-training or isometric
training. |

Other studies inv}olving normal subjects have reported amazingl~y similar results despite
using EMS intensities ranging from 33% - 80% MVC. Laughman et al.’** found no difference
between groups isometrically exercised and groups giecrrically stimulated in final stren_gth,
despite the average torque monitored on the seventh contraction being 78% zrrld 33% MVC
respectively. In fact, the stimulated group had a slightly larger‘observed srrcngth improvement
(22%) than the voluntarily exercised group (18%). ‘This appears to be contradictory to
Knuttgen's minimal ‘stimulus recommendation” of 50% MVC to increase ‘strength, and
suggestion that the closer to 100% MVC, the‘f aster the development of strength.*!
; Currier and Mvann“ examined three isometrically trained groups: group 1 completed
rroluntary exercise at 119%MVC; group 2 completed electriéal stimulation based exercise at
67%MVC; and group 3 compieted superimposed exercise (EMS superimposed onto MVC) at -
S8%MVC. In an earlier study Currier et al.,?? in examining isometric exercise superimposed
with EMS and isometric exércise alone, did not specify the training worquad but did report
that t-he.intensity of EMS was adjusted for the subjects' variable tolerance. In both studigs,” 2
it was concluded that EMS alone or EMS superimposed on voluntary effort was-no more
effective than the conventional isometric training. McMiken et al.,*? using'EMS not exceeding

80% and isometric contraction of "near maximum", support the results reported by Currier and
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Mann ** and Currier et al..?”

Using intensities varying from 33-108% MVC, it appears that repeated‘ cutaneous
electrical stimulation is comparable in effectiveness to common strengthening methods of static
and dynamic exercise in healthy subjects.?® ** 3 ¢° ¢2 Ip studies involving 'paticms, it has been
reported ‘that EMS was actually superior to traditional rehabilitation techniques with no
undersirable side effects.3® 35 4 7*

DURATION

The duration of currents used in stimuiation ranges from 0.0l'-3,000' ms.** The minimal
_ duration of an effective stimulus for nerve tissue is 0.03ms while that for muscle tissue is
approximately one ms.* Currents over 10ms are classified as long duration and those 10ms or
less in length are short duration currents.?® Long duration ‘cuf)rents are primarily used to
stimulate denervated muscle while short duratidn currents are used for innervated muscle'.20

Impulses of long duration cause uncomfortable stabbing sensations.”” With impulses of
1ms or less, this discémf ort is reduced to a mild, prickling feeling under the electrode~which is
more bearable.”” The body receives minimal insult with impulsés of even shdrter duratidh (ie.
0.03-0.lms) due to the least amount of stifnulus toxicity associated with this length of
impulse.* ‘ ‘

If the duration of an effective current is shortened without altering the intensity, there -
is a time when the current is no longer effecti\;e as z; stimulus even tﬁt;ugh the intensity has not
been altered. Wise (as reported by Cumimings?®) presented some insight into the phenomenon.

After a motor nerve has been sti‘mﬁlatcd, there is a very brief refractory perioc?

(recovery period) when the nerve cannot be depolarized (send a message) at

this point again. After a brief contraction, the fibers of a motor unit also go

through a refractory period. These refractory periods in a nerve and muscle

pass very quickly with muscle fiber being the slower to recover. For an

individual muscle fiber the refractory period is at legst 10ms long.

It is possible to=compensate for this lack of duration by increasing the intensity. Ln
other words, if the duration is dec;eased, to the point of ineffectiveness, the effectiveness of the
current can be restored by an increase in imensity.“" The shorter the duration, and

23

correspondingly the higher the frequency, of the current, the greater the intensity required to
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maintain an effective stimulus.'® Kots*® used the 10ms duration, as was cited by Wise, and
stated that a modulated current of 10ms on, 10ms oftt. produced a maximal contraction with
the least required inteﬁéity.

A shorter pl:llSC duration, demanding higher current may ééuse technical problemé

clinically. A patient may be unable to tolerate the current required for a particular pulse

duration to be effective. Simil.arly, the stimulator may not be able to produce adequate cunc;nt ‘
for a particular pulse duration.
SPEED OF RISE

The speed of rise, the speed with which the current reaches its maximal mtensnty 1s the
third major ‘factor which mﬂuences the response obtamcd from muscle f 1bers 1020 1t has been
observed that when a current is of ‘a constant mtensny, the& nerve adapts 1tself by a process
called accomodation. Consequently, the stimulus is mef f ecu\.le in mmatmg an impulse. When,
the intensity rapidly changes, by eithgﬂr rising or falling, the current is more effective for
stimulation than a slowly changing inténsity since it does not ‘alldw for accbmodation.20

If the spe{gdﬂof the rise or f. all of an effective stimulus is slowed down without altering

the intensity, there is a point when the current is no longer effective as a stimulus even though

the intensity has not been altered. The effectiveness of this current can be restored by

increasing the inlensiiy.‘“ Therefore, the slower the rise, and simiml;ﬁhe lower the f reqtiehcy,

of current the greater the intensity must be for thf/c@t to be effective. In observing vave

4 forms, one can apprecme that a ngular wave changes more suddenly than a sinusoidal

wave, which, in turn;Changes more suddenly than a triangular wave.”” The former two types of
: - - - ' .
o &forms, therefore, are more effective than the latter waveform at a lower intensity. Slower -

rising currents such as the triangular wave form are referred /to as selective currents and are

"

found to be more conducive in stimulating denervated muscle than innervated muscle.’® "
FREQUENCY )
Pulse cfrqquency' which is partly determined by the duration of impulse and primarily

dependent upon the length of rest between impulses,* has a'less significant influence on muscle
i



and speed of rise. T ' o -

[
)

Each muscle fiber has an optrmum frequency where the threshold for cxcrtatr i

lowest 10- Above the optimum f requency, the threshold rises because with increasing frequency, ~

<

the duration of the stimulus becomes progressrvely_ shorter. Below the optimum frequency,‘ the

- \

T threshold again rises, the rise in this instance, being due to inadequate rise sped of current.®

Sincef requency is di'rectly related to rlse time, the lower the frequency, the slower the rise time.
In normal innervated tissue, the natural‘ 'frequency of ‘ excita'tion for a ‘maximal ’
' voluntary contractron is usually 50- 100cps 0 27 1 wrth the threshold frequency of each
mdmdual muscle decreasmg as the contractron force is reduced.!* To ,produce a strong
contraction utililizing EMS, a freqnency of at least 50cps is. requrred to produce a- tetamcally
’ fused muscle contraction o Below this frequency, the tetamc contractron degenerates '
to a level where, at approxrmately 20¢ps, only a tremor (incomplete tetany) is vrslble 229 04 At

" extremely low frequencres (less than 10cps‘°) the muscle actrvrty decays mto mdrvrdual twrtch

~ = 0

responses.’* ** ’ - : ' , . _—

It has been observed in humans, that ‘rnuscle-lfibers are selective in choosiirg the

~ frequency to which they respond. High frequency 1mpulses (100cps or more) stunulate the fast

twrtch (FT) muscle frbers while the low frequency 1mpulses (30cps or less) actrvate the slow
twrtch (ST) muscle fibers.?® The goal of the training program therefore w1ll often drctate

‘the frequency of stimulation. If an increase in power and mass is desrred strmulatron of FT
f ibers will achieve the effects most rapidly while stimulating the S'l" frbers will 1mprove the

endurance capabilities of the muscle.?® e ' <

- .
- Vs

e
Frequency has been suggested 10 be related to pam 2 33 52 It has been .observed that

with increasing frequency, the pain threshold rises much more than the fnotor threshold, the.

1

e .
difference being very pronounced above 1600cps.’® ** On this basis, it has been claimed that
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using a frequency greater tha"n 1000cps gives the best muscular response with the least amount
of pain.*? Kots*? has reported that a modulated high frequencvy, interrupted sinusoidal current
has an anesthetic quality. This type of current ﬁas been proclaimed as having the ability to
block the small afferent (sensory) nerves in the area being st:mulated and activate the large
efferent (motor) nerves. which Lcause the muscle to contract.*? The 2500cps frequency current

thought to be used by Kots,** however, is a carrier wave which is modified by inferruptions of

- 10ms duration between continuous current periods of 10ms. As a result, it is a 50cps current

which actually provides the motor-stimulation.*® In North American clini’cs. a 50cps (faradic)
current is comrﬁonly used *° *? which is reported only to produce a mild prickling sensation due

to stimulation of superfieial nerve endings.

PHYSIOLOGY OF NERVE CONDUCTION

Th¢ next few sections will provide a brief review.of the fundamental neurophysiology
of nerve and muscle excitation, outlining the processes which occur during voluntary and
electricaally stimulated contractions. | .

» The éxcitat?ility of nerve and muscle tissue provides the basis for the therapeutic use of
electrical stimulation. Both herve and muscle tells are capable of transmitting electroche;nical
impulses élong their . ranes. An electrolytic fluid is found inside and outside the cells. A
slight exceds of  “inns {ne....:ve ions) accumulate along the inner surface of the cell membrane
and an equal numt.. . anions (positive ions) oppose on the outside of the membrane creating
a membrane potential.** The resting membrane potential (i.e., when no electrical impuléqs are
being propagated) is approximately 85 millivolts (mv).?* *

The resting membrane potential can be disturbed by a chemical, mechanical, thermal,

‘or electrical change which alters the permeability of the membrane.’* The sequence of events

resulti‘ng‘ in rapid. changes in the membrane potential followed by an immediate return of the

membrane ‘potential to its resting value is talled and action potential (AP).*
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Although not clearly understood, an AP is initiated by changes in the membrane
properties that allow én incu:rease in sodium permeability causing an influx of cations iqside the
cell membrane.?* Not only does inflo“; of sodium, ion$ neutralize the normal electronegativity
inside the fiber, but also it creates a positive charge inside the membrane. This is called a
reversal potentiz:i and for large, myelinated nerve fibers it can be approximafely +45mv .

Almost immediately following depolarization, the memb;ane again becomes almost
totally impermeable to sodium’_ ions. In addition, the membrane's permeability of potassiuxﬁ _
ions increases causing an outward flow of cations. Thesevtwo events cause the membrane to
return tb normal resting potential. The ions are then actively transported aéross the membrane
to their original locations (i.e., sodium on the outs'ide; potassium on the inside)-by sodium and
potassium pumps, respectively.’* This process of returning to the normal re.sting state is called
repolarization.** ; ) “

N

The two stages 6f an action potential, depolarization and repolarization, take less than
a millisecond.’* A §econd AP, hdwever, cannot occur in an excitable fiber as longias the
membrane is still depolarized from the first AP. The ir;terval where the nerve is inexcitable is
termed the refractory period. The ref ractofy period of a large, myelinated nerve f {ber is about -

.1/2500s. A nerve fiber, therefore, can carry @ maximum of approximately 2500 pulses per

second (pps).*

MUSCLE BIOENERGETICS )

A muscle contraction involves the transformation of. chemical energy into mechanical
energy.®’ The two major energy systems of the body, the aerobic and anaerobic systems,
providel the necessaryJ energy for muscular work: The éystem which is utilized by the muscle
depends upon the type of activity in which the muscle is engaged.vFor submaximal,
éndurance-type éfforts, the muscle attains its enefgy primarily from the aerobic system.

Conversely, if the muscle is involved in short intense bouts of work, the muscle is fueled

predominantly by the energy from the anaerobic system.® Due to the short intense nature of

“
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the contractions examined in the present study, the latter system will be detailed. '

The anaerobic system is comprised of two pathways; the adenosine
triphosphate-phosphocreatine (ATP-PC) pathway and the lactic acid (LA) path;vay.“ Both
pathways provide a method of replc:ishing ATP, the fuel for muscular activity. The ATP-PC
system is the least complicated of tﬁe bf)dy‘s encrgy systems and providcé'the most rapidly
available source of ATP to be utilized by the muscle. The LA sy'stcm is slower in becoming
activated but is able to provide approximately twice as much ATP as that which is obtained
from the ATP-PC S)is}cm.“ Neither pathway requires oxygen to function.

The tmmediate source of energy for muscular contraction is the adenosine triphosphate
(ATP) molecule which is storcd in all muscle cells.?* ¢ ¢ Every molecule of ATP éonsists of
two higf)-energy phosphate bonds, each containing approximately 8000 calories of energy per
mole of ATP .** ¢ When the phosphate bonds are broken, the energy liberated supplies a source
of energy for the muscle cell.

To replenish ATP_stores quickly (wi.thin 10s of the commencement of an intense
muscular ef fort),* another high-energy molecule, also stored in the muscle cell.s, is necessary.
Phosphogreatine (PC), like ATP, liberates a large amount of energy wheq the bond between
the creatine and phosphate is broken.?” ¢ This energy is used directly to resynthe;ize ATP..
Ironically, the only means by which PC can be re-formed is from the energy released during
the breakdown of A’I:P. These two interdependent reactions are referred to as "coupled
reactions” as the energy released from.one series of reactions is linked with the energy needs of
the other series.®'- That ‘is, the energy liberated from the breakdown of PC is used to
resynthesize ATP, and {he energy released from the breakdown of ATP is\ utilized to
resynthesize PC.

The second anaerobic pathway 1o restore the ATP supply is the LA system, or more

\commonlyhreferred to as glycolysis. Glycolysis, meaning the "dissolving of sugar”, :JSCS glucose

//(sugar) to manufacture ATP.® In the absence of oxygen, carbohydrates (glycogen and

glucose), are incompletely broken down, leaving the by-product lactic acid within the muscle
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cell. Accumulation of high levels of lactic acid indicates depletion of glucose stores thereby
causing muscular fatigue and limiting the anaerobic capacity of ATP production. The LA
system, however, is capable of providing the muscle with ATP during maximal exercise lasting

-om 10s to two or three minutes prior to the onset of the aerobic system.*!

PHYSIOLOGY OF MUSCLE CONTRACI’ION

The skeletal (voluntary) muscleAs of the human body constitute apprbximately 40% of
the total body weight.?” Each muscle is composed of many thousands of individual contractile
fibers. These rr:uscle fibers, or muscle cells, are the organizational unit of the muscle. Groups
of muscle fibers are contained within a sheath of connective tissue to form muscle b.undles. In
turn, these bundles are bound together by connective tissue. The en"lire ‘muscle is encased in yet

another connective tissue sheath.®

-

e S Y

1\ Skeletal thuscle is sometimes referred to as striated or striped muscle due to the visible
v

alternatihg light and dark striaﬁons under a microscopic view of a myofibril. Myofibrils are the
basic structural and functional component of a muscle cell.? ¢ The regularity of the‘ alternating
ligfn and dark bands is caused by a geometric arrangement of prote'in filaments.*" The light
areas are referred to as "I” (isot;opic) bands while the dark arcas are called "A" (anisotropic)
bands.** The' "I" band is biéectcd byla dark "Z" line. The portion of the fiber lying between the
two "Z" lir'ies is called a éarcomere, the basic contractile unit bf the muscle cell.*” ¢°
These light and dark bands are composed of two different protein filaments; a thinner
actin filament and a thicker myosin filamem.“  The "I" bz;nq is composed entriely of the
thinner actin filament. The "A" band. however, is composed mainly of the thicker myosin
filament with only a small amount of actin.®
'SARCOTUBULAR SYSTEM
‘The sarcotubular system consist; of two distinct tubular systems; the transverse tubule
systerﬁ (T-system) and the sarcopiasmié reticulum (SR). These two systems af‘c responsib]e for

uniting the excitatory process and the mechanical contraction within a muscle.® /w

\)
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The T-system consists of tubules leading from, and continuous with, the sarcolemma
which is a membrane that surrounds the striated muscle fiber.*® The tubules also run crossways
through the fiber reaching deep into the fiber.*” In man, the transverse tubules run across the
fibers at the junctin of the "A" and "I" bands. Thus, there are two networks of traversally
running tubules per sarcomere.®” With the membr;mous walls of the tr;msvcrse tubules being
continuous with the sarcolemma, an action potential passes along the T-tubules and around
each fibril. The'sa{colemma, therefore, has the capacity to propagate an action po_temial.” 89

The SR is a special endoplasmic reticulum which forrhs an irregular longitudinal
arrangement around each ‘of the fibrils and between the T-tubules.®” The portion of the SR.
adjacent to the T-tubule is oriented in a transverse direction and forms a large lateral sac
running beside the T-tubule. This lateral sac is called a terminal cistern.*® The cross sectional
view of this arrangement with a T-tubule surrounded on both sides by terminal cistqrnae is
referred to as a "u"iad" R _

The primary functions of the terminal cisternae are to bind to and store calcium ions.*’
The terminal cisternae release the calcium ions in response 1o electrical activity spreading
inward along the T-tubules. The enhanced sarcoplasmic ca cium concentration then iritiates
and sustains the contraction until the calcium is reabsorbed by thre SR. Thus, the SR is not only
the source of calcium to initiate contraction but also the "relaxing factor” in muscle.*’

THE CONTRACTILE APPARATUS

The extraordinary property of a muscle cell is its abiiity to contract. Regulated by
calcium, the interaction of thick and thin myofilaments produce this phenomenon.

The thick myofilament is composed almost entirely of myosin molecules.’* *° Tiny

protein projections extend laterally from its central core. These lateral protrusions or
"cross-bridges” have the capacity to bind with actin.** ¢ N
Actin is one of several important proteins ¢omprising the thin myofilament of the

muséle fibril. Actin consists of a double helix of globular molecules which forms the backbone

of the actin filament.>® Spiraling around the double helix is tropomyosin, a long, thin
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molecule.®* The ends of the tropomyosin molecules are enclosed within the globular molecules
of troponin. This third ‘protein associated with the thin myofilament has a high affinity to
calcium ions.** Troponin does not bind directly to the actin protein but binds indirectly through
its attachment to tropomyosin.*® The presence of the troponin-tropomyosin complex prevents
the binding of myosin and actin.’®
THE SLIDING FILAMIéNT THEORY

The occurrencgﬂof a muscular contraction is explained by the sliding filament theory
which suggests that one set of filaments slide over the other ﬁau’sing the muscle to shorten. The
slidipg filament theory has been described as:

. . .a mechanism somewhat analogous to the way in which a telescope shortens,

i.e., the overall length of the telescope (muscle) decreases as one section

(actln) slides over the other (myosin), with neither section itself shortenmg

The precisc manner in Wthh the sliding process occurs is not completely understood.
However, it is thought that the cross-bridges of the thick filaments form a type of chemical
bond with the active sites on the on the thin filaments.*!
EXCITATION

Each muscle fiber is mnervaled by a motor neuron.! The site of innervation, the
neuromuscular junction, is located near the middle of the muscle fiber. Contracuon of the
muscle cell is initiated by an AP transmitted by a motor neuron to the muscle fiber via the
neuromuscular junction.®® With this junction being centrally situated, the AP can spread from
the centre of the fiber toward; its two ends allowing all of the sarcomeres to contract almost
simultaneously.** ,

The transmitted impulses cause a release of acetylcholine (ACh) which is stored in the

synaptic vesicles of the nerve terminal.” ¢ The liberated chemical diffuses across the.

neuromuscular junction and binds to a specific site on the motor end plate of the sarcolemma.?
The presence of ACh on the motor end plate tesults in changes in the permeability of
the motor end plate 's membranes. The membrane threshold potential is lowered to cause an

_thereased influx of sodium ions. The altered potevntial is called an end-plate potential which is
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capat;ie of producing a single AP ih the sarcolemma.? ¢°
EXCITATION-CONTRACTION COUPLING

Thhe propagation of action potentials along the T-tubules causes calcium ions to be
released from the terminal cistc'rnaé of the SR.*7 ** The "freed” calcium ions bind immediately

to the troponin molecules on the actin filaments which, in an unknown manner, removes the

Ainhibitory effect of the troponin-tropomyosin complex on the actin filament.*” In the presence

of calcium,the my‘osil‘r\) cross-bridges are able to interact with the actin filament.*’
Biochemically, this linllage is refelrred to as actomyosin.” The formation of actomyosin
activatles an enzyme cdmponent of the¢ thick filament called andenosﬁ triphosphatase
(ATPase).** This enzyme causes the breakdown of ATP which liberates large amounts of
er;ergy. The eEj:sed energy enables the cross-bridges to move in such a way that the actin

ilament slidey over the myosin filament towards the centre of the sarcomere.® ¢ In a

state, the sarcomere's banding changes. With a contraction, the "I" band narrows

idth of the "A" bdnd remains constant.? ¢

In order to account for the degree of shortening that is observed in a muscle, the
cross-bridges must be able to attach, move, and detach at different actin sites in a cyclic
manner.“'This series of actions, termed the "rowing motion ‘of the laterz;l projections”,**
requires a large source of ATP e;s a single myosin cross-bridge may "make and break" with
active sites on actin filament hundreds of times in a one second contraction.*! The ATP utilized
for a muscular contraction is primarily pr:)duced within the mitochondria of the sarcoplasm.**
‘" The rate and extent of ATP resynthesis depends upon the availability of ADP in.the cell énd
the oxygen supply from the blood, although a small amount of AfP resynthesis can occur in
the cytoplasm via anaerobic glyéolysis."
RELAXATION

Following‘ the passage of an electrical impulse through the T-tubules, the calcium ions
are actively pumped out of the sarcoplasm by the entire SR.*” ¢ The calcium is stored :in the

terminal cistern untii the next AP is transmitted. In the absence of calcium, the myosin and
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actin interaction terminates producing muscular relaxation.*’
By way of summary, calcium initiates and terminates a muscular contraction. If
calcium ions are released from the terminal cisternae of the SR, the muscle contracts. If the

calcium ions are reabsorbed by the SR, the muscle relaxes.

RECRUITMENT ORDER OF MOTPR UNITS

A motor unit consists of a group of muscle fibers activated by a single‘ nerve.!? Each
motor unit is active at a characteristic level of tension an(i ceases to discharge when tension falls
below this critical level. In this way, motor units can be described by referring to the percentage"
of maxixﬁal muscular tension at which it is active.*?

In humans, the muscle fiber§ of a'.‘motor unit can be of two basic type%; the slow twitch
(ST) fiber ar;d the fast twitch (FT) fiber. Slow twitch fibers : rc¢ innervated by small, lightly
myelinated, low excitation frequency (30cps) motor neurons which cause the contraction and
relaxation times to be slow.’” ** ** It is estimated that the peak tension of ST fibers is attained
within 100ms.** Characterized by high mi’t'ochondrial and capillary densities, ST fibers rely on

the aerobic energy system.** ** Being highly resistant to fatigue, ST fibers are best suited for

endurance activities.*® ** )

. Fast twitch fibers, unlike the aerobic ST fibers, have low mitochondrial and capillary
densities making FT fibers susceptible to fatigue.*’ Deriving énergy from thé anaerobic system, |
FT fibers have hiéh glycolytic and myofibrillar ATPase activity.*® ¢’ Large,vhigh excitation
frequency (30-100cps or more) motor neurons innervate the FT fibers. These heavily
myelinated neurons cause high conduction velocities which generate quick, strong muscular -
contraction.?” *5 * Fast twitch fibers reach peak tension in approximately 10ms.*?

Based on these physiological capabilities and on the fact that FT motor units innervate
a large number of fibers while ST motor units have a low innervation ratio, FT muscle fibers
are primarily responsible for producing short duration power and strength activities,whereas ST.

fibers are associated with long sustained contractions at low tensions.?® ¢ 7°
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.In order to minimize the amount of fatigue produced during a muscle contraction, the
proportion of €ach fiber type's contribution towards the contraction varies depending on the
maénitude of effort.*” In turn, the amount of the tension generated is directly dependant upon
the elc::trical activity of the motor unit.” Therefore, even with maximal contraction, new muscle
fibers aNre being recruited.

| This was demoﬁstrated by Gollnick et al.’* who cxamined the muscle fiber type that
was recruited at different tensions relative to the MVC of the knee extensors. At low tensions,
the ST fibers were predominantly active while at higher tensions the FT muscle ffbers were
preferentially recruited. The critical tension was determined to be 20% MVC. With gustaincd
contractions less than 20% MVC, there was a major reliance on 'aerobic ST fibers while above
this level there was a clependcn'ce upon anaerobic FT fibers. It was suggested that restriction of
blood flow and thus the availability of oxygen at tensions greater than 20% MVC may partially
explain the recruitment order of muscle fibers.

Although the magnitude of the contraction dictates the type of musc}e fiber that is
activated, the amount of tension generated is directly dependent upon the electrical activity of
the motor unit.” The excitability of the motor units is determined by the size of the cell body.
This size controls the recrhitmem order of the muscle fibers. The ST fibers which are associated
with small cell body neurons are recruited first. Conversely, FT neurons with the large cell
bodies are the first units to be inhibited.*? * ™. |

| The recruitment order of muécle fibers during EMS is opposite to tﬁe "normal”
voluntary sequence. This can be explained by the fact that electrical threshold of a muscle fiber
dup’ﬁg EMS is inversely propprtional to axon diameter.'* Consequently, for a small, electrically
stim;/lated contraction, the large FT fibers are recruited first.?® ** In addition, FT fibers are
superficially located in the muscle.* As a result of these two facts, the FT fibers, which are
most prone to fatigue, are stimulated prior to ST I’ iEers during EMS.

Munsat and his associates,®” while treating pitients with implanted stimulation of the™

femoral nerve to attempt to correct knee flexion corftractures, found that recruitment of a

~
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particular muscle fiber did not solely depend upon the frequency of current. When a muscle
was stimulated to contract isometrically in a lengthened state against resistance, an increased
proportion of recruitment of ST fibers was noted along with an increased size of both ST and
FT fibers. On the other hand, when the muscle contracted isometrically in a shortened length
and with less resistance, the ST fibers decreased in number and in size vompared to the FT
fibers. This lends support to the reverse recruitment order of EMS when cgntrasted to the
voluntary sequence.

Voluntary and artificial muscular contractions dif’ fer fundamentally in another respect.
During a volitionary effort, the excitation of muscle f ibe’rs is alternated asynchronously so as 1o
minimize the metabolic fatigue experlenced by the fibers during contraction.®? It appears that
: Wlth cutaneous electrical sumulatxon all motor units are activated synchronously precipitating
early fatigue.®’ / ,

The significant differences between voluntary and stimulated contractions must be
recognized and understood. Knowledge of dissimilarities in recruitment order and time over
which similar fibers act can help explain the occurence of physiological adaptations which may

-
otherwise be unexpected.
) Y
MUSCULAR FATIGUE

Ph)"sical fatigue has long been recognized as a deterent of productivity whether it is at a
f ish-packJaging piant or at aihigh school track meet. Unfortunately, fatigue has been poorly
understood for about as long as it has been known to exist.

Muscular fatigue is characterized by the decrease in ability of a muscle to contique to
exert its prevnous level of tension.'” It is not known for certain whether the force that can be
exerted by a muscle is limited by: the capacity of the nervous centers and conductmg pathways
to deliver the motor impulses to the muscle fiber; or the efficiency of the circulating system 1o
transport needed subétances into the muscle or to transport unwanted metabolites out of the

muscle; or the intrinsic contractile properties of the fibers themselves.** " Much of the research

T
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on muscular fatigue thél has been done is concerned with determining the primary site causing
the reduce;j muécular function. The two popular theories of muscular fatigue are the "central”
fatigue theory and the "peripheral” fatigue theory.
EVIDENCE FOR CENTRAL FATIGUE

Support for the central fatigue theory was evident as early as the late 1920's. Reid”
observed the response of muscle to voluntary contractions and to artificially Stimulated
contractions. The middle finger, resisting 1/2-5 kilograms (kg), was voluntarily contracted at a
frequency of 12-160 per minute (/min). The artificial stimulation, applied both indirectly and
directly, consisted of short (1/5-3/55) duration faradic stimulation at rates of 12-80 pulses per
minute (ppm). The initial contraction height of maximum voluntary effort and indirect
stimulation was identical. After complete voluntary fatigue at a fast rate of contractions,
indirect as well as direct stimulation produced sizeable contractions, though smaller than the
initial amplitude. During a slow rate of voluntary contractions (12-80/min) carried .to the point
of fatigue, the response of the muscle to indirect and direct stimulation was practically
unim'paired. Sixhilarly, after fatiguing the muscle isometrically, it still responded strongly to
direct electrical stimulation. As a results of his work, Reid claimed“"that the central nervous
s_vétem (CNS) is the primary site for-fatigue, but he also recognized that neuromuscular and
contractile fatigue are’contributing factors.™

Asmussen and Mazin® were also able to lend support to the 'cen'tr”al fatigue theory. Five
subjects engaged in arm/finger isotonic work to exhaustion with two minute rest periods

interspersed between work bouts. All the odd numbered work bouts were conducted with the

subjects’ eyes opened. All the even numbered work bouts were conducted with the subjects'-

eyes closed. After exhaustion had been reached with the eyes closed, it was found that 15-30%
more work could be accomplished when the eyes weré opened. When subjects -worked to
exhaustion with their eyes opened, none of the subjects were able to produce a measureable

increase in the amount of work when their eyes were closed. -

o

.
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From this work it appears as though ipcreased arousal of the CNS caused by the
opening df the eyes, actually increased the average mechanical responses of the patellar%ndon
tap by 93-168% when compared to the subjects when their eyes were closed. Having the eyes of
the subjects yf)cned, therefore, appeared to increase the amount of* work performed by the
muscles being tested as well as increase the central excitatory state, as manifested by the
increased responsiveness of the pateilar reflexes.

The "diverting activity™ (i.e. the eyes- being. opetied) is explained by an increased
facilitation of neural/motor systems which, in fatigue, is ionhibited céntrally through afferents
from receptors in the fatigued muscle.’

Bigland-Richie et al.! provided further evidence for the central fatigue theory. The
force of the quadriceps produced by a supramaximal stimulation via the femoral nerve (50cps)
and by a maqximal voluntary eff ort‘were compared over a 60s period. During the first 30s, the |
contraction force during both conditions fell similarly suggesting that the inability to maintain
force was due to failure at or distal to the neuromuscular junction. After 45s, however, the
voluntary force fell faster than the értif icially stimulated force indicating that the later period
of strength decrement was due to a decrease in'the central neural drive.* .

EVIDENCE FOR PERIPHERAL FATIGUE ’

The central fatigue theory was not seriously challenged until Merton®* who initiated thel
peripheral fatigue theory. Merton compared the maximal voluntary tension with ,t_he maximal
electrically st\imulated tension developed in the adductor pollicis muscle. In man, @is muscle is
the only ulnar supplied muscle acting on the thumb and, in addition, is the only muscle used m
voluntary adduction of the thumb.“ The voluntary force and the artificially stimulated force,
therfore, can be compared with reasonable certainty that the same muscle mass produced both
_ f orceé. ,
Merton stimulated the ulnar nerve at a frequeﬁcy of SOc;\?s and a duration of one second

which produced a contraction identical to the MVC produced by an unf atigued adductor pollicis

1
muscles*. After voluntarily fatiguing the muscle, however, this stimulation format could not

?
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elicit a mechanical response. Furthermore, Merton observed that recovery did not occur until
circulation was restored. This pheqomenon was attributed to biochemical changes in the
contraction mechanism which could be overcome by eliminating the occlusion.

The work of Merton is contrary to Reid's observations. Merton arguéd that if fatigue
occured centrally, then st'rcn.g‘t_h__ should-begin to recover when the muscular effort ceased as
- there was nojinié&éﬁnce witﬁ the circulation to the central structures. The discrepency between
Reid's and Merton's results may be accounted for by the difference in the rate and/or the
_strength of contractions. Reid employed a series of repetitive submaximal contractions while
Merton utilized a sustained maximal contraction. 3

Similar to Merton, Naess and Storm-Mathiesen (as reported by Simonson’), after
voluntarily fatiguing the adductor pollicis muscle, were unable to festore the strength of ‘the
muscle using indirect electrical stimulation of the ulnar nerve. These investigators supported
Merton's conclusion that the site of fatigue was péripheral.

In contrast to Merton, however, Naess and Storm -Mathiesen credited the presence of
fatigue to a failure in the neuromuscular juncﬁon. Naess and his a.ssociate-f ound a decrease in
the action petential height when the fatigued a&ductor pollicis muscle was indirectly stimulated.
Transmission fatigue was, therefore, observed as the limiting factor in a muscular contraction.

Transmission fatigue has long been accepted in neuromuscular physiology.™
- Immediately after complete fatigue by indirect stimulation of the motor nerve, the muscle
responds to direct stimulation.™

Stephens and Taylor®® suggested that both peri?héral ggmp’onems contri‘ibute to fatigue.
In the initial stage of force decrement, fatigue of the sustained maximal contraction of the first
dorsal interosseous muscle was attributed to failure at the neufomuscuiar junction as the action
potential of the ulnaf nerve was relatively unchyanged when compared to the significant decrease
in force. Ag the force generated fell to approximately 25% in the second stage, however, fatigue
was then attributed to failure within the contractile mechanism. At high levels of force the

presence of artificial occlusion (arterial cuff) made no difference in the prc .cssion of fatigue
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but in the second stage of fatigue, the cuff prevented the plateauing that occurred normally
when the force was diminished to épproximately 25% MVC. The force proqlgced by the muscle
which had the blood suﬁply impaired, decre:ased to a level well below the 25% MVC.*

It is evident that muscular Fatigue is coinplex. It is probably most accurate to state that
this phenomenon is a result of a combmauon of central, neuromuscular and contracule fatigue
and that the site of fatigue depends upon the type of activity. It is speculated that
neuromuscular’fatig‘ue is most marked during intense muscular contractions and that contractile
faiigue is more prominent during low tension efforts.’® Central fatigue has been commeonly
viewed as a safety device to protect the muscles from injury.*? h

o

BLOOD FLOW AND FATIGUE

The rate of ‘fatigue is directly related to the mtensnty of the contraction.*? At low

tension levels up to. approxxmately 10-15% MVC, a steady state is rcached whereby the
metabolic requirements needed for the contraction are sufficient to'maintain the contraction.*¢
In this state, fatique is not reached.*® At tensions greater than 15% MVC, “the metabolic
requirements become less sufficient for the needs of the contraction. When the supply and
demands of energy sources are not in balance fatigue is inevitable. ‘

Muscular contraction of higher intensities(ciw\se( impairment of blood ﬂow t 26,32 The
creater the force of contraction, the greater the force of ‘mechanical compressnon exerted by the

muscle Fibers on the blood vessels.’? The exact percentage of MVC at Wthh blood occlusion

occurs during an isometric contraction is not agreed upon. Some investigators have suggested

that a force as low as 20% MVC is capable of interrupting the blood supply to the active
muscle.! ** Most, however, agree that a contraction ranging from 30-60% MVC causes the
internal muscular pressure to be equivalent to the blood pressure.'* ' ¢ 75 Still others have

proposed that blood flow is not interrupted during an isometric contraction until 70%-MVC is

nhtained.!? 2

T
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Reg;{rdless of the %MVC that blood occlusion ochrs, it is well known that a sustained
isometric contraction causes a depletion of high energy phosphates (ATP and PC) compounds.
which are irﬁmediatcly available forthe majrﬁcnance of muscular contraction.’” ¢ In addition,
without circulatir{g blood, the removal of actamulated metabolites is’ impaired. With the
debletion/replenishment system inOp.eréti‘ve during blood impedment, the force of the sustained

contraction decreases. $° The rate of force degradation is directly related to the intensity of the

" contrattion. " A maintained contraction reduces-in strength until the tension falls to the critical

level (20-70% MVC, depending on the reference) at which point the fatigue curve flattens. This
plateau represents the re-establishment of steady state as blood flow is restored and the faitgue

A"
rate is reduced.®* ¢

DURATION OF ISOMETRIC CONTRACTION

The amount of force exerted and the duration for which this tension can be sustained
without fat'i'guing are inversely related.** When an isometric contraction is below 15-20% MVC,
the muscle cannot reach a state of fatigue regardless of the duration of contraction.* ** This can
be explained by the fact that the muscle is able to produce the energy required for maintain.ing
the static contraction.at a rate equivalent to the rate at whxch energy is expended.?* In this

‘»
instance, a steady state is attained. Fog<an isometric contraction which is greater than 15-20%

MVC, however, the muscle expends (entirely in the f orm of heat)® at a faster rate than the rate

at which energy 1s regenerated."’.‘." With a 'J‘;iatic contraction greater than 15-20% MVC,\
therefore, a gradual depleuon of stored energy must result and f atxgue is mevuable The time
requlred for f augue to develop is mdlrectly related to thc tension exerted.

When developing a training program, the energy system(s) utilized must be identified.
The- energy sflstem that is involved is airectly dependant upon thé duration of activity.®
Activities of long duration (i.e.,- exceeding five minutes) rely predominantly on energy derived
from the oxygen system. Exerc1ses of short duration (f ive minutes or less) obtain energy

prlmanl) from the ATP-PC and LA systems.*

Mo
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A training program designed for improving muscular strength involves exercise bouts of
short duratio;l and of near maximal effort. With intense, heav- muscular activity, the
' ATP-PC system will provide the necessary energy.*' ** This immediate anaerobic energy source,
however, can be depleted, in man, within 10s. ¢ %

The duration of a muscular contraction which is claimed most effective for the purpose'
of strength ‘training, varies from six o jl5s. HetEinger aﬁd Muller (as. reported by Rose et al.™
and Fardy*?) stated that ;';aximal strength im\p“ro\vcments could be obtained with an isometric
contraction held for six seconds. Kots** % and others’ have suggested that a 10s muscular
contraction’ was the optimum length for a maximal effort. Royce™ reported that an isometri;
MVC could be maintained for 15s at which time the tension produced by the muscle began to

o

fall,

[y

In thc; literature, strength training studies have utilized various lengths of contractions.
Many studies'* ¢ *° s 60 62 have employed the 10s contraction as proposed by Kots for
improving muséﬁlar strength. Several?? * *! ** ™ have chosen the six seconds as suggested by'
Hettinger and Muller. Still others?’ ** ** ¢ have allowed for a 15s contraction (five seconds to

reach peak tension with the remaining 10s maintained-at the maximal level of intensity).

>

)

REPEATED MUSCULAR CONTRACTIONS

There are two major criteria for improving muscular strength, both of which employ
the overlcad principle.®® A muscle must contract égainst ‘a resistz;nce of an adequate load, a
sufficient number of times in orderA to increase its étrength.” Since the first factor of training at
‘a high intensity hasl‘been discussed, the number of repetitionszwill be reviewed presently.

The evolution of the number of repetitive ac}ions within one strength training workout
is intriquing. In the early 1950's, Hettinger and Muller (as reported by Rose et al.” and by
Fardy®?) claimed that strength co.uld increase at a rate of five perceﬂt per week just by
isometrically contracting a muscle, or muscle grouﬁ, for six seconds at two»thirds‘ maximal

tension, once daily, five times per week. These results were supported a few years later when
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Rarick and, Larsen™ dublicatcd Hettinger and Muller's study, concluding that brief periods of
v

isometric tension (one six-second bout of isometric exercise daily at two-thirds MVC) proved

to be as effective for strength development as more frequently repeated (up to eight per day)

exercise bouts at higher levels of tension (up to 80% MVC).

In the early i960's, Muller (reviewed by Matthewg and Fox*') claimed that maximal
strength could be developed‘ best by" training ffvc day a weeJk with each training session
consisting of five to 10 maximal contractions held for five seconds each. The length of the rest
interval dispersed bet;veen the series of conlractioﬁs was not indicated. Berger* stated that tzhe

optimum number of repetitions for increasing the tensile strength of a muscle is between three

and nine tepetitions in one set and that this format should be repeated for 12 weeks to produce
;o

v ( 3 A \
Hislop (as reported by Hood and Forward*‘) expressed the importance of the rest

an increase in strength.

interval when he stated: "If a maximal effort has been executed, the tension reached can't be
repeated or exceeded by a second contraction in a {sﬁlort' interval of time". With this in mind,
Kots*? désigned an experiment to determine the opiimal rest interval which ena.bled a second
maximal isometric contraction of 10s (induced by electrical stimulation) to be equivalent in
strength to the first contraction of the same duration. Using intervals of 10, 20, 30, 40 and 50s,
Kots \found the 40 and 50s rest period to be superior. Proceeding one step further, Kots
examined which of these two rest intervals would pérmit a series of 10 consecutive, maximal
isometric contractions each of 10s in duration. It was reported that thé 50s rest interval allowed
each of the contractions to be maximal. With the 40s rest period between each of the 10 efforts,
:the last contractions were submaximal.

Today, a roulline including two to five bouts (sets) of six to 10 repetitions daily, or
every other day, is practiced commonly as this is thought to produce the greatest strength
increase in the least amount of time. Studies? *° *° utilizing this protocol for increasing strength
have reported greater resting concentrations of energy stofes, such as muscle creatine and

adenosine, suggesting the capacity of the ATP-PC system has been enhanced. Since this system
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is used for intense maximal efforts, the ability of muscle to improve its strength is increased.

RECOVERY FROM REPEATED MUSCULAR CONTRACTIONS

In order to perform multiple contractions, the intercontraction rest interval must be of
sufficient length. During this period, ‘the energy stores which have been depleted through
muscular activity are restored so as to be available. when needed by the next effort. The
recovery period, as it is termed, is f _unct.ionally the opposite process of fatigue.”’

The érﬁoum of recovery that occurs during an intercontraction rest inferval depends on
two factors; the length of the recovery period and the degree of strength degradation.!? T;hesc
factors appear to have a paradoxical relatiqnship. This paradox was illustrated. by Caldwell*?
who observed the amount of recovery that occurred during a series of contractions. Each
session consisted of ten 12.5s isometric contractions separated by intertrial intervals of 12.5, 25,
50, 100 and 200s, with intervals being constant within a given session. It was observed that with
short intercontraction intervals, recovery tended to increase with successive rest periods but
with long relief intervals there was a tendency for recovery to decrease yvith rebeated tests. The
explanation to this sgemingly unrealistic condition is that the ar;lount of recovery. is not only
determined by the length of recovery period but also by the degree to which the muscle has been
degraded by prior efforts. Contractions occurring more f requently accumulate more metabolites
and deplete local | energy. sources 1o a grea_ter‘- degrée than contractions with longer
intercontraction intervals. The shorter intervals, therefore, are inadequate to permit complete
recovery of contraction strength.

In a later study, Caldwell and Lyddan'’ conducted a similar study, however, each
session in this instance, included ten 25s isometric contractions separated by intercontraction
periods of 25, 50 and 100s. Although supporting the conclusioné of the earlier study with regard
to the recovery tending to increase with shorter rest intervals and decreasé with long rest

periods, Caldwell and his associate were unable to define a clear relationship between decrement

and recovery. The shorter intercontraction interval displayed a slight inverse relationship

Fors
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between decrement and recovery but for the 50 ar{d 100s rest, both decrement and recovery
- tended to decrease with tyrials. +

Since recovery patterns, like fatigue curves, are a f qnttion of the exercise int;nsity, it
seems reasonable that muscles must be fatigued to the same level of strength before making a
comparison bf the rciative effects of two or more exercise programs on recovery.!’ In-a study
by Clarke’*, this factor was not controlled. There was an apparently greater recovery following
static exercise. This difference, however, may not have been due to the fact that the muscle was
fatigued isom;itrically. rather than isotonically, but that the isometric exercise was more
fatiguing as was evidenced by the significantly lower final strength scores (32.2 kilogram, or kg,
for the isotonic group and 19.9kg for Vlhe isometric group).

Conducting a study similar in design to Clarke's earlier study, Clarke and Stull’’
exeréised the forearm flexors of 31 adult males for three minutes isotonically, maximally
contracting once evcr)f two seconds. One week following, the same group isorﬁetrically exercised
their forearm flexors, not for a particular duration as in Clarke's'* study, but to the level of
strength decrement equivalent to that which this muscle group attained 'the ‘week prior. After
both testing sessions, the subject rested for 60s before maximally contracting the forearm
flexors. "This sequence of 60s rest followed by MVC was repeated f;)r 10 minutes (min)
following the two exercise bouts. ‘

Unlike the previous study, Clarke and Stull'’ failed to‘: conclude that the recovery is
faster following isometric exercise. Instead, these investigators observed that the strength
Tecovery curve has two components; a fast component initially followed by a slow component.
The advantage in recovery of one mode of exercise over the other changes depending upon the
phase of recovery. .

For both exercise conditions, the initial phase of recovery lasting up to two minutes is
characterized by a fast component. Aft‘er two minutes of recovery, the slow component
dominates. When muscle strength is depressedc to the same level, the isotonically exercised

muscle recovers quicker during the initial stage of recovery.'” This advantage subsides and
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thereafter recovery is 35% faster following isometric exercise.!” One must be cautious, however,
of interpreta'tion. The 35% faster recovery in the Se“cond phase following isometric exercise may ‘
not be advar‘lnageous il one wishes to recover as much strength as possible in the first couple of
. -~
minutes of recuperation.
| Clarke and Stull'” have suggested that the two components of the recovery curve
parallel the normal recovery blood flow curves. The initial phase is associated with reactive
hyperemia while the second phase accounts for normal blood flow debt. In recovery blood flow
curves, the first stage is much faster than the second stage. |
In attempting to define the relationshﬂip between chemical recovery in muscle and the
recovery of muscle performance, Harris et ai.“ found that occlusion of circulation (artificially)
during recc;very prevented resynthesis of energy stores thereby inhibiting muécle strength
recovery. Under normal conditions, however, it was observed that PC resynthesis occurred in a
biphasic manner, exhibiting a fast and then a slow recovery component. Since thé

'replenishment of PC relies on the presence of oxygen,’ the biphasic resynthesis of PC must be

related directly to the biphasic blood flow curves.

‘ QUADRICEPS FUNCTION

| The quadriceps is very important for e.v‘eryday physical activity. Originating above the
knee joint and inserting onto tlhe tibia below the knee, the quadriceps muscle group extends the
knee. Due to their internal attachments, the force that the muscle produces cannot be measured
diréctly. The muscular tension generated, therefore, is tested externally via their' levers

[3

systems.'?

Being easy to position and stabilize, tha quadriceps group is a good muscle f o; testing.
As a rtesult, it is a common muscle used in investigations, making comparisons with other.
studies possible. |

In studies observing muscular strength of the quadriceps, it has been commomly agreed

that the maximum isometric contraction of the quadriceps can be obtained at 50-70 degrees of
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flexioh.” 130 ae 5760 78 Ay this angle, the quadrieeps (specifically the vasti) is in the lengthened
po_;;iiion; Being a two-joint muscle, how"ever, the angle at the hip is also important to consider.

While a subject is_ in a sitting position with the knee flexed at 60 degrees, it has been
suggested that the hip should be extended to 110-135 degrees in order for the heavy resistive
exercise of the knee extensor muscles to be performed eff ecuvely 21 This angle places the rectus
femoris in a lengthened position. With the knee flexed to 60 degrees and the hip extended 110
degrees, all muscles of the quadriceps, therefore, are in a lengthened state enablmg the muscle
to exert the greatest extensor force at the knee.” A strong contraction resuits because the
sarcomeres are lengthened which places the cross bridges in a more effective position for -
formation."’

To accurately measure the strength of th} quadriceps meehanisrﬁ. one must stabilize the
rest of the body (i.e. the hips andttrunk) 10 restrict-extraneous movements of_ the subject
during testing. A subject will be unable to exert maximum force of the muscle group being
tested unless other muscle groups of the body contract to pr_dvide as firm a base as possible
from which to pull. ¢* The stabilizing _force must be at least equal to the maxima{ force that the
muscle being tested is able to exert.** If the stabilizatiofi is vinadequete‘, the measured force of
the muscle will represent a submaximal effort.

Mendler®* demonstrated that the force of the knee extension increases as stabilization of
the body is increaseci. Compared 1o no stabil@zafion, other than the weight of the body while‘ in
a sitting positfon, the maximal. torque produced by the quadriceps at 60 degrees knee flexion
could be increased by 20%-with the hands graSping the sides of the chair and by a further 10%
with thigh and back stabilizatio.n. Using the same knee‘ flexion while in a seated position,
Richards and Currier,”® confirmed that grasping the sides of the chair and using a backboard
iﬁereased the toiqﬁe of knee extensors. Without supporting the back, the rectus femoris of the

- quadriceps group was recruited to assist in stabilzing the hip and, therfore, could not contribute

its full effort to knee extension.
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SURFACE ELECTRODES FOR STIMULATION

Elec;rodes représent "the interface between the technical and biological systems."**
Two electrodes are necessary; one to introduce the electrical current and one to allow the
electrical current to c¢xit from the patient thus completing the circuit. Althc,mgh electrodes vary
considerably in size, shape and type, they should share common characteristics. Electrodes
should be simple, inexpensive, and flexible to conform to the body contours.*

Surface electrodes are usually. made of metal (lead, stainless steel, aluminum, brass or
tin) plates covered with a soft m.aterial such as several layers of gauze or cloth moistened with
warm saline or tap water?® ¢ 77

The size of the électrode varies substantially depending upon the area and the tissue
being stimulated as well as the desired effect. Generally, the electrede size is proportional to the
area to be treated. A large muscle requires a larger electrode than a nerve. Covering more
surface area, a larger electrode decreases the current density and, hence, increasesr ’the
threst;olkd.” % This is desirable when the aim is to prevent contraction of muscles other than
those being treated, and in particular the antagonists to the muscle being stimulated.”” In
addition, less current density minimizes the discomfort of the patient due to fewer surface pain
receptors being excited.?® 77 ** Contrarily, a smaller electrode pad increases the current density,
lowers the threshold required for excitation and increases the péin level.?* 77

The size difference between the two electrodes is more important when applying direct
current rather than alternating current. With direct current there is a distinct positive (anode)
and negative (cathode) electrode. The cathode is the active electrode and is usually srﬁéller than
the anode or dispersive electrode.® 7* The difference in di.mgnsions causes a higher current
density under the active electrode thereby depolarizing the nerve fil;er at a lower threshold.®*
With alternating current both electrodes become "active" during the alternate phases of each

stimulating cycle, therefore, minimizing the desirability and effectiveness of using electrodes of
A

signif icantl}:'/dif ferent sizes.

~
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The distance between the electrodes is another factor which influences the adequacy of
the stimulating current. In general, the further apart the two electrodes are placed, the deeper
the penetration of cﬁrrent.’ Conversely, as the distance between the electrodes decreases, the
more superfic.ial th;: effect of the stimulation. Applying the current by the direct‘ technique
produces superficial comraction“ which may be partly explained by Lhebproximity of the
electrodes which are usually closer than those of the indirect technique.

APPLICATION TECHNIQUE ’

| The two main methods used in the placement of surface electrodes are the indirect and -

the direct technique. The indirect (or unipolar) technique is used most frequentl; anq involves
the placement of one electrodé pad over the motor point(s) of the muscle(s), or over the main
nerve trunk supplying the muscle or muscle group, and the other pad on another part of the
body.!° The motor point of a muscle is the point where the major nerve enters, the musé‘le that
it innervates. It is at ihis point that the nerve is most supérf icial and, therefore, most sensative
to the current.'® 77 With the indirect method usually the electrode over the motor point(s) is
smaller than the other electrode.’® The larger electrode can be placed over the nerve trunk
supplying the muscle which will stimulate all the muscles supplied by that nerve trunk.”

The direct (or bipolar) technique places both electrodes of equal dimensions directly
over the muscle belly?® along itsvlongitudinal axis.'* The densi‘[y of current when_using this
technique is almost exclusively located in the target muscle, with only é slight possibility of the
current strength spreading to other muscles (;r muscle groups not directly involved.!® |

_The preference of the indirect method clinically can be explained, at least part.ly_ by the
difference in the Aexcitatiqn range of nerve and muscle tissue. The excitation range is the ratio
between the current strength required for a maximal coﬁtrac[ion and the current strength
requited for a-minimal contraction.'® For nerve ‘tissue the excitation range is considerably
smaller than that of muscle.’® In stimulating a muscle through its nerve, a slight increase in

current will increase the magnitude of the contraction markedly. However, to obtain the same

increase in contraction force by stimulating the muscle directly, a much greater increase in
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current is required.!® Due to stimulation of 'senéory receptors with the increased intensity, the
magnitude of comradion may be limited by pain in the latter case.
ELECTRICAL MUSCLE STIMULATION STUDIES

Several recent suidies have attempted to duplicate the Russian protocol.?* ' * 77
Curwin et al.,* in a biochemical study, examined the effects of EMS in the rehabilitation of
post—surgical knees. All patients were immobilized for six weeks) following énterior‘&uciate
ligament reconstructive surgery. Serial muscle biopsies were made during the immobilization
period and for 12 weeks after removal of the cast. The patients‘were divided into two groups;
one ‘group received physiotherapy involving no EMS and the oiher group received.
physiotheraphy. including EMS. A high frequency (2500cps) electrostimulator provided the
external stimulus for the EMS group..The current, modulated by ihterruptions_ of 10ms every
20ms (that is, 10ms on followed by 10ms off), was applied to the patients using a 15/50/10
protocol. The results show that there was no significant difference in gl);cogen concentration.
between the two groups. However, there was an increase in myofibrillar ATPase in the EMS
group as compared to a decrease in the other (‘control) groﬁp. It was not reported whether or
not this difference was significant. Stanish et al.,”” conducting a similar study té that of Curwin
et al., did report a significant difference between the two groups in ’regard to rriyqfribrillar
ATI;ase (pé0.0S). These resea}rchers \céncluded that immobilization of a muscle for si); weeks
has a significant detrimental effect on myofibrillar ATPase. It appears that EMS can prevent
some of tBe deteriorating biochemical chz.mges that occur in muscle when it has been
immobilized for a period of time.
. Laughman et al.*s and Currier and Ma.nn”, using similar methodology, evaluated the
ability of EMS to increase normal quadriceps strength. Both studies comparqd a control group,
an isometrically exercised grdup and an electrically stimulated jgroup. A fourth group which

received voluntary exercise combined with superimposed electrical stimulation was added to the

comparison in Currier and Mann's study. A high frequency (2500cps) stimulator exhibiting a
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modulated sine wave of 50pps (10ms on, 10ms off) was applied to the quadriceps via the
indirect technique for all groups receiving stimulation. A 15/50/10 protocol was utilized for
15-25 sessions over-a five week period. It was reported that the ieometrically exercised group,
the clectrically stimulated group and the isometrically exercised group with super-imposed
stimulation had significantly higher torque increases than the control group, even after the
adjustment was made for initial strength differences. No significant difference ir} torque was
observed between the experimental groups.

~ Other studies in the literature have utilized the 10/50/10 protocol of the Russian
Technique but have used a low frequency faradic current,3? 33 41 3¢ &2 Alfhough all of these
studies examined the quadriceps muscle group, the sample population, electrode placemem and
treatment f Tequency was inconsistent.

Johnson et al.*’ applied a low frequency (65cps) faradic current to the quadriceps of
patients with varying degrees of chondromalacia patella and muscle»atrophy vi‘a the indirect
technique. With the knee flexed at five degrees, the patient received 20 treatment sessions of
maximal]y tolerated stimulation. The results revealed an increase in quadriceps strength ranging
from 25-200% which was directly dependent upon the severity of the patient's condition, and
upon the frequency and number of the stimulations. However this study failed to mclude a
comparison group.

Another stu in'volving a strength improvement program for atrophied quadriceps was
conducted by Godfrey et al.’* Patients sustaining either surgery or injury. to the knee were v
tandomly assigned to an isometrically exercised group or an electrically stimulated group. The

P

10750710 sequence was followed by both groups for 12 sessions with the muscle contracting
/

either voluntarily or z:t° “zially. A faradic current with a frequency of 60cps was applied via the

. direct method to the paticris in the stimulated group.

Although trained isometrically, the patients were tested for maxirnurp isokinetic forque

generated by the quadriceps on a Cybex 11 dynamometer at angular velocities of 3, 10 and 25

revolutions per minute (rpm). The results showed that the EMS group had a significantly
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higher average than the isometrically exercised group at 3rpm but not at 10 or 25rpm (p <
0.05).

Similar to Godfrey et al.,** Eriksson and Haggmark?® conducted a study comparing two
groups.of patients undergoing quadriceps strengthening. Dissimilar to Godfrey et al., however,

the patients in Eriksson and Haggmark's study received a faradic current with a frequency of

200cps, for five to six seconds followed by a five second rest for one hour daily, five days a

* week for four weeks. The results from the study indicated that there was better muscle function

with less atrog‘hy of the quadriceps in the group acquiring stimulation and that there was a

significantly higher oxidative enzyme activity (specifically, succinate dehydrogenase) in this '

group when compared to the non-stimulated group.
In training the quadriceps of healthy subjects utilizing the 10/50/10 protocol, Kramer
and Semple** studied the effect 5f EMS on strength gains as compared to traditional methods

of training over a period of 10-12 sessions. A control group, an isometrically exercised group,

an electrically stimulated group and an isometrically exercised group with superimposed‘

electrical stimulation were examined with a faradic, alternating current (assymetrical, biphasic

rectangular wave pulse of 1.0ms at 100cps) providing the stimulus for the stimulated g}oups.‘

No significant difference was reported between the trained groups. A significant increase in
strength was noted in the experimental groups, however, whyen compared to the control group.

A similar studyr was conducted by McMiken et al..®? An isometrically exercised group
and an electrically stimulated group receiving a faradic current exhibiting a square wave of
0.1ms duration at a frequency of 75cps, when compared fqr strength gains, showed no
significant difference. A control group was not included in the study.

Currie:  z1.?* supported the results of the previous studies.** ** A rectangular wave
delivered at 25cps was indirectly applied to normal quadriceps employing a 6/10/6 format.
Although Currier and his associates found no significant difference between the isometrically

exercised group (19% improvement) and the isometrically exercised group with "EMS

superimposed (21% improvement), it was revealed that these experimental groups did differ

N
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significantly from the control group over 10 sessions.

It appears from these studies that repeated cutaneous electrical. stimuiation is
comparable in eff ectiveness} to common strengtl}ening’methods of isometric or dynarr{ic exercise
with no undesirable side effects. In studies using patients, EMS was actu‘ally réported to be
superior to traditional rehabilitation techniques.? ** ** ¢ 62 Fyrthermore, electrical stimulation
superimpos;d on voluntary effort does not enhance strength gains'beyond that achieved

through voluntary or electrical stimulation only programs in this population.?” ** st



Chapter III

METHODOLOGY

A. SUBJECTS i Ry

A total of 30 university-aged males (/18.-31 years) voluhtec}ed for this study. The V
subjects were healthy, having no known pathological_‘condition(s) nor ?revious surgery ‘of
either the right knee or right hip. | |

Each of the 30 subjects was randomly assigﬁeﬁ to one of tx;/o indirect methods of
electrode placement. On three separate test days the subjects were required to produce 10
consecutive stimulated knee extension torques. During each session the subject berformed the
_task with a different rest interval interspersed between the consecutive torques. The three rest.

intervals used in the study were: i) 35s, ii) 50s and iii) 65s. Prior to testing, all subjects were

randomly assigned a sequernce order of these rest intervals.

B. MEASUREMENT APPARATUS \

-,

A Cybex II isokinetic dynamomgter‘, c::lpable of measuring both isometric and
isokinetic torques, was used to measure ;hé isometric torques produced by the quadriceps. The
dynamometer consisted of a padded chair, a resistant lever arm, various straps to stabilize the
body and a s_peed selector which was adjusted to 0 degrees per second (degrees/s). l‘

A Cybéx II Dual - Channel (paper) Recorder simultaneously recorded the torque
(measured in ft-1b) and the angle of knee extension on a paper readout. The torque iange scale
was set at 0-360ft-1b and the paper speed at five millimeters per second (mm/s) The torques

recorded on the printout represented the resistant torque that the dynamometer had to produce

to counteract the effort torque of the subject.

* Lumex, Inc, Bay Shore, NY 11706, USA &
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C. CALIBRATION

Calibration of the Cybex I Dual-Channel Recorder was performed with the lever arm
positioned at 30 degrees from the vertical (ie.‘the testing angle). A Tru-Trac traction machine®
was positioned such that it pulled perpendicular to the lever.arm. The force of traction was
applied to the arm at a distance of 2.33 feet (ft) from the dynamometer's axis of rotation and
was measured by a cable tensiometer.** Knowing the force _prodﬁced and the length of the lever
arm, the true torque was calculated. This true torque was compared to. the recorded torque
registered on the recorder's readout. Each major divjsion on the printout represented a r‘ange of
37.2-42.3ft-1b which was calibrated at the begi‘nning of each testing day. The recorder was
calibrated throlxghout the full scale of 0-360ft-1b and in the direction of knee extension, at th

angle of testing. ‘ o .

o
. o

D. ELECTRICAL MUSCLE STIMULATOR .

The electrical muscle stimulator used in this studyllsla common,.‘clinically used
stimulator. The TECA SPS5/T*** is designed for thera{eun’c use on normally innervated
muscle. The 'I'I:CA stimulatbr produces a‘ faradic (altermating) current with an asymetrical
squ'are wave form. Its frequency was set at 100cps with the cﬁrrem being on for lrﬁs and off
for 9ms.!*” The electrical stimufator was observed to provide a maximum current of 34.1

milliamperes when passed through a 1000-ohm resistor. The milliamperes of the current was

measured via a Beckman 3030 multimeter.**** The current was well tolerated by the subjects.

v

* TRU-EZE Manufacturiﬁg Co, Inc, Temecula, CA 92390, USA
** Pacific Scientific Co, Inc, Los Angeles, CA, USA

s** TECA Corp, Pleasantville,"NY 10570, USA"~

- s*** Beckman Instruments, Inc, Brea, CA 92621, USA



E. TESTING PROCEDURE . .

”,

0 k “
Thirty volunteers were réi%ﬁ%ly assigned to one of two electrode pad placement

groups. The random assignment was to minimize the effects of learning and/or conditioning.

All subjects were tested using three rest intervals; i) 35s, ii) 50s and iii) 65s.

Each s'ubject participated in four to six sessions and réceived similar instrucfions. The
first one to three sessions, depending on the subjéct, were used to familiarizc the subject with
the purpose of the study, the testing procedure, the apparatus and the sensation of EMS. If the _
subject was unable to become comfortable with the sensa;tion of the EMS within three practice
sessions, he was eliminated from the study. Two males withdrew from the study for this reason
and replaced by two other volunteers. During the first sessién, informed consent for_rrfs (see
Appendix 1 on page 72) were signed by each subject.

The practice sessions’ were followed by three test sessions - one session for each rest

period. A minimum of 48 hours was required between any two sessions including the practice

\

sessions.

During all sessions, the subject used the indirect method of pad placement that he had
been randomly assigned to. In group 1, the larger (9x14 centimeter or cm) proximal electrode

o 5 ,
was placed over the lumbo-sacral plexus jus%,tb the right of the subject’s spinal column. The

‘'smaller (7x16cm) distal electrode was positioned over the femoral nerve which is the major

%

nerve supplying the quadricepé‘ Group 2, using the same electrodes as used by the first group,
placed the larger proximal electrode over the femoral nerve in the groin area and the smaller
electrode over the motor points of the distal quadriceps. A motor point is th point at which
the motor nerve pie;ces the muscle that it innervates. It is at this point that the nerve is most

o

superficial and therefore most sensit:~~ to *hc =lectrical stimulation.

Prior to any session, the .ucj  .: requested '~ perform five minutes (min) of ’
flexibility/warm-up exercises. The sub, ' i was then see “ybex chair so that the back
of his flexed knee was resting over the edge .of the chair. . .ed Cybex seat back supported -

the subjects back. For shorter subjects, back pads. were placed between the subject and the seat

-
o«

7,
<%
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back to rcndgr support.

To fi;( the body in place and to prevent other muscles assisting in the action of the
quadriceps, the upper body was stabilized b;/ two shoulder straps and the pelvis by a seat belt
that was placed around the hips. The right thigh which was supported along its entire length by
the horizontal pa}lded seat was secured by a velcro strap placed approximately 10cm above the
balella over the thigh. The axis of rotatitm of the leve‘r arm was adjusted to coincide with the
rotational axis of the knee joint (ic. through the femoral condyles).*® ** The lower right leg was

strapped against a padded block at the lower end of the adjustable lever arm. This pad was

positioned so that the lower edge of the pad was just proximal to the level of the malleoli. After

5 the lower leg was stabilized, the lever arm was adjusted so as to place the knee at 60 degrees

flexion (from the horizontal).

During the first practice session, the exact positioning of the distal electrode was
determined by using a small electrode probe. With the respective proximal electrode in place the
two groups used the probe as the distal elcctrc;de. The stimulator was s-et to a low frequency
pulse rate (10 pulses per minute or ppm) and the intensity to zero. For group 1, the subjects
positioned the p[(_)be over their mid-groin area to locate the femoral nerve. The intensity was
then graduaily ‘i;qrea'sed by the subject until a barely visible contraction of the q’uadriceps was
observed. Without increasing the intensity, the probe was moved about this general region. The

T point which elicited the greatest contraction at this intensity was marked with a felt pen. For
grouﬁ 2, three points on the distal quadricep were located. The same procedure as for the first
group was used. For each of the thrée points, though, the intensity was turned to zero and then
incréased until a contraction of the respecti.: muscles was just visible. The three muscles
involved in this second group were vastus medialis, rectus femoris, and vastus lateralis. The
most sensitive spots to EMS represented the motor points of these three muscles which were
marked in felt pen. The marks for each groups were to be kept yisiBle by the subject so that the

probing would not be necessary each session. The distal electrode pad was then placed over the

appropriate area(s). As with the proximal electrode pad, the distal electrode pad was moistened
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in warm water before being placed on the subject.’The cloth pad, one centimeter larger than the
clectrode on all sides, separated the electrode from the skin. Each electrode and pad were held
firmly in place with a tensor bandage.

During the practice session the "10/50/10" (10s of stimulation, 50s of rest, repeated 10

" times) sequence was used. This technique was chosen as it was the middle rest interval of the

study. As well, this is the most widely used format of EMS in physiotherapy clinics for
increasing muscular strength.

The subject, during the practice session, was instructed to turn up the EMS, now set on
the continuous mode, until he could see the quadriceps beginning to contract. At this point, the
subject gradually increased this contraction up to his maximal tolerance by increasing the
current at a moderate speed. The target time for reaching maximum was two seconds. The
maximally tolerated contraction was held for approximately eight seconds. Each subjéct
repeated this 10 times with a 50s rest period between each stimulation.

During the test sessions, the same format as was followed in the practice séssion(s) was
implemented. ‘The subjects were requested to tolerate as much current as possible and were
reminded to reach their maximal tolerance level within two seconds., Voluntary effort was
discouraged. Each testing session would include ten 10s stimulated contractions interrupted by
either 35, 50 or 65s rest intervals. 'I:he order in whicil each subjgct performed the three tests was
determined by random assignment prior to the testing sessions.

The practice sessions-took approximately 45min while each of the test sessions involved
15min. The maximum total time commitment f or the subject, therefore, was three hours.

The recorder was calibrated using a tensiometer (refer to Section C. CALIBRATION

©on 'page ‘43) prior to each testing day throughout the study. The recorder and tensiometer
Japions . ’ .

demonstrated validity coefficients ranging from 0.97 to >0.99 and reliability coefficients
ranged from 0.98 to >0.99.
The error for repeated tests on separate days using the Cybex Il dynamometer to

measure isometric knee extension torques with the subject's shoulders, pelvis and thigh secured
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while in a seated position has been estimated to range from 4.1-6.5%.%'

F. STATISTICAL DESIGN

The independent variables of this study were the three rest intervals and. the two
methods of pad placement. The dependent variable was the torqué produced under the varjous
combinations of independent variablés. Each of the six cells contained 15 subjects.

A two-way analysis of variance with repeated measures on one factor, rest interval,
was used to examine mean torque decrements, mean torques and peak torques. When a
significant F was reported, é Scheffe post hoc test was used to locate the significance. A 0.05

level of significance was used throughout the analysis.

<3



Chapter 1V

RESULTS

 The isometric, knee extension torques produced during the 10 stimulati(;ns were
statistically analyzed using a two-way analysis of variance (2-way ANOVA) with repeated..
measures on one factor (see Appendix 2 on page 76). Groups were defined by the two different
placements of electrode pads, and the repeated measures were the rest intervals of 35, 50 and
65s. Fou. dependent variables were examined: i3 the torque decrement derived from the
difference between the average torque of the first tfllree stimulations and the average torque of
the last three stimulations (Data 1-Table I); ii) the torque decrement derived from the
diff erence between the average torque of the first five stimulations and the average torque of
the last f ive stimulati;ns (‘Data 2-Table 11); iii) the mean torque of thf: 10 stimulations (Data
3-Table I11); and iv) the peak torque of each session (Data 4-Table 1V). A visual graphic
representation for Data 1 and Data 2 is found in Figure 1 (page 51) and for Dz\na 3 and Data 4
in Figure 2 (page 52). Conversion from ft-1b torque to newton-meter (N-m) to"rquef can be
made by multiplying by 1.35. | _

| When observing torque decrement, significant differences were found for the main
effects: a significant difference was observed in the rest interval for Data 1 (p<0.001) and
Data 2 (pﬁ0.0?l), and in pad placement for Data 1 (p<0.007) and Data 2 (p<0.01). No
interaction effects for Data 1 or Data 2, however, were ob'served.. |

For Data 3, a significant difference was found on the rest interval factor (p<0.03) but
not on pad placement. Conversely, for Data 4, a signi:ficam difference was found inl the pad
placement (p<0.05) but not vin the rest 'intervai. No interaction &as observed between rest
interval and pad placement for Data 3 or Data 4. L
A Scheffe (p<0.05) post hoc test was applied to those meahs for which a factor

“showed a significant F-ratio (see Appendix 3 on page 79). In both Data 1 and Data 2, the post

hoc test revealed that the means of the 50s and 65s rest intervals, when averaged over the pad

48 ’ o



TABLE I

TORQUE DECREMENT MEANS (ft-1b) WITH STANDARD
DEVIATIONS FOR PAD PLACEMENT (A) AND
REST INTERVAL (B) FOR DATA 1

PAD . REST INTERVAL (B)
. PLACEMENT ‘
(A) - 35s 50s 655 ‘}
1 " 46.42 40.02 33.23
(14.64) (11.24) (20.01)
2 36.99 2218 18.50
(21.18) (14.39) (18.72)
41.71 31.10 25.87
(18.52) (15.60) (20.46)
TABLE 11

' TORQUE DECREMENT MEANS (ft-1b) WITH STANDARD
DEVIATIONS FOR PAD PLACEMENT (A) AND

PAD

REST INTERVAL (B) FOR'DATA 2

~ REST INTERVAL (B)

"PLACEMENT
(A) 35s 50s 65s
1 T .32.29 26.55 23.27
(10.48) (8.08) (13.25)
2 25.62 14.73 - 13.23
(16.80) (11.29) (12.70)
28.96 20.64 18.25
(14.17) (10.69)

(13.74)

39.89
(16.29)

25.89
(19.63)

21.37
(11.22)

17.86
(14.59)
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TABLE 111

MEAN TORQUE MEANS (f 1-1b) WITH STANDARD DEVIATIONS
- FOR PAD PLACEMENT (A) AND REST
INTERVAL (B) FOR DATA 3

PAD ' REST INTERVAL (B)
PLACEMENT '
- (A) 35s : 50s 65s
N . .
1 172.13 187.37 182.85 180.78
(46.70) (57.63) (40.28) (48.05)
2 151.66 156.19 162,66 156.84
(22.71) (35.79) (34.77) | (31.26)
161.90 171.78 172.76
(37.55) (49.73) (38.37)
"“TABLE 1V

PEAK TORQUE MEANS (f t-1b) WITH STANDARD DEVIATIONS
FOR4PAD PLACEMENT (A) AND REST
INTERVAL (B) FOR DATA 4

t

PAD REST INTERVAL (B)
PLACEMENT
. (A) 35s 50s 65s

1 206.63 216.63 212.68 211.98
(55.21) (62.97) (44.39) (53.63)

2 ) 181.84 176.77 179.41 179.34
(30.74) (33.05) (37.17) (33.05)
194.24 196.70 196.04

"’(45.68) (53.41) (43.64)
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Figure 2: Meaanorques' for Data 3 (a) and Peak Torques for Data 4 (b).
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placement groups, produced less torque decrements than the mean of the 35s interval (p<0.05
and p<0.01 respectively). The means of 50s and 65s rest intervals, however, diqj not -
demonstrate significantly different torque decrements when averaged over pad placemem
groups for either Data 1 or Data 2. When averaged over rest mtervals pad placement group 1

produced greater torque decrement than pad placément group 2 for both Data 1 and Data 2

(p=0.0D).

Although a significant F ratio was revealed on the est interval factor for Data 3, A
“ ) kcrence between the rest
intervals. A less 'conservatrve Tuke_v Test, _howeV_e | ) » ‘significant difference
between the means of the 3551 and 65s resr"irr”fe;\'n
were ef ound between either the means of the 353 and 505 mtervals%gr of the SOS anrj 65s intervals
(see Appendix 3 on page 79). '

Data 4 revealed that pad placement group 1 produced greater peak torques than did pad
placement group 2 (p<0.05) when averaged over the tirrre intervals.

Additiorial 2-way ANOVA's with repeated measures On score were r)erformed on each
test interval for Data 1 (Tablé V) and for Dara 2 (Table VI). A significant difference was
found between the scores within the 35‘S,JSOS and 65s rest intervals for Data 1 and Data 2
(p<0.001). The initial scores (the average tor.que of the first three or five stimulations) were
significantly higher in torque than the final scores (the average torque of the last three or five
srimulations) 'wherr averaged over ;)ad placement. Pad placement was not found significam for |
any of ‘thethree rest intervals for either Data 1 or Data 2.

Although interaction was not evident for the '355 rest interval for either Data 1 or Data

2, interaction between pad placement and score was obverved for the S0s and 65s rrst intervals

in Data 1 (p<0.001 and ng,éS respectively) and in Data 2 (p<0.03 and p<0.04

‘tespectively). A Scheffe post hoc test revealed interaction between all of the possible

combinations within Data 1 and Data 2 (p<0.001).



TABLE V

SCORE MEANS (ft-1b) WITH STANDARD DEVIATIONS
FOR PAD PLACEMENT (A) AND REST

"~ Al

A2

Al

A2

Al

A2

INTERVAL (B) FOR DATA 1

REST INTERVAL (B)

35s
first 3 last 3
196.92 150.50
(52.60) (40.71)
171.99 135.01
(28.48) (22.92)
184 .46 142.75
(43.45) (33.40)
50s
first 3 last 3
208.63 168.61
(61.59) (54.87)
167.27 145.09
(35.59) (35.87)
187.95 156.85
(53.71) (47.09)
65s
first 3 last 3
201.20 167.96
(41.69) (41.39)
171.25 152.76
(35.37) (36.26)
186.22 160.36
(40.93) (39.01)

1713.711
(51.89)

153.50
(31.60)

188.62
(60.82)

156.18
(36.88)

184.58
(44.18)

162.01
(36.43)



TABLE VI

SCORE MEANS (ft-1b) WITH STANDARD DEVIATIONS
FOR PAD El:a%C‘EMEN'IZ (A) AND REST
RV

INT% (BLFOR DATA 2
Y /P

REST INTERVAL (B)

355 . »
first 5 last 5
Al 188.27 155.98 172.13
1 (50.47) (43.24) (49.01)
A2 164.47 138.85 151.66
(26.37) (21.85) (27.13)
176.37 147.41
(41.37) (34.77)
50s
first 5 last 5
Al 200.64 174.09 187.37
(59.89) (55.58) (58.30)
A2 163.56 14882 | 156.19
(35.46) (36.99) (36.38)
182.10- .161.46
(51.91) (48.14)
£ 65s
firsts last 5 |
Al 194.49 171.22 182.85
- (40.81) (40.83) (41.82)
A2 169.28 156.05 162.66
(35.05) - (35.64) o (35.38)

181.88
(39.52)




Chapter V

. DISCUSSION

The sublects who volunteered for thls study were hrghly mottvated As the result of
thexr prevrous voluntary exercise trammg, it was believed that these athletes would be more
R amiliar with a maximal ef fort and the sensation associated with it than the normal population.

The same discomfort whrch may have been interpreted by a non-athletic person as a result of

[

the stimulation may have been identified by an athlete as the feeling that' accompanies a

maxrmal contractron Based on this assumption, it was anticipated that thc selected population |
o/

may have been better able to tolerate the strmulatron This assumption. proved to be fairly

» accurate as only two of 30 subjects were f orced 1o drscontmue due to their inability to become

v
v

accustOmed to the stimulus, These two volunteers were teplaced to marntam the 30 subJect total ‘
[

for thistudy.

The majority of the subJects tolerated tllé snmulatlon S0 well that 60% (18 out of 30)
were able to withstand the maxrmal intensity output of the stimulator. Of this 60%, 5% (10
sub]ects) were able to reach. the maximum output of the- strmulator durmg the practrce seSsrons

It appears, theref’ ore, that over half of the subjects could have tolerated more current xnten51ty '

and. as a result, did not achieve a physlohogrcally ‘maximal electncal strmulatron ba$d
N i ) t,

contraction. Whether or not this would'have translated into greater torques is beyond the $cope . -

of the present investigation.

”

Comparing pad placement groups it was noted that mne of the 18 sub_]ects who were
able to tolerate the maximal intensity output of the electrxcal muscle strmulator were from pad
placement group 1 and theother nine were from group 2. SlX of theb 10 subjects who reached"
the maxrmal output of the machine durlng the practlce sessions were from group 1 while only

w, “x

four were from: group 2. Wlth regard to toleratrng the maximal output of the st;’muhtor it

would appear that the two pad placements were‘ equrvalent. S
g »

56



‘ : | ‘ 57

'TORQUE DECREMENT AND MEAN TORQUE: The'results of the statistical analysis
r‘evealred that the 50s and 65s rest intervals produced significantly less t#fque decrement
(bg0.0S and p<0.01 respectively) than the 355 rest. ‘interval when averaged/-qer pad
placement regardless of whether the average torque of the last three strmulatnons was
subtracted from the first three strmulatrons (Data 1 - Table I on page 49) or the average of the
last five stimulations was subtracted from the first five stimulations (Data 2 & Table I on page
49). The less torque decrement associated with't‘he two longer rest intervals appears to be
reasonable ‘as one would anticipate that a 'muscle grven more time to recuperate between
stimulations would be better able to mamtam the initial level of tension than a muscl) with a
recove°ry period of shorter duration. _With' the 35s rest period interspersed between the
s

stimulated contractions, muscular fa‘tivgue was more apparent as evident by the greater torq.

decrement.

When,. the 10 stimulations‘per session were averaged and the means comrzared, it
1 ) ?revealed that the 655 rest mterval produced significantly greater mean torques (p<0.05) ihan

‘the 35s res;-anterva‘l (Data 3 T-oie I1. on page 50). It would appear that the longest rest

perrod enabled the muscle 16 recover {rom the previous strmulatron to a-greater degree than the

V

shortest rest mterval thereby, permitting stronger contractions ovter the 10 strmulatrons to be

v generated by the 65s interval. -

Since o’ drf ference in torque decrement or mean torque was observed between the two™

v 1

longer mtervals of rest, it-is suggested that the 505 rest between the 10 stimulated contractrons

\:. o

’1ts a snnrlar strength traming strmulus as does the 65s rest. The equal
23‘ NS g :
‘ ff ‘ the 50s and 655 1ntervals has 1mportant clinical significance. A

o

~of the quadrrceps per’
.
strength improv,lng,- ]

'rthe 10/50/ 10 protocol requxres nine mmutes and’ 105 while a 10765710

[

, session necessrtates llmrnré‘fad 255 'Fhe 10/50/10 sequence is able to accompllsh physrologrcal

e

treatment sessron utrhzm
e
changes similar to the 10/653<10 protocol but in a shorter period of time. For practxcal purposes

. therefore the 50s rest 1nterval would b&selected over the 65s interval because of the more

G

- efficient use of trme L : ‘ e
. r‘/' : N y
. O s
(s ‘> ", e ';..T'V
Y - . \‘_
. e 3
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To further emphasize the importance of this finding, a hypothetical situation is

proposed. If a thcrapist, during a seven hour workday, did nothing other than conduct EMS.

strengthening scssions,.he or she would be able to treat just less than 49 (48.8) patients per day
using the 10/5\)/10 protocol or just less than 37 (36. 8) patients per day using the 10/65/10
protocol. In one. dav thereforex nine additional patients could recelve EMS therapy utilizing the

10/50/10, o opwsed to m% 10/65/10 ‘protocol.

l NN

An add{,’rjonﬁl advantage of using the 10/50/10 sequcnce 1s the ease at which the- :

l\/
h

theraptst can lmlp \fack of the trme as well’ as the r;i?mber of strmulgﬁrons that have ocoured

within & sch:on‘ln usmg a sropwatch the strmulated cdntractron commences when the

k

»stopwatch is started The contraction lasts for }’05 Wlth a 50s rest, the muscle receives its

second strmulatlon at one minute. Wlthm each ‘minute of treatment therefore the muscle
.}'

recerves strmulatron for. the first 105 dfhd then relaxes for the remarnmg 505 The tenth
'] .
; strmulatronrcommenceswhen nine minutes appears on the stopwatch.

Many of the EMS strength trammg studies have employed a 50s rest ‘interval between 10
stlmulated contractions.?? 24 3% 40 4% 4 55 @2 Few studies have advocated the 10/35/10 protocol
for rmprovrng muscular strength In prescrrbmg an interv: "°1nmg ‘program, however
Mathews and Fox* have suggested that a 10/30/10 protocol repeated flve tlmes within one

s
workout is able to train the ATP PC energy system. ‘It is this system that provrdes the required

energy for maximal efforts of short' duration The inability of the present study to support
Mathews and Fox's clarm may not depend so much on the rest interval selected perlmps as on
,the mode of tramrng utilized (i.e. EMS Vs voluntary effort) More research companng these

~

two tramrng methods is def rmtely required.. T -

The results of the present study thus far, support Kots claim that a 50s rest interval

e

interspersed between ten 10s stimulatedv contractions creates a greater strength stlrnulus than a.

»

shorter mterspersed rest period.* The results of this study, however, do not support Kots'

statement that the tenth stimulated contraction of a session:is as maxrmal" as the first

o I . o
muscular contraction.** . . Lo ) .

- & .
e - - o

ERCEVaR
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Within all three rest intervals, it was found that the average torque of the first three
and of the first five stimulations was significantly higher (p<0.001) than the average torque of

the last three and of the last five stimulations (refer to Table V on p» 54 and 'i.:ble VIon

page 55). Within ea#: session, therefore, a significant loss of abiliv to nreiuce a maximal

o

~ stimulated contraction was evideni.. The decrease in torque, howevei. more significant

when the overall torque decrement of the 50s and 65s rest interval sessions was compared to the
torque decrement of the 35s rest interval session, as was previously discussed.
TORQUE DECREMENT AND PEAK TORQUE: In observing the two indirect methods of-
electrode pad placement, it was found “thal pad placement group 1 demonstrated significantly
greater torque decremeﬁt than pad placement group 2 (refer to T:ables I and 11 on page 49).
The larger decrement for group 1 was significant when both tvhe average of the final three
torques was subfracted‘ from the init * three torques (Daﬁvl - p<0.007) and when th\e average
of the fina] five t.rques was subtracted from the initi?f five torques (‘bata'2 - pgo.m).
Interpreting torque decrement to .fepresent faiigue, pad placement group 1 exhibited more
fatigue du.r.ing.' al0 stimul:'ation session than did pad placgmem group 2.

The greater 'fléti'g‘uév experieﬁced by grbub 1 may be explained by the fact that pad

placement group 1 produced significa; 1, higher peak torques (p<0.05) than pad placemel

group 2 (Data 4 - Table IV on page 50). Since stféngth of a contraction is inversely related to

Y

_ the length of time for which the contraction can be maintained for,** a stronger contraction will

N

result in the muscle fatiguing faster. Fatigue occurs due 10 the accumulation of metabolites

and/or the dcpletion of energy stores. These two processes occur more quickly during muscle

coﬁtractions of higher torque than contractions of loWer torque. | o

The higher torque prbduced by .pad place'me'rit ‘group 1 may be a result of more muscle
f 1ber)s‘ ar}d in»partic‘:ul.ar more FT fibers, being recruit’ed than with the pad placement groupv 2.
A poss}ble e‘xplanation for the increased recru.i,tm'ent of rﬁusde fibers may be reiated to the size

of the nerve being stimulated. The lumbo-sacral nerve trunk (L3-L4} is larger than is the

femoral nerve,! With the electrical threshold of a nervé .being inversely proportional to the

9]

I

R
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4

diameter of the nerve's axon duriﬁé’ EMS, the lumbo-sacral tounk should be more éasily éxcited
than the femoral nerve. For the same intensity level, therefore, more f ibers should be recruited
in pad placement gro{lp 1 than })ad plgcergent group 2, which does nof involve the lumbo-sacral
trunk. | :

The size of _the. ¢lectrode may al$o help to explain the‘ torque difference between the t‘wd

pad placement groups. A %mall electrode increases the current density per unit area and, hence,

decreases the threshold required to stimulate an excitable tissue. The smaller electrode in group

L= P
T "1 being: placed over the femoral nerve, which innervates the quadriceps, may stimulate more

13

,}nmp} neurdns than having the larger electrode over the femoral nerve as in group 2.

+

‘KSti‘r’nulating more motoT neurons causes a stronger muscular contracti(;n.

A third interpretation of the discrepency in 'peak torque found between the .two pad
placements is related to pain. It may be that the location of the two electrodes in group 2 are
situated over areas containing more s’ubcutaneou_s adipose tissue than the placenient of the pads

it group 1. In order for the current to penetrate the adipose tissue to stimulate the undetlying

" muscle fibers, the imensity must be increased. The increase in intensity causes more superficial

nerve endings to be stimulated which increases the pain level. Pain, therefore, may be a
limitation of pad placement group 2 to produce large torques.
- With FT fibers being responsible for producing strong, shbrt duration contractions, it is

. possible that ‘the higher torque produced by group 1'is not only a result of the number of

muscle fibers recruited but also the type of muscle fiber preferentially sé‘lgcted. In group 1, the

between the electrodes decreases, the more superficial the current becomes. Since FT fibefs are
more superficially located, it is suggestive that these fibers are predominantly stimulated during
EMS using the pag placement of groﬁp 1. Electrodes that’ are spaced further apart, guch as \
tﬁoée in group 2,_ facilitate the recruitment Qf deeper excitable tissue (i.e. ST fibers).
Regardles: i the reason, the gfeater torque produced in group 1 has important clinical

significance.-In practical terms, the placement of the electrodes used in group 1 is perferable
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when the motor points of the distal quadriceps are inaccessible as would be the case with the
preserice of a cast or wound. As well, group 1's electrode placement may be selected if the knee

is effused. Swelling in a"joint causes the currént to spread which decreases the amount of

N

-current reaching the target (i.e. motor points).” ‘

Wiih regard to training, it appears that the pad placement utilized by group 1 would be
beneficial for improving strength as greater tension was produced by the muscle during EMS

using this technique. The positioning of the electrodes used in group 2 appear to’'be preferable

when the goal of the EMS sessions is to increase muscular endurance since Jesgfatigy

torque decrement) was associated with this group.

- PERCENT MVC: The subjects in group 2 were only able to generate‘ 84% of the MVC that the

snbjccts in groun 1 were able to produce voluntarily. When contfasting the force produced by

the -twn groups during EMS, hoWever, group 2 averaged slightly higher mean torques than

- group 1 (88% MVC for group 2 and 85% MVC for group 1). Perhaps the lower voluntary

b

Ii -

“author. . T e

efforts of group 2 could account for their relatively high. %MVC with the stimulated
cpntractions. ' A

When the aver:ige of the three peak torques for each subject was compared to their
res;?ective MVC, 17% (5 out of, 30) _of the subjects produced greater torques of the quadriceps
wiLh\stimulation than with‘ voluntary effort. Three of these five subjects were from group 2. It~
is speé‘_ulated that perhaps these subjects were unable to reach their f)hysiological maximum in
muscular strength voluntarily as {hey qmay not partlmpate regularly in heavy resistance training.

Details of the subjects’ trammg programs at the time of testmg were not recorded by the

K N .
oo

P

All of the 30 subjects, however \vere able to produce a mean peak torque a\/eraged over

the three sessions that was greater Ihan 60% MVC /'f fns percentage was superlor to

v
e

: Knuttgen s’1 mm1mal 50% MVC recommendanon necessary m mcreasc the strength of a

muscle. All subjects, therefore, were able to generate a snmulateé'.:pnt;actlon of sufficient

intensity to produce a strength-training sflmulus, at leas;, at the beglnmng of the 10 stimulation
. * ‘. A :)
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session (since it was the peak torques that were averaged).

In addition, at muscﬁlar tensions of 60% MVC or greater, the blood within the muscle
becomes occluded. Wi£h the restriction of blood flow, and thus the availability of oxygen, it is
postulatéd that the FT fibers were perferentially recruited since these fibers gain their efiergy
from anaerobic sources. Paradoxically, these are the fibers that are responsible for producing a
more intense contraction. Thus, if is the FT fibers which are being stressed at these levels of
tension. Since both groups produced high levels of tensions within the muscle, it is speculated
that the two groups experienced blood bcclusion which would explain, at least partially, the
pr}esence of fatigue. No stati__stical comparison between the two groups witﬁ respeci to % MVC,

however, was conducted.




Chapter VI

SUMMARY AND CONCLUSIONS -

Elee:rical stimulation h- - been used for centuries as‘a.means of rehabilitating, injured
tiszue. Only recently has it been suggested that electricalastimuiation be applied to normal tissue .
to induce advantageous phys:ologrcal changes. In "the mid 1960's, Kots claimed that electrical
muscle stimulation (EMS) can be used to increase the isometric strength of the normal muscle

by as much as 30% following 20 treatments using what is referred to.as the "Russian

- Technique". This technique consists of 10 maximally stimulated isometric contractions held for

10s with S0s rest between stirhuh;{ions, The 10/50/10 protocol is popularly used in North,_
American therapy clmlcs To date, however, there is little publrshed data that supports the

claim that the 10/50/10 protocol is the opumum stimulus for mcreasmg muscular strength

The’ purpose of this study was to mvestrgate the effect"on térque of varymg the ;est

.perrod between 1sometrrc electrically induced contractions of the knee extensor muscles. A

comparison of torque produced usmg two conventlona] methods of pad placement was also
included in thrs study. Group 1 recerved the electric current via a distal electrode pad placed
over the femoral nerve and a proxrmal pad placed over. the lumbo- sacral area while group 2
recexved the stimulatiofi through a distal electrode pad posmoned over the motor points of the

quadrlceps and a proximal pad positioned over the femoral nerve.

The 30 university-aged males who volunteered for this study were randomly assigned to

“one of the two’ indirect methods of pad placement. All subjects produced 10 maximally ”

: stlmulated rsometrrc;contractrons of the quadrxceps per sessron on a Cybex II dynamometer

positioned at 30 degrees from the vertical. For each of the three test sessrons the participants

_used a different rest interval (35 50 or 65s) between the 10 strmulatrons which was randomly

assigned .prior to testing. Torque decremcnts between the frrst three and last three stimulations
and between the first five and last f iVe stimulations; as well as, mean torques and peak torques
were determined from the 10 stimulations within each session.
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Prior to each testing day, the Cybex II dynamometer and paper recorder, which

et .
Yo
i

measured afid Tecorded respectively the isometric torqixes produced by the quadriceps, were -

calibrated at the testing angle (i.e. 30 degrees from the vertical) using a Tru-Trac traction

machine. The force of traction, measured by a cable tensiometer, was applied perpendicular to

the Jever arm at a distance of 2.33ft from the dynamometer's axis of rotation and in the

direction of knee exténsion. Caliblzﬂion was performed throughout the full 0-360ft-lb scale

utilized dhring the test Sessions.

A 2-way ANOVA with repeated measures on rest interval was used to examine the

mean torque decrements, mean torques and peak torques. The results of this study were:

-

1.

e

“the 50s and 65s rest intervals produced less torque decrements

than was produced with the 35s interval (p<0.05 and p<0.01

respectively) but were not significantly different from each

" other

pad placement éroup 1 produced greater torque decrements

than was produced with pad placemen't group 2 (p<0.01)

the 65s rest interval produced.a greater mean torque than was -

produced with the 35s rest interval (p<0.05)

no significant differefice, in mean torque was found between

either the 35s and 50s iﬁte;vals or.the 50s and 65s intervals

pad placement group 1 produced greater pe:ik torques than was

produced with pad placement group 2 (p<0.05)

the average torque of the initial three and five stimulations

were significantly greater than the average torque of the final

- three and five stimulations respectively (p<0.001)
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* The results of the present' study concur with Kots' statement that a 50s rest interval
between 10 consecutive 10s m'aximally stimulated isometric contractions provides a better
strengthAstim‘ulus than a shorter rest period. The results of this study, however, ¢annot support
Kots' claim that the tent‘h stimulated torque is of the same imensity of contraction as the first
- stimulated torque using the 10/50/10 protocol. Within all three (10/35/10, 10/50/10 and
1Q/_65/‘1.6) sessions é‘signif icant decrease in torque was observed. |

On the basis of the .results of the present study, it was concluded that the 50s and 65s
rest intervals provided the best stimulus for improving muscular strength as these rpst inter;/als
producedv the greater méan torques and less torque decrements than the 35s rest infervai. From
a practical consideration, a therapist wc;uld select the 50s rest interval over the 65s rest interval
during an EMS strengthening session as time is‘ used more efficiently. With regard,to pad
placement, it was concluded that group 1 was superior to group 2 for increasing musculﬁr
étrcngm as the former placement produced greate; peak torques and greater torque decrements
than the latter placerpent: It is anticipated that this would lead to a more optimal strength

training stimulus.

a
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! - The University of: Altiérta

S . Department of Physical-Education

INFORMED CONSENT FORM FOR THE INVESTIGATIVE STUDY i
EFFECTS OF VARIATI ON IN REST INTERVAL |
AND ELECTRODE PLACEMENT ON

ISOMETRIC TORQUES INDUCED BY ELECTRICAL STWULATI ON

nr‘ o
b

) .( 4“7‘, a

. .
r A
LY

o 5 - B T

‘,~/ e 11 %

For a ’number of years, e} ctrrcal strmulatlon techmques have b ; 'T‘ibt‘;,’)
rehabilitation of damaged trssues Iii"more tecent years, the effect’of electrigg @0 0on

. notgal tissye has produ¢ed a new interest.” Russian ‘Yesearchers, suggestrné that- 'electrlal

- contraction; e e o BRI SR

4

o

* movement in the. joint) contragtion. ‘Ten: electncally sti

strmuIa‘tron training can enhance muscular strength, have teported.up to 30% greater 1§ometr1c .
force<produced durmg an electrically induced- ‘puscular catittaction than durmg a maximal . i
-voluntary contraction, and that.3Q- 40%tstren‘§?h gains have fbliowed antg‘ecmcal stlmulatlon
based training prbgram The basis for this claim is that electrically ind¥éed muscular o
contractipns can actlvate more of thp@nuscle‘frbers in a muscle than a maximal voluntary oy

R

- The Russran Techmque an electrrcal stunulatlonfstrength trarmng program, consrsts & Wy
of . stimulating a specific muscle: forva +10-second- du}atr causing a maximal 1sometr1c (no "
n%'alated efforts. uuerrupted by a 50 -~
second_rest period .constitutes one . treatment session. The Russians suggested that ‘the
"10750/10" protocol (18seconds of stimulation; 50 seconds 're"?,t repeated 10 times) represents:
the maximal workload that & muscle can tolerate in a single treatment session, Tha.tt@s' 10
maximal muscifar efforts, each 10- seconds in- duratfon can onl» 'be completed S : second
rest period is permltted between ef f‘nrts {ﬁ. ) y :

-In North- Amerrca ?here i uttle inf n repor[ed in the: lLterature explammg the
relationship of various Test periods betteen consecutive muscular efforts and fatigue. To verify "
the - Soviet' claims: and to bettér understand the techmque 1tself researchers on this continent
‘must examine:this mode of trammg more carefully. o ) S

. The present study wﬂl observe one treatment session of teg IQ second electrrcall&'
induced ‘muscular efforts and, specifically, examine the effects of various rest periods on
_fatigue. Rest periods of 35,50 and 65 seconds have been selected. The magnitude of the
" isometric forces produced in the quadrlceps (thigh muscles) will be measured during the 10
stimulations., As the quadriceps tighten, the leg will attempt 1o straxghten J pushing against the
padded, i ovable lever-arm, posmoned Just above your ankle. No voluntary effort on your
part is required. - "R -

: Each partrcrpant of the study wrll be requested {0 attend one to three practrce sessions
and three test sessions. During the practicé period(s) you will be given an opportun

“become familiar with the purpose of the study, -the testing procedure, and the sensatrioﬁ«-m-————
electrical stimulation. Depending upon the speed at which you become comfortable with the
set-up will determine the nuriiber of practice sessions necessary. During the f ollowxng three test
sessions you will be randomly assrgned to one of three rest perrods (35, 50 or 65 seconds). On
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) each testing day, therefore you will receive a different rest perrod A minimum of 48 hours is

' requxred,,between any of the sessions. You will not be re-tested unl@s you .report zero to

\

mmlmal muscular stiff. ng_s A ‘ ‘ o

The practice sessron(s) will take 30-' minutes while the test sessiond ,
approximately 20-30 minutes in length each. ™ total time ¢commitment for eaoky: pargcpant,
therefore, is between 1 1/2-3 hours over a 1-- - period. ' ’

Each subject will be randomly assig: . to one of two methods of cufrent apphcatron “

- Group 1 will receive the electtical current -vi: one ehetrode placed on the lo

e{Tt;avH and oné’
electrode placed at the top of the thigh in the right . groin area. Group 2 will receive the

~ electrical stimulation via one electrode placed over the right groin region and the other electrode

over the thigh musculatufe just abdve the right’knee. The exact position of these electrodes will
be deterrmned and marked thh a water insoluble’ pen in the practlce session.

Once the électrodes have been posmoned each volunteer will be seated in the testmg

chair. The upper body, the right thigh, and the right leg will be stabilized by various straps and

pads. Throughout the study, the knee will be positioned at a fixed angle (60 degrees of knee

-bend).

» “

'Ehe electrical strmulator will .be to the: left of you when 'you are seated in thp testi g.
chair. At all times, you will be in"control of the intensity dial which you will gradu%lly ttgn

-as quickly and as high a® your tolerance will allbw It is important to note that you will'increase - .-

the intensity,to a level in which you-feel that you are accepting a maximally tolerated stimulus
mtensrty,,‘*No dosa is- assigned by the investigator. The maximal intensity is therefore
'ﬂ)u may tur1 down or: termrnate“the current ‘at any °pomt during the

‘l.

'Ehe first percepuon of the eiectrrcal strmulatroh' will be a prickling sensation on the
skrn The}hcklmg will disappear as therintensity is rncreased at which point the quadriceps
“will begin to tighten. At the maxim#lly tolerated current mtensrty you will feel a very strong
‘muscular contraction which will be similas to that which you have experienced in traditiona}
resisted exercise. To reiterate, it'is important that no voluntary effort be used during the
electrrcally stlmu’lated contractions. : _ s

e The .isometric Torce recordm apparatus has been calibraged and will be contmually
calibrated throughout the study. Th SLelec:trrcal muscle stimulator used in 3hrs study has been
mspect,ed by the Canadian Standards Association. The electrical ‘stimulation techniques utilized
in the present study are commonly used in existing physmtherapy clinics and are familiar to the
1nvest1gator The danger of elec.trrca} Shock and/or burn is mmrmal .

B

Maximally ‘tolerated intensities of electrrcal stimulation producifg Strong muscular |

contractions may cause some muscle discomfort " either during or after the session. If
experiencéd, this will be similar to the mgscle soreness/stiffness which may be present during og
. after hard voluntary workouts. With each of you stretching before the stimulation sessions, the
- possibility of muscle teats is considered mrnrmal Muscuiar damage- -caused by - electrrcal
stimulation has not been reported in the literature to date. In fact, two fecent studies conducted '
‘at this university with a similar method using- maxrmally tolerated electncal strmulanon have
reported no, comphcatxons to the subJects

In the event of questions please feel free to contact Ms. Ann Cox (484-7824). You have
the right to withdraw from participation at any time. No records nor photographs which would
permit your identification will be made public or used in any medrcal article wrthout your
wrrtten permission.

ﬁ-u
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The University of Alberta

T ' . " Department of Physical Education
. . o , . - <
~ | INFORMED CONSENT FORM FOR INVESTIGATIVE STUDY:
; . EFFECTSOF VARIATION : 1 REST INTERVAL
S L " AND ELECTRODE PLACEMENTON
” ISOMETRIC TORQUES INDUCED BY ELECTRICAL STIMULATION /..
. : LE : ¢

v Subjeci Consent (rétained by inv'c:stjgator)’%",é

; 1, o , do hereby agree to participate assa.subject in the
study entitled "Effects rﬁa Variation in Rest Interval and Electrode Placement on Isometric
Torques Induced by Electrical Stimulation” conducted by Ms. Ann Cox. I have been requested
1o ‘obtain a medical prior to my participation in this study. I;have not experienced in the past,
: T “nor am I experiencing at present, any serious.injury to my right knee or right hip which could

Var it interfere with, or be affected by, partaking in this study.

| ST A : T S

, . The invcsﬁsato"%%:"‘ﬂhed me to the potential risks of the sn}zly' - from miffor’
. electrical shock and/of buf.togfuscle-soreness and possible musgle fiears: It has also been
' indicated to me that the methed used in this study is a safe, comgonly pragticed physiotherapy
~ technique and that similar methods utilizng maximally tolerafed -electrical stimulation have
" been recently conducted-at the university with no complications to the subjects rcpq\n}t,gg'. I have

i AN

° 4 been advised that I may withdraw from the study at apy time. 3
S Co L . ' . .
¢ v - Subject's Signature - (>-Date’ ‘
r~ | S s
| .h
Address - ' : Phone Number Lo
R . . - ib ) T i
) o . ) .. !
r ¥ LS
-1 was a witness-during the above explanation and to the signature. .
o R - e |
o S . - .h‘ . ».*;:";i;:‘z\?ﬁfﬁ'g;! :é)": B : ‘T' ': b “.‘-' ---‘! c, ‘.,‘4’5:‘ ;’Z"*’Q_,.x -~
" Witness’ Signature ... - ' - - = Date-
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- TWO-WAY ANALYSIS OF VARIANCE SUMMARY ~ =~

" TABLE FOR PAD PLACEMENT. (A) AND
_'REST INTERVAL (B FOR
S »D‘A'TA'-]; P
.DEGREES OF MEAN F-
" FREEDOM SQUARES_IF 'RATIO

s
i .

'SUM OF .
SQUARES

71

PROBABILITY -

AB

. BS*Within .

SOURCE

(?‘3

' SQUARES -

; e Y
4411.113 !
‘.‘Jf‘:ﬁw

£14503.375 7 28

4411.113 p
517978 °

3908.848 ¥ .2 1954 424 " 10,997

270938, = .2 135 459 D062

56 "'vf }77\‘;2’119'? SRAEY s‘ :

ey .
K Yo
’ " o < R Je.
- O s & -
M ‘T »a ! (13 s
@ qv‘z.,u oy < ‘&

-WAY ANALYSIS OF, VARIANCE SUMMARY

'TABLE FOR PAD' PLACEMENT (A) AND

REST INTERVAL, (B) FOR. -+
DATA.;2 ot

“,

'DEGREES OF MEAN;U,_' o
FREEDOM - SQUARES, -

SUM OF |
RATIO -

8.516

F :‘ j e
PROBABILITY.. .

)

0007 -

O 001.‘ ..

fod

0. 471

. A

*  S-Within ~

B

AB

BS-Within

Satarigas

2035562 T 1 2035562 7.317

7789.531 3. 7278198

-

1895.325 2 - 947.662 10379

102.590 2 51.295 0.562

5113.332 ' 56 91.309

S

*significant at the p<0.05 level
**significant at the p<0.01 level '

0.0f8

0.001°**

0.573
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_TWO-WAY ANALYSIS OF VARIANGE SUMMARY
‘TABLE FOR PAD PLACEMENT(A) AND
REST INTERVAL (B) FOR
DATA 3 .
SUMOF DEGREESOF MEAN F C g
SOURCE ~ SQUARES FREEDOM SQUARES RATIO . PROBABILFfY
A 12900.938 1 12900.938  2.888 0.100
S-Within  125062.000 28 4466.500
B %@7.500 2 1083.750 3.662 0.003*
AB 588.750 2 294375 0984 0380
BS-Within  16758.000 56 ©299.250 ,,
S
r'“?' ’ p .
’ TWO-WAY ANALYSIS OF VARIANCESUESIMMRY
° TABLE FOR PAD PLACEMENT G{3(ABD"
REST INTERVAL (B) FOR © %%
DATA 4 SR
i ,
SUM OF DEGREES OF.© MEAN F o
SOURCE = SQUARES' = FREEDOM SQUARES RATIO  PROBABILITY
A - 23974.688 1 23974.688 * 4.303 0.047°
¥ : " :
S-Within,  155992.000 28 55717141
"B 97.500 (2 48.750 0.1 0.857_
AB . 855.938 T2 427969 1358 T 0°266
_ BS-Within  17650.000 | o
o _
s . ( )
i * significant at the p<<0.05 level f
—~ ' **significant at the p<0.01 level N ’
. k]
v ..
e

P
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PR HEFFE POST HOC COMPARISON
£ "™ OF TORQUE DECREMENT BETWEEN

| THE THREE REST INTERVALS
@ ..  Daml
35s . ~ 50s o 658
355 9.501° 21.204**
50s 2.317
65s - C A
s A4 . -
® . © - - ‘Daa2
& “ > . .o v »
35s - 50s ‘ 655
/s ' 11.372° 18.843%* y
50s | : 0.938
Ay ’ 6-58 v &' a D
: | I - ]
L “Z‘,’@F N L
“TUKEY POST HOC COMPARISON ="~
'OF MEAN TORQUE BETWEEN
THE THREE REST INTERVALS
‘ Data 3
C3ss 50s 655
355 T 4.903 SO ey
= 50s v, o 0.048 =
65 S » : vt i - 4 R
. + )
_ * significant at the p<0.05 level  §
. “** significant a-the p<0.01 level :
4 % ‘ ) : R »9‘;} ’ , .
% - . 3
\ [4 . ' P
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RISKSOFEMS  « .

Similar to voluntary e‘fforts problems can arise from the use of EMS. Muscle strains,
patellar dlslocations fractures of brittle bones as well as burns, electncal shock and skin
irritations during stimul‘ation treatments have been docummented. 29 52 62 However, the method
of applymg EMS via large electrode pads used in this study is srmtlar to couventional faradic
strmula&m techniques employed by physrotheraprsts whlch have proved to be both safe ‘and
accepta&\le in terms of pain elicited. Notwithstanding, precautions were taken to reduce the

.‘ ~J

likeli of problems. The provisions made by the expesimentor are outlined below.
[

- ﬂgh SUBJECT S STATE OF HEALTH: All. part1crpat1ng subjects reported (m writing),

_ hav& no prevrous nor present trauma surgery or known pathology to the nght hip or knee.

Wthh might have predlsposed the subject to the potential risks of EMS. Each subJecteig,tated'

(verbally) havmg no known systemic infection. o . i‘t_ j

COMMUNICATI ON Before the subJects commxtted themselves to the study, d‘etarIed '

1nstructions vl?ere grven by ‘the mvest1gator who conducted all sessnons The possible risk$ of the. o
T

study were. outlmed verbally, as well as written (in the Informed Consent Fotm) The

1 \

sensations of ‘EMS at the various mtensrty levels were descnbed by the mvestigatorl and the

& u.

SUb]CC[S were encouraged inthe practlce sessmn(s) to describe thetr perceptlon of the current as

' they gradually increased the intensity dial.

T WARM-UR: Prior to any session, the subject performed a minimum of five minutes

&

of flexibility and stretching exercises, emphasizing the lower limb. It was in:tporta'nt'-th'at~ the

thesubject:v‘:wag‘ﬁpositioned for- testing, he performed up to" three warm-uﬁ trials against

—

resrstanCe in preparanon for the expenment 's task. -

,. L, -

- SKIN It was not deemed necessary to shave any‘ -of the subJects legs or backs..To

T

‘ decrease the htgh resxstance ‘of the skm to electncal current the electrode pads were soaked in
. - t(i‘? ’ °
warm water leOl’ to apphcation The morstenqd p‘&gs consxstmg of several layers of .cloth, ‘were

thick enough to make a good contact between the skin and the electrodes as well as thrclc

{’..

]

muscle was warm to facilitate the response of the muscle to thestimulation. In addition, once- -

K24
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= electrode dunng the f irst phase wrll be neutrahzed durmg the next phase The dangér of toxrc

83

~ enough to absorb any chemicals which might have formed under the electredes. Care was taken.

N

to remove any creases from the folded cloth which would have céused uneven distribution of -

.«
o

current and, consequently, discomfort to the subject. The cloth pads were slightly larger on all

4

sides than the electrode thereby reducing tHe danger of the metal plates coming in contact with.

f the skin causing a concentratron of current "Not only would the current concentratron cause

,pam but there was also the possible rxsk of tissue damage: from chemrcal action. Breaks in the

Pl
_skin' likewise colld create a concentratron of current, as current travels to those tlssues with

least resrstance 7 Petroleum gel was’ apphed to open wounds f orp tion.

ELECTRQDES‘. To ~ensure a gctod contact between ‘the electrode and the skrn the
myﬂ -

"metal (lead) electrodes Were secured by a tensor wrap. The flexrble qualmes, ol“ the electrodes
] -

enhanced the contrgurt&ygl the t\vo surfaces The size of the e ,ectwéerﬁ large enohgh to

prevent uncomf ortabl%rrent densmes The corners of the electrodes were rounded fo decrease

L) -

‘the amount ‘of cuIrent‘ concentrauon that mu_l_d,hay\e\occurred. if the electrode had, become

r

ind -rounded. comers of appropnately sized electrodes

J33 expenenced by the subJects whrle enhancmg the force

bent.”* Firm, consisient con

) _r“", ., - /. . . S
therefore, minimized the discof

o
output of the muscle Furthermore the T&Ao methods of pad’ placenﬁtnt used in the study are'
»,» km‘
conventional techmques used for 1mprovmg strength with mlmmél assocrated pam
0 Q

STIMULA'}’OR The TECA SP5/T strmulator and the. operatmg procedure& followed

lly The sele'tted current produced by the strmulator was presented in

‘ electrodes changed'wrth ¢ach phase of current., The 1ons theref ore, moved in one drrecuon f or

. ,\ v

. .
" one phase and m the opposite drrectron durmg the other phase If these two opposrte phases

,.;.

. -\.

substances accumulatmg under electrodes 1s that they can, cx‘use skin irritation. and electrolytxc_

! : J){:f . . : N S
b?lrns 1o the assocrated trssues 20 77 o IR i
. . .\\ e S A ; )
\ i fe,
. A o ’
g \ : DS

D

..are_equal, whrch 18 the ‘caser wtth faradlc Stmiulatron' 7 the chemlcals formed under one.

e

AC) ‘mode: Due to the brphasrc nature:of AC, the polanty of the

2
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" movements. These- routine procedures were followed as safeguards against electric shock which

+

o

84
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Before the subject was connected to the current,
X * v \ .-
examined. Prior to the stimulation.being turned on, all connections were checked and secured,

P

the apparatus was \thoroughly '

L n . T
and the intensity dial was returned to zero. To test the output, the moistened electrode pads

wer;:, ;%t face to face. As the mtensrty\ was mcreased throughout the entire range the current

nelles of the “fmlhampmeter and the voltmeter were observed for their smoothly rising

& -

could have occurred as a result of a sudden increase in current intensity. Once the subject was

N

get up, further measures of safety were heeded to deqrease ‘the risk of shock. The pads were

well-soaked and well -secured to thesubject to provide a consistent flow of current. Towels

N

~were sifpplied gor the’ subJect to dry sweaty pal%gg% it was the subject who controled the

mtensrty dral In addrtron the subJect was mstru '

{,

10 turn up the mtensrty smoothly s0. as to

&5 '
L] Y“\J L . ‘

have no sudd’en surges in current 3

e

- MUSCLE SORENESS: Muscle soreness was -the maJor drffrculty exbenenoed by the

subject. The seventy. though was redUCed by the warm-up pe,nbd (both general and specrfrc) RIS

i o ’

prror to testmg and the requrred mrmmum}bf’ 48 hours between any two sessrons In “adghtron

e

becauser the subJect was in -control' of the mtensrty d}ral he could tum the dral up or down

4 -

dependmg upon ,the_sensatron hefwas expenencmg. : g ' g -

In conclusion, with the selected current and brocedures followed, the subjects of this

study were exposed to a rhinimal degree of phys.i'cai.fr'isk. .

[N : R Lo



