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ABSTRACT B ‘

The purpose of the study was three -fold. A com-

parison of the effects of trainih‘; .- electrical muscle

3 p«'gsi‘)

stimulation concurrent with_}" 5,ycygise, and iso-

metrlc exerc1se alone was f&fﬁ pE A comparison of
the monopolar and hipolar electrical stimulation tech-
niques was illustrated. Léstly, an observafion of the
concept of sﬁecificity of training was given. |
h Twenty-one male volunteers, ranging in age from-18

to 35 years, psrticipsted. None had a recent history g}
significaﬁt pafhology to the knee joint or surroundihg
mosculature of the'right lower limb. Subjects were.bre
and post tested .on girth measurements, isokinetic measure-
ments, and isometric strength measurements. The control
group-maintained"a‘pattern of normal daily living. The
isometric exercise group and two electrlcal muscle stimu-
.latlon ‘groups tralned dally, flvé’days each week for a

duration of s1x weeks ‘All tralnlng was perﬂormed with
the right knee placed over a standard knee board fixed at
an angle of —30 knee extension. The leg was isometrif
cslly'restrained at the ankle,and a restraiing strap was
placed agross the hipslin an sttempt tO'prevent excessive
movement The 10:50:10 method was used durlng each train-
1ng session. The monopolar an% bipolar e}ectrlcal muscle
stimulation concurrent with isometric exercise:groﬁps‘

diffefed'with eleotrode plate size and placement.
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The statistical analysis used was a two-way MANOVA

.with repeated measures. The Helmert contrast and palr—
wise contrasts were the post-hoc tests used. The MANOVA -
1nteract10n effects were used to 1nd1cate where Slgnlfl—
cant dlfferences occurred.

' Withln the 1im1tations of the study, the following
conclusions appear justified: "
1. Electrlcal muscle stimulatlon concurrent w1$p

+

1sometr1c exer01se was more effective towards

quadr&ceps strength over a control group which d1d no
tralnlpg. ' - T ' N

2 Electrlcal muscle stimulation. concurrent with iso-

/

metrlc exerclse was as effectlve as but no more effectlve
than/lsometr}c exer01se alone, for enhanclng quadrlceps
strehgth. - | - |
éj #The two electrlcal muscle stlmulatlon technlques
,concurrent with 1sometr1C-exer01se produced-s1m11ar” |
effects h |
4 Girth 1ncrements were observed to be 1nd1cat1ve
of the electrical muscle stlmulatlon technlque used
‘ . 5. The electrlcal muscle stlmulatlon concurrent w1th

isomexrlc exercise groups demonst\ited minimal changes in

dynamic strength.

6. Muscular power was affected more by the monopolar,

rather than the bipolar, electrical stimulation technique

" concurrent with isometric exercise..
- *

»

7. Muscular endurance was affectfed more by the

vi



bipolar, rather than the monopolar, élgctrical‘stimula-
tion technique concurrent with igomafric'exefcise.
8.“Cohsidéfing pre-treatmeht valugs and increments
with training, the monopolar electrical stimulation teqp—
nigue‘coﬁcufréﬁt w;th isometric exercise was more effec-
tive for eﬁhdqfing isometric‘strength‘at -15° angi-30°“,
knee extension.

9. Bipolar electrical stimulation concurrent with
isometric exercise was more effective for enﬁancing iso-
metric strength at eHSO and -60° knee extension.

10;~Spec;ficity of tfaining at an angle of —30°‘kn§e
extenéion was observed. |
; Training.with isometric exercise alone, or electri-
cal muécle Stimulation'concurrent with isometric exercise
enhances quadriceps strength. As a consequence of a low
frequency faradi¢ current being used to train healthy, -
‘inﬁérvated quadriceps muscle, significant differences
were ‘lacking to conclusively determine the mofe‘effective

technique of electrical muscle stimulation.

&

vii ' T
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CHAPTER I
STATEMENT OF THE PROBLEM

\,
\\
o

Introduction !

"Theory often follows pracflce. It
is indeed fascinating and intriguing to
discover why thlngs work."

H. Art 'Quinney, Aprll 1980

Thé quofe by H.A. Quinney would serve to exemplify
;the use of electrical muscle sfimﬁlation.inthe rehabili-
"tation of musculoékeietal injuriés.

The concepts of utiliziﬁg electrical\current.in heél;
ing of visceral pathology, or ihduqing a muscle contrac- |
‘ fion by passing an eleCtricél‘curreh{{fh;ough‘it is nof
new (33 54, 60) The earliest documeﬁtedeSe of an elec-
trical charge. applled to the human body for curlng\dlsease
was the shocks of the torpedo, an electrlc flsh used\fer
the treatment of gout, as described by'the Greek physi-
Cién AEtius (54). &

In the intervening centuries from AEtius tb the pre-
seni, technological advanceé have been considefable. with

extensive use of electrical muscle stimulation in the

“
D

tfeatment of denérvated musclé, internal disorders, states
of paralysis, neuropathies, spasticity, and various other
forms of nonrgﬁgculoskeletal pa&bblogy (7,33»54,55). Elec-
trica1>stimulation~of musculoskeietal pathology has been -

concentrated on peripheral nerve injuries, paralysis,



<

muscle re-education and prevention of post-operative throm-

" bosis (7,33,54).

Until recently, those individuals inyolved in the

+

paramedical field of rehabilitation have accepted and uti-
lized without question the techniques, rationale and
methods of»electrical muscle stimulation a@plication set
down decades ago. lately, the era of "scientific inquisi-~
tlon" has perveded the paramedical field, with respect to
'electrical muscle stimulation. Those involved wlth the
treatment,and prevention of injuries to sports participants
have begun to ask questlons and focus their attentlon on
the potentdal beneflts to be accrued from the use of elec-
trical muscle stimulation. The motlvatlng factor is one
of minimizing "down tlme“ due to 1n3ury in an attempt to
return the partlclpant to hls or her sport as soon as pos—
sible, but within the llmlts of safety. /
| The paramedical;field has begun to employ simple de-
ductive 1ogic It has been documented in’ the literature
(33,55) that electrical muscle stlmulatlon, partlcularly
| the faradic waveform. most closely approximates the phys1o—
loglcal responses of a normal voluntary muscle contraction.
Muscular exercisevstrengthens muscle, and increeses the
volume oﬂ tendons and ligaments‘enhancing their tensile -
strength (2) Blood supply to the active muscles, and
removal of waste products ls enhanced (2). .The metabolic
rate'is'lncressed,.as is the demand for oxyéenation and

nutrients (2). Venous and lymphatic return is enhanced, .



_ , \

an&-changes in the enzymatic composition £ muscle occur
(2. : p

4 If there are certain phyéiological effects derived
from musculay eiercise, and if the faradic aveform of
electrigalﬁﬁﬁscle stimulation most closely abproximates
that of a normal voluntary'muscle contraction; it would
seem logical that similar benefits must be acéuifed
through the utlllzatlon of electrlcal muscle stimulation.

If electrlcal/muscle stimulation of denervated and

paralyzed states of muscle can mlnlmlze atrophic changes,
facilitate 01rculatlon. prevent adhesion formation, and en—'v
.hance venous and lymphatic return (50,55,60), then the
effects of electrical mascle‘stlmulatlon-on normal 1nner:
vated muscle might be as'greét. The fact that normal‘in—
‘nervated muscle is characterlzed by different phy51olog1-
: cal properties than is denervated muscle necessitates the
"use of the faradiC’waveform for stimulation, as opposed to
the galvanic waveform for denervated muscle.
) With spreading 1nterest 1nvolv1ng electrical muscle
stlmulatlon, many authors (9 11, 14 15, 22,61,63) have ap-
plied the farad}c waveform to traumatlzed 301nts_and their
surrounding musculature. Several studies (9,11,15) have
focused Bn the response of various post-operative knee
pathologies to electrical muscle stlmulatlon as measured in
terms of muscular enzymatlc changes, strength retention,
guscularratrophy;-and length of overall'rehabilitat;on.

Generally, the degreé of success has varied but has been



favorable towards minimization of strength and girth loss
in muscle. Definitive comparison of all documented etudies
is difficult as a result of extraneous'vgriables in patho-
logy and management, and the lack of standardizatioﬁ of
technique. ’

| Until such-time as'COntrolled research involving
standardization of techniques, aﬁplicatien, and resultant
effeets of‘faradic”stimulation is documented, use of the
faradic curreﬁt Way waste valuable rehabilitation time for :
both the injured‘athlete and the therapist. Although’ the
altruism 'Only'Godvandiiime can heal.' pervadee rehabili-
tatlon of musculoskeletal trauma, theraplsts are morally

obllged to do everythlng within their power to optimize

the conditions for healing.

The Problem

Past studies (9,11;15,28,61) have reported the bene-
f%%s of electrical muscle stimulationvin the rehabilita-
tien of skeletal muscle, whether postfoberative or post-
trauma. If documentetionlof method or technique is given,
the vafiations become obvious. As a direct consequence of
these diverse techniques, comparison of study results is
virtually impossible. Additionally, ispmetric exercise,
whlch has been the forerunner and conventional form of
exer01se therapy, 1s being pushed aside without adequate
‘evidence to suggest its lack of effectiveness.

Thus, the problem under investigation was three-fold.



1. To investigate and comﬁare the two propésed treat-
ment programs of electrical musClé stimulation congurrent’
with isometric exercise, and a program 6f isometric exer-
cise alone;

2. To investigate and compare monopolar and bipolar
techniques of electrical muscle stimulation.

3. To investiéate changes in specified physiological
parameters at a variety of joiht angles following a treat-

ment regime of training at one specified angle.

Significance of the Study

Owing to its anatomic charécteristics. vulnerable
. position, necessity of unimpeded mobility and inability to
‘be adequately p?otected by equipment, and the many
étreé%es often placed uﬁon it, the knee is a frequently in-
jured“joint. The axiom that 'a joint is onl& as good as
itsASurrounding musculatufe' is especially relevant for
the khée joint where particular concern is given to the
quadriceps musCle.group”because of ifs strong protective
quality. |
After injury, the knee joint may reach a state of
complete repair of éli its structural ¢omponents. How-
ever, if the quadriceps and other mﬁsculature.reséonsfble
for controlling the knee joint have been néglected, which
may cause atrophy and lack of tonibity,'thé knee joint re-

mains sub-normal with respect to adequate function.

Greater concern in rehabilitation must be focused on



the muscular development surrounding the knee joint. This
point is of major concern when dealing with an injured
athlete, who is anxous to'return to active partipip;tion
as soon as possible. Wown tiﬁe" resulting from injury
. becomes a ﬁrominent factor of concern in the rehabilita- -
tiqn'process. |

Until recently, the sole means of regaining lost
muscle strength and integrity post—injury with or without
surgical intervention and immobilization utilized iso-
metric fxercise. Rehabilitation normally required 6 to 8
‘weeks before the injured tissues had reached the stage
whereby progressive resistance exercises (PRE)(could be
started with no detrimental effects to the patello-femoral
articulation. The aim of any musculoskeletal rehabilita-
tion‘program'is progreséion to the stage of PRE as soon as
possible, but safely. | | '

| Several autﬁors’(ll,ls,Zl) have suggested that uti-

lization of faradic muscle stimulation given during rehabi-
litation would progress the injured athlete to the stage
~of PRE in less time than the conventional 6 to 8 weeks.
Although levels of success vary with the studies cited and
cross-comparisons are unrealistic ag the result of the con-
siderable variations*in\jggg?iques employed, the fact that
rehabilitation time was reduéedfngindeed of clinical im-
portance. ’

It should be re-iterated that although the abfiity

to heal is not humanly possible, the potential to optimize



the conditions for healing is within the therapists' field.
The question arises as to whether therapists are in fact
following the concept of optimization when they insist on
utilizing untried and untested techniques of electrical
muscle stimulation.

Members of the medical and paramedical fields recog-
nize the absence of‘standardization of electrical muscle
'stimulation techniques but continue to overlook this pit-
fall. For example, Godfrey et al. (15) stated:

"... The next step would appear to be a study
examlnlng whether a combination of isometric
exercise plus tetanizing stimulation would
lead to greater strength increase in the
quadriceps muscle, following weakness caused
by trauma or surgery."

Godfrey et al. (15) were premature in their conclua -

)
sions. A great many variables are uncontrollable,when

perfofmlng ‘research-on- traumatxzed‘skeletal muscle, such
as the severity of the injury or nature of the surgery.
The study performed by Johnson et al. (22) set the
justificatidn for the present study.
"... The effects of electrical stimulation on
muscle tissue have been recognized -for more
than a century..., little is known about the
standardization or efficiency of technique."”
When controlled research concerning teéhniques of
electrical muscle stimulation and the subsequent effects
on nofﬁal healthy innervated muscle where fewer variables

exist is cbmpleted, optimization of the conditions for

healing can be maximized.



Delimitations

1. All subjects were male student volunteers, between
18 to 35 years"of age.

2. The right lower limb was tested and treated for
all subjects in all groups.

3. None of the subjgcts who participated in the study
had a significant history of lower 1limb pathology. '

4. The study involved daily treatment sessions, five
days each week for a duration of six weeks: -

5. The rectangular waveform was utilized for all sub-
jects in the monopolar and bipolar stimulation groups, for

every treatment session.

Limitations
' 1. The subject's constraint of "normal daily living"
was beyond the control gf the investigation.

2. The concept of performance of a maximal isometric
effort was individualiy pefceiv%d. Each subject may have
had their own psychological and phySiélogical convictions.

3. The extraneous variables of psychological_tension;
diet, and sleep which could have influenced the health of
tissues and muscular strength were not controlled.

lh. The psychological frame of ﬁind that the subject
adopted during the testing and treatment séssions as re-
lated to pain tolerance of electrical muscle stimulation,
and to the concept and output. of maximal voluntary coﬁ-
' | Sy

traction was uncontrolled. 4 )

LY



5. The intensity of the electrical muscle stimula-

tion current was subjectively determined by the subject's

\ N
individual tolerance, in each treatment session.

6. The results of the investigation shall be extra-
polated as to the possible ramifications for use on injured

muscle.

Definition of Terms

1. Low Frequency Current: A current characterized by

a voltage or tension that is constantly changing and is
quite low, effecting a sudden change of fon&c cohcentra—
tion in the tissues affected, a stimulation effect of motor
and sensofy nerves, a rate of oscillation or frequency be-
low 1,000 cyclesvpgr second (cps), a capability to cause a

tetanic muscular contraction, and applied topically (54).

2. Electrical Muscle Stimulation (EMS): An artifi-
cial stimulation of a muscle or motor nerve effecting a
minimum twitch,»produced by the passage df an electrical
current applied toﬁically over the nerve plexus, nervé"‘
trunk, motor point, or muscle belly, and causing a con- R

traction of the muscle adequately stimulated (55;60)F

3. Faradism (F): A form of electrical sfimulation,
consisting of a répﬁd rise and fall of unidirectional cur-
rent impulses, characterized by a rectangular, square, Say-
tooth.’trapezoidal, 6r triangular wavefofm, a frequency of
50 to 100 cps, pulsed or non-pulsed, and curreﬁt pulse

widths of 1.0 to 2.0 millisecodnds (msec). The current is
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capable of inducing tetany in a skeletal muscle (s54,60) .
b. 10150110 Notation refers to a 10-second "maxi-

mal" isqmetric musclle contraction concurrent with faradic

current maximal intensity for a subject, followed by a

s50-gecond\ rest interval. The routine fs repeated until

ten co utive contractions have been performed (27).
5. Electrode Plgtes A plate containing an alloy of

zinc, lead and aluminum, varies in size, is malleable, and
‘has a plastic-ehcased connecting lead attached to it (s,
55) .

6. Active Electrode Plates A plate referred to as

the cathode or negative terminal, placed distal to the
anode, and placed over the motor point or muscle belly of
the muscle being stimulated (33,60,66).

7. Dispersive Electrode Plate: A plate referred to

as the anode or positive terminal, placed proximal to the
cathode, and placed over the nerve mlexus, nerve trunk,
area of little subcutaneous tissue, or muscle belly of

the muscle being stimulated (33,60,66).

8. Monopolar Technigue: A tecﬁnique characterized by

electrode plates of unequal size. The smaller aétive
electrode is placed distally over tﬁe motor point of the
muscle. The largef dispersive electrode is placed proxi-
mally over»thevappropriate nerve trunk, nerve plexus, or ;
area of little muscle tissuef The technique has the abi-.

lity to stimulate more muscles and deeper muscles (55,60,

66) .



"9. @ipolar TechniouexrA technique characterized by

| electrode plates of equal size, placed over the muscle
'.belly,’or functlonally(related muscle group. The active
’ electrode is placed dlstal tb the dlsperslve electrode |
The technlque has the ablllty to stlmulate throughout the :
<ourse of_a,muscle with an even,dlstrlbutlon of-cgrrent,
and will affeot superflciel muscles"onlyA(33,35).

o



CHAPTER II |
REVIEW OF LITERATURE

Introduction

A multitude of publications describing electrical
muscle stimulation-research is available in North America.
Many of these~existing publications'have focused on dener-
vated human muscle, animal muscle tlssue. or?h1stochemlcal
and biochemical tissue studies. Practical data investi-
gating the effects of EMS on normal innervated muscle is
scant.

To date, studies on EMS are often reported in a Vague
_manner, causing replication and cross-comparison of the
results to be prevented For example, some studles utl-
11zed static exer:}se whereas other studies utilized dyna-
mic exercise. Results from studies utlllzlng healthy and
dlseased muscle have been compared. Thus, comparlson of
quantitative measurements in the llterature to date be-
comes dlfflcult )

However, EMS is still belng utlllzed throughout

varlous stages of rehabllltatlon to supplement establlshed

programs of static and dynamlc exercise."

Techniques of Electrical Muscle Stimulation
.The literature contains a variety of techniQues{and
methods of electrical stimulatien with minimal consistency

and rationale. Thus, comparison of studies is difficult

12
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f

and any conclusive’statements must be accepted with cau-
tion.; " ' | , ®

Bouman and Shaffer (b) dlscuss1ng the physiological
characteristics of denervated human muscle also 1ncluded
methods of electrode'application._ Skin resistance was
minimized and impedance to current flow reduced if the area
to be stimulated\was clean and warm. Electrodes could be
applied using the’ monopolar method whereby the smaller
active - electrode was placed over the motpr point and the
larger dlspers1ve electrode placed elsewhere, proximally
The blpolar method utlllzed equal 51zed electrodes applled
‘to include the entlre length of the muscle belly. Blpolar
technique gave a local dlstrlbutlon of current and w1th1n
certain 11m1ts did not spread to other muscle groups.
“Mllner and Quanbury (B1) stated that for monopolar stlmu—
lation of 1nneryated muscle, motor points w1ll vary
slightly with 1nd1v1duals, but. the relatlve position fol-
lowed a reasomably fixed pattern.- The current must meet
three conditions in order to stlmulate an ex01table tlssue

‘a) The current must be of sufflclent 1ntens1ty

b) The current;must be" of sufflclent tlme duration.

c) The current must reach maximum 1ntens1ty with an

adequate speed of rise.
| | (4)

If a muscle»is stimulated through its nerve, a slight

increase in current will give a_ marked increase in muscle

contractlon. If. the muscle is stlmulated directly, an in-

crease in contraction strength from an increase in current
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intensity will be much less marked because the muscle pos-
sesses an increased excitation range. Bouman and Shaffer
also stated that it was possible to increase muscle contrac-
tion strength if a human muscle was loaded maximally such
that all muscle fibres are contraéting and the stimulation
current impulse rate was as high as could be toleratedm

Kramer (34) stated that the. Russian technique was
difficult to inteppret‘as a consequeﬁce~of incomplete técﬁ—
nique and current description. Russian technique aé des-
cribed by Kots is thought to use a surging current and’the =
format of iO—seconds of stimulation followed by a SO-second
rest interval, repeated ten times. Strength gains overall
wére similar whgther the treatments were ézﬁried out on
alternate'days or on five consecutive days'fEIIOWed'by two
days of reSt. The key factors were stated as being the
total number of stimulation_treatmenté4 and an adequate -
rest periodbgpllowing each treatment. Optihal strength
gains occurred with 20 to 25 treatments and were reported
~ to be increménts of 30% to QO%.

Garrett et al. (13), 1980, used a machine of variable
voltage with a frequency of 50 pulses per second to stﬁdy
the‘effectsLQf EMS on quadficeps strength. Within each

pulse was a sinusoidal waveform of high frequency. The

EMS group and the exercise group were’trained according"j\\\”

-5

to an established protocol daily, five days per week, for
a duration of five weeks. There was no indication of the

protocol. All groups were strength tested on a weekly
T v

Ny
'3
Fn



15

basis. ' | C o .

- Kots (27) described the rationale behind the 10:50:10.
routine which is presently used in ﬁany varied“fﬁfﬁé. Kots
stated that EMS was useful in the treatment of soft tissue
and hard tissue 1nJur1es, to 1ncrease strength of healthy
muscles,vto produce better results thanrtraditional.e;éf—.
cise routines alone, and to isoiate particular muscles for
individual‘sports activity. The current must be strong
enough to give a maximv; éontraction of the ﬁuscle stimu-
lated and the current must produce a low pa1n 1ntens1ty or
no pain, 1f the current is to be effectlve.

Two types of electrlcal stlmulatlon methods exist.
Bipolar or direct stimulation involvés placing one elec-
trode at either end of the muscle. Bipolar stimulation
primari;y affects t?e'superficial muscles.' Monopolar or
indirect stimulation consists of plaéing one electrode on
~the muscle to be stimulated; and thé remaiﬁing electrode-
over the éppropriate nérve‘rOOt. -Monopolar«sfimulétion
affects not only the superficial muscles, but also the
deeper muscles ‘supplied by the nerve.

~According to Kots, the maximum contraétion-of a
muscle in a sample group of atﬁletes lasts 10 to 15
'seéonds, and ag a result bf this the actual stimulation is
10 seconds. If there is no‘ﬁaximal contraction, it is h
pointless to use EMS. Using a 10-second contraction, Kots
investigated various rest periods of 10, 20, 30, 40 and 50

~‘seéonds between the stimulations. For the intervals of 40

o
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and 50 seconds, the amplltude of contractlon from the
second cycle ﬁdld ngk differ from the first cycle, as hap-
pened with rest intervals of 10, 20 and 30 seconds. Kots
then cohpared a 10-second stimulation with rest intervals
of boband 50 seconds over tsn contractions. Resuits showed
that if the rest inteoﬁals were 50 seconds, tﬁe amplitude
of the tenth contraction matched the amplituds of the first
contraction. Thus, in order to achieve ten maximal EMS
contractions, the 50—second rest interval was used.

If the rest intervals were 40 seconds, the last few
contractions were of a lower amplltude than the first con-
traction. According to Kots, the attempt is being made to
increase the CNS capécity by opening more patgways to the
muscle by osing EMS.V The'increase in pathwéys was found
to be profortional to increasing the stimulation to opti-
mum intensity. The major increase in the CNS is recruit-
ment of nerve pathways in the'beripheral systsm.

Kots found that gains in muscular strength were cor-
related to the number of treatments of the 10:50:10 rou-
- tine. The author advocated daily‘treétments, five days
each week, for a duration of seven weeks. A 15% to 20%
increase in muscle Strengfh wag found after ten treatments,
and increased to 30% to ho% after twenty treatments. .

The results of EMS glven on. alternate ‘days were
‘similar_to the results of EMS given daily, prov1ded the
same number of stimulations was given. The retention'of

muscle strength was maintainedfat approximately 90% of
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the maximum for ten months after the stimulation sessions.
‘ Kots noted an increase in the enaurance capacity of
the muscle after seven weeks of stimulations given daily, -
five days each week. Kots explained the fesult was due to>
an improved circulatory flow to the stimulated muscle.

‘jg; The maximum increase in velocity of the stimulated
muscle occurred after 10 to 15 stimulation sessions;
- Torque during a voluntary contraction was»aiproximately
30% less than fhat of an eléctrically‘stimulated contrac-
‘fion. For a single muscle, the torque may be 10% to'15%
less for a voluntary contraction than for the electfiqally
induced contractions. | |

Summarizing'the findingé of Kots, the most viable
rdutine is a 10-second contraction followed by a 50-
second rest period, for ten consecutive contractions '
(10:50:10). Déily sessioné five days each week yielded
the best results. Maximal gains for velocity opcurred‘
after 10 to 15 treatﬁent sessions. Maximal gains fo%
strength occurréd after 20 to‘25 treatment sessions, and
maximal gainsrin the énduranée capacity of a muscle oc- |
curred after thirty-five treatment sessions.  °
Siemen's Electromedical Company (66) promoted mono-

polar and bipolar techniques. Monopolar stimuiation was .
described as using two'gieétrodes‘of‘different sizes} fre-
quently a 2:1 ratio. yhe smaller'éétive electrode should

/ ’ : . .
be placed over the moybr point of the muscle or nerve, and

/ . .
the larger dispersivg’electrode should be applied some
/

/

/
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4

distanée from the‘stimulafibn site. The bipolar technique
uses electrode plates of the same size applied directly
over the muscle belly or functionally related muscle group.
The muscle ié pérméated with current throughout the whole
length. Tﬁe cathode is the distally placed electrode. As
a rgsult of fhe lower curren? density under the equally
sized electrode plates, the, treatment caused minimal sen-
sory and cutaneous discomfort. The current is able to be
-concentrated at the desired area of applicaﬁion. Daily
treatment sessibns were found to give the best results:
(66). Electrode plafes should . be placed on top of sponge
padé soaked in tap water. Rubber straps are used to re-
tain the electrode piates and sponge pads in place to en-

sure firm contact for current conduction.

_ Curwin et al. (9) used a medium frequency current

which delivered_puﬂses of 10 msec duration, eVeryVZO msec
" and at a frequanc§ of 50 cps. The aﬁthors ﬁofed that bi-
‘polar stimulation of the quadripepé.resulted in stimula-
tion of the superficial muscles, whereas monopolar stimu-
lation using the motor point of vastus medialis caused
‘sfimﬁlationvbf'the deep;r gquadriceps. The 10:50:10 rou-
tine given daily, five days‘per week for six weeks was fol-
lowed for patiehts who had undergone anterior cruciate re-
construction. Muscle biopsies taken ét\regular intervals
provided an aﬁalysis of enzyme actiyity. The medium fre-

quency electrical stimulation caused a high degree of pain

~frelated to intensity of muscle contraction, and pre#ented;
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maximal output by the patient. Thus, the maximal contrac-
tion resulting from the stimulation was lessgthan‘a maxi-
mal voluntary contraction, yet the results were’'still of
importance. Complete details concerning‘tﬁe methodology
were lacking. |

Eriksson and Haggmark (12) in 19%9 ueed one group
which consisted Qf patients who had anterior cruciate
ligamenf }epair followed by the 'standard plaster cast;and
isometric exercise, and a second group whicﬁ'bonsisted of
patients with similar pathology followed by the standard
glaster cast, eleFtrical muscie'stimulatien and isomefric
exercise. A cast window for eleetrical"stimulation was
cut over the distal aspect of the quadriceps muscle, and
the anode was blaced over the.femoral nerve. Electrode
plate size was not sPeeifieé, ner wae the typg.of current. .
The'only detail given was fhat the frequency of current |
was 200 cps. Sfimulation was of sufficient intensity to-
cause a tetanic quadriceps.contraction. The EMS routine -
_consisted of a 5 to 6 second contraction folloﬁed by a
5;eecond rest for a duration of one hour. .Treatments were
given daily, five‘days each week, for four weeks. Mﬁscle
biopsies were Qaken.prior to and one week after surgery,
and at the time of cast removal.

- The fechnique-used by Hartsell (21), involved the
lower 1imb of one subject immobilized in a‘lbng eylinderA
cast. The lower limb was free of pathology. The cast |

. window was cut over the motor point of vastus medialis for



\

20

the active electrode plate (6 cm x 8 cm). The dispersive
electrode plate (6 cm x 8 cm) was placed over the femoral
nerve in the femoral triaﬁglef Sponge\pads (7 cm x 9 cm)
were soaked in ordinary tap water. The 10:50:10 routine
was administered daily, five da&éveach week for a duration
of four weeks, twenty stimulation sessiohs in total. The
Neuroton 627 was the machine used to deliver the square

wéve, 2.0 msec duration pulse, 65 cps and 60 mA. Measure-

ments of muscle power, endurance, dynamic strength and iso-

‘metric strength were recordeq on the Cybex II isokinetic

machine. Girth measurements were recorded over the belly

of vastus medialis (located as 77.5% of the distance from
anterior superior iliac“spine to medial joint lino), 10 cm
pfoximal and 20 cm proximal to the belly of vastus medialis.

- Currier et al. (8) studied healthy volunteers. The

oontrol group consisted of fourteen females, the isometric
exercise only group consisted of seven females and four
malés, and the electrical stimulation group concurrent
with isomotric exercise consthed of ten females and two.
males. Training was completed daily, five days each week
for two weeks} for‘a total of ten s;ssions. Isometric
exercise consisted of a 6- second contractlon followed by
a 10-second rest period repeated six tlmes. Electrical

stimulation consisted of a rectangular pulse width, and

intensity was maximally determined by each subJect. The

\Qathode (7.6 cm x 12.2 cm) was placed over the femoral

nerve and the anode (7.6 cm x 12.2 cm) was placed distally
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over the quadriceps femog&z. The exercise technique for
EMS duplicated that of the isometric exercise group. The
authors' description of electrode blacement contradicts the
literature to date (9,21.23,63,66) as does the stimulation
format (9,21,23,66) and may explain the lack of success by
the authors. Both of Currier's treatment groups coﬁpleted
-exercise on the Cybex II isokinetic machine with the lower
limb at -60° knee extension. No rationale for the position
of the lower limb was given. Pre and post-test measure-
ments consisted of torque, and time-to-peak tension during
one 6-second maximal isometric contraction. Of .interest
was the fact that five subjects de&elofed either knee or
back pain which was thought to have prevented maximal
effort. ‘ |

Godfrey et al. (15) assignéd subjects w;th post-
sﬁrgical or post-traumatic lower limb injuries to a group
which consisted of isometric quadriceps exercise at 75% of
the subject's maximal value, or to a group which received
electro-stimulation. The isometric training group followed
the 10:50:10 routine, in ‘a seated position on a qugdriceps
table. The EMS group followed the 10:50:10 routine and
was stimulated by fast repetitive tetanizing pulses at 60
cps. The active électrode was placed over the vastus
- medialis and the dispersive electrode was placed on the‘
middle third of the anterior thigh. Treatment for all
subjects was given daily.’ After three weeks, circumference

“

measurements of the thigh taken 10 cm and 20 cm superior to
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the adduc‘tor tubercle on a line with the anterior superior
iliac spine, daily range of motion measurements, and maxi-
mum torque exerted by the quadriceps were recorded for pre
and post-test measurements. Monopolar or bipolar'technique
was not specified, nor was electrode plate size.
Throughout the studies completed by Wise (63), a
standard faradic unit delivering 50 cps and capable of
producing a tetanié contraction was used. The Russian
10:50:10 routine was used and electrode placement was
generally over the motor point of the muscle being stimu-
lated and the appropriate nerve root. Current intensity
bordered on intolerance to faciritage successful gains in
muscle strength. Wise did not descfibe electrode plate
size, position of the extremity during training, frequency
of sessions, or the total duration of treatments\priorbto
discharge or end of the training program. Wise inferred
‘that a major factor influencing the results was that of
using subjects considered to be above normal in muscle
strength prior to the study (intervafsity wrestlers and
basketball players) . , ‘
Johnson et al. (23) in'l977 used the Neuroton 627 for

faradic stimulation on patients with patello-femoral chon-

severe and

dromalacia (P-FC). Fifty patients divided into
mild P-FC groups completed a 6-week program of #he 16:50:10
routine given every second day. The machine delivered a

pulse width of 0.1 to 2.0 msec, frequency of 65 cps and a .

square waveform. The active electrode (5 cm x 7.5 cm) was



placed distally over vastus medialis and the dispersive
electfode (7.5 cm x 12.5 cm) was placed proximally over the
femoral nerve. The knee was blbcked in”-5° knee extension
and a restraining strap wdas placed across the ankle. _The
subject was in a long-sitting position. Pre and post-test
measurements consisted of thigh girth measured ? cm and

15 cm above the patella, and isometric. strength measure-
ments ét -90° knee extension. No indicatioq of a volun-
tary isometric quadriceps contraétion concurrent with the
EMS 'was given. Patients who had the shortest interval be-
tween treatments and éhe highest tolerated,amperage demon-
strated the be'st results. The greater the atrophy, the
more effective the technique. Johnson et al. (23) sug-
gested the result was a natural 1imit to the benefit
capable of being deriye& from the technique.

Kots (25,26) in 1996, trained the biceps of one.arm
and the calf muscle groups of both legs of suho—wresflers.
The "TU—l" unit, delivefing right angle pulses at 50 cps
and 1.0 msec duration was used. Square electrode Plates
(4 cm x 4 cm) were placed on both sidés of the huscle
beilyvbeing stimulatéq. Measurements of maximum arbitrary
power, firmness of muécle'gontraction,vand extremity cir-,
cumference were taken. Subjects were treated daily for an
average of fourteen treatment sessions. Current intensity
was subjectively maximal. Results indicated that the
- .

right-angle impulses of 1.0 msec duration‘given at 50 cps

developed the highest possible tetanic contraction of the

-
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muscle fibres. Kots stated that stimulation of 100 seconds
in total per treatment, given dail§ or every second day re-
sulted in a significant inorease in muscle power. Informa-
tion regarding technique, frequency and actual routine for
fraining was not available.

Williams and Street (61) used the old Smart-Bristow
faradic coil to stimulate ten males and ten females who had
undergone surgery for various knee pathologies. Subjects
were placed in a long-sitting position with a block placed
on the posterior thigh. Active electrodes were placed
over the motor po;nt of vastus medialis and two-thirds of
the way down tﬁe anterior thigh. Two separate circuits
were us;é. Daily treatments lasted twenty minutes and
consisted of ten isometric quadriceps contractions with
the EMS current followed by ten contractions induced only
by the stimulation current. Definitive technique and des-
criptive methodology were lacking.

Hamilton (20) had all groups train three times per
week for é.duration of four weeks. The isometrically
trained group performed three sets, maintaining six repe-
titiong maximum (RM) for 1S$-second contractions. The iso-
tonic group performed three sets at six RM. . The electrodes
for the EMS group were placed over the origin and belly .of
the biceps muscle. éurrent intensity bordered on intole-
rance, was administered with the arm in -90° elbow exten-
sion, and was given concurrent with an isometric muscle

contraction. * A 15-second work/rest interval was used for



.
a
¥ Lo

ten fepetitions: _ |
Milner’and Quaﬁbury (41) in 1969 studied force, pain

and electrode size in electribal Stimula?iQn of paralyzed

lbwef/limb muscles. Qsiﬁg cathode plates of 2.5, 5, 10

and 20 Squéfe cm appiiedvoveruthe motor point of the

muscle; @nd”a 30.5 cm square anode electrode placed proxi-

maily//;timulation was‘administeréd to eleven subjects.

ResuITs showed‘that eleqtrode plate size was dependent on

the area to be stimulated\and‘the‘infensity of currenf

density able to be toleréted by the subject. ’

B Massey etsal. (39),_1965,‘compared the effects of

~four methods of training on the muscle stfength, girth,

and grip strength of the’uppér limb.. "All grbups trained

_three days per week, for a duration of nine weeks. |

| The EMS grdﬁp rgéeived one 10-second maximal coptrac—”

tion (subjectively determined). The current was charac—‘

‘terized by}a frequenc& of_lOéO cps,’intérmittent-DfC. with

a’squafe'wave and a ?isertime of 5vmicroseconds. The éﬁode»

(23§cm.x 23;cm) was placed on the trunk and the cathode |

(7.5 cm X 7;5 cm)»was placed over selected muscle groups.'

The progressive'weight—training group used dumbells of suf-

figient weighf ﬁo allow them to perform two.repetitions for

each\exerc}se, which increased to eight repetitions for the

remaining four weeks. The static exercise grcﬁbvexecuﬁéd

'eight exercises whereby one lO;sergd maximai contraction

‘was performed.{ Thevlight recreafioﬁél activity group par-

ticipated in volleyball and swimming.



Strength measurements, grip siréngfh, and girth mea-
s;rements were taken prior’to, after the fourth week, and
at the conclusion of the study.- | _

The fechniquerusedqby Millard (40) was unsubstan-
tiated. One grioup pefformed static non-weight bearing
quadricéps exercises. A second group perfofmed active
flexion and extension exercises with parfialLWeight bear-
ing; A third group pérfofmed strenuous exercises. Sub-
jects that received‘faradié stimulafﬁpn had the knee -
flexedaand blpcked iﬁ —50 to -10° kneé‘éxtension. Cur-

rent iﬁtensity was sufficient tb)only raise the heel off

the plinth. Current was-a 1.0 msec pulse, square wave-

form, delivered at 50 cps at a rate of 30 -times per minute.

-

Electrode plates (7.5 cm X 7.5 cm) were placed at right-
angles to thé muscle fiﬁres.' Vastus laﬁéfalis, vastué
medialis and rectus femoris were individually stimulated
for ten minutes duration. The results were statisticélly
non-éignificant and couid be attributed to the treatment

o

program used.

Studies and Uses of Electrical Muscle Stimulation

P Kramer (34)vin 1980 reviewed the Ri'ssian theorieg of
muscle stimulation. Although muscle stimulation may be a
.valuable. adjunct for rehabilitation, the general philo-
éophy that, voluntary exercise is of greater benefit for -

restoring muscle strength remains upheld. Previous bana-

dian studies that attempted %o replicatg Russian theories!
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and results failed to demonstrate significant increments
with the use of electrical muscle stimulation as opposed
to voluntary exercise for two reasons (9):
1) The stlmulus must be of a suff1c1ent inten-
sity in order to produce a maximal or near
maximal contraction of all the muscle fibres
at a tetanus frequency. -
ii) Pain must be minimal and since the low fre-
quency faradic stimulation uses frequencies
- which are below those thought to maximally
activate all motor unlts. espe01a11y the
large motor units, increases in 1nten81ty
to actlvate more fibres increase pain.
It was theorized that the Russians utilized a medium fre-
quency current of sufficient intensity to activate all
available motor units at a maximal tetanic frequency, but
were able to minimize sehsory discomfort at the same time.

‘The key factor claimed by Kots (27) was that the

Russians were able to activate all available large and
small motor units. Thus, it would be feasible to obtain
electrical stimulation assisted contractions which pro-
duced 10% to 30% greater isometric tension than maximal
voluntary contractions.

Kramer concluded that previous studies fepbrted have
involved the use of electrical muscle stimulati@h‘in the
treatment of post-surgical knees, but that comparisdnslof :
studies were difficult as a consgﬁuence of different treat-
ment techniques used, different current forms used, énd
different populations being treated with novcontrols.

Gérfett ét al. (13), 1980, attempted to determine if

a specified type of ENMS alone was capable of developing a
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significant iﬁcreaSe‘in strengﬁp of normal quadriceps
muscle. After five weeks of(training, significant dif-
ferences (p<.05) were found betﬁeen the control group
(N=10), the isometric strength group (N=10), and the ENS
group (N=10). A significant difference (p=.005) was found
between the confrol and EMS groups; Also, a significant
differencer(ps.0025) was noted between the control and
exercise-groups. No difference wae fouﬁd to exist between
the EMS and exercise groups. The authors concluded that
the EMS did produce a strengthenlng of the quadriceps
muscle. Thus, using EMS was better than not using any-
thing, but had no greater effect.than isometric exercise.

Godfrey et al. (15) in 1979, reported on the effec-
tiveness of using fasf repetitive tetanizing'pulses to in-

crease muscle strength Ut111z1ng post-surgical and post-

traumatlc patlents (N=35), a comparlson of ﬂ:'ﬁ-ffects of
isometric quadrlceps exercise and electrostlmﬁiation on
quadriceps strength was made. A significant improvement

of both groups was observed, butha_greateryimprovemeht in
isokinetic quadriceps strength was noted in the group which
received electrostimulation (p=<.05). The authors concluded
that although an increase in isokinetic muscle strength -
was found to occur with active isomefrie,.isotonic, or
isokinetic exercise,:the use of tetanizing electrical
stimulation (faradic curreﬂt) was a more‘effeetive method

of increasing or improving muscle strength.

The increased quadriceps strength with electro-
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stimulation was not associated with the standard increase
in bulk,produCed by other forms of exercise. Godfrey et

o al. (15) further stated that the implicafions for treat-

| ment with electrostimulétion versus voluntary contraction

i-werevsignificant cliniéally; and the useé of electrical
stimulation could avoid a delay of patients who found it
in;tially difficult in the rehabilitation to maintain a
full voluntary coﬂtréction. Tht final and mdst relevant
concluding Statempnt was, "The»néxt step wou&d appear to
be a study examining whether a combination of isometric
.exercises plué tetanizing stimulation would lead to
greater strength increase in the quadriceps muscle foilow—
ing weakness caused by trauma or surgery" (15).

Currier et al. (8) compared programs of electrical
muscle stimulation concurrent'with a maximal isometric
contraction and maximal isometric contractions alone. The
authorsg' resuits showed a strength increase of 19% for the

- isometric exercise group (N=11), and an increase in
strength of 21% for the electrical stimulation group
(N=12). The results were statistically signifficant
(p<.05). No significant change in the controi group oc-
‘curred. Currier et al. f8) concluded that electrical sti-
mulation given concurrently with isomeﬁric exercise in-
creased muscle strength over the control grbup}but didinot
benefit the subjects nor provide greater enhancement of
muscular strength more than conventional static exércise.

N
The authors accounted for the results by stating that in

fF
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tﬁe past more beneficial‘resgltsvmay have occﬁrred using
electrical stimulation with ispmetric exercise because
earlier studies often utilized patiehts with lower limb
pathology. Atrophic.muscle is generally considered to be
morevrespoﬁsible to this form or any form of rehabilifa—
tibn\tﬁan is normal healthy ﬁuscle. Currier et al.‘(8)
also stated that the work ﬁﬂtensity (6 seconds) followed
by a short fest period (10 seconds) wasia vigorbué rou-
tine, but may have prevented majimaiﬂeffbrt from some sub-
Jjects as a résult of pain, cauéed by muséular discomfort
from contraction, skin sensory discomfort, or being unac-
customed to the aqt%vity.

) Eriksson and Haggmark (12) studied quadriceps
strength and énzyme'levels following electrical stimdla—
tion givenﬂduring a period of immobilization following' |
.surgeryvfor anterior cruciate ligament reconstruction
(N=8). Although the sampie.consisted of only eight sub-
jects, results showed that subjects who received the stan-
dard plaster castd, isometfgénquadriceps exercises and
‘eledtricalﬁstimulag%on'demonstrated less muscuiarvatrophy
and‘better muscle function than the éubjects who performed
conventional static quadriceps e;ercises in the standard

‘ plaster cast. A comparison of the succinate dehydrogenase
,(SDH),activity level calculated from muscle biopsies taken
pre-operatively, one week;after surgery, and five weeks
after surgery when the ¢ast was removed, revealed a

statistically significant (p<.05) increase in the SDH



activity level fbr the‘electrical stimulation group as
compared to'the isometric group, when an amalysis of the
Pre-operative and caSt—removal data of SDH levels was made.
The authors concluded that'since‘SDH activity is well cor-
related with the ability of the muscle to perform daily
work and engage in sports, electrical stimulation was more
effective than conventional static exerciee in the rehabi-
litation of the injured athlete. The athiete in the elec-
trical muscle stimuiation group demonstrated less muscular
atropﬁy and better muscle function than the static exer-
cise group. ! ‘

‘Gosling (17) in 1979,. concerned about the ioss of
quadriceps muscle'integrity and patellar mobility as a
consequence of immobilization and»surgery, studied the
effects of electromyographic (EMG) feedback of}the quad-
riceps during immobilization of all patientei Observa-
tions suggested thatuupon cast removal after a program of
in-cast stimulation, static quadriceps exer01ses and
straight leg raises could be performed 1mmed1ately The
technique resulted in an increased range of motion, de-
creased.pain, and a reduotion in the length of time neces-
sary to regain normal function of the extremity. This
method was used primarily as a meanS»of feedback for
muscle re—eduoation,or function and was only-to the level
of patient disoomfort. ‘ |

Curwin et al. (9) studied the clinical applications

and biochemical effects of high frequency stimulation,
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and the déterioration of muscle during immobilization which
was shown to delay a return to activity; Subjects (N=un- ,
known) having undérgone anterior cruciate ligament repair,
followed by standard immebilization, were placed in éither
the standard sfatic isometriciexercise group or the group
which received electrical stimulation concurrent with stan-
.dard static isometric qu;driceps exercise. Analysis 6f
muscle biopsies re?éaled no statistically'Sigﬁificant dif-
ferences in glycogen concentration getween the two groups
of subjects. ‘HoweVer, the authors suggested that the re-
éult may have been due to other factors, stch as diet,

which may have affectéd glycogen concentrations, but were
not controlled. Results showed that the adenosine tri-
phosphate (ATPase) act1V1ty for subaects in the electrical .
stimulation group 1ncreased over time, but a decreased
ATPase activity was observed for the control group. The
-authors concludéd that use of the high frequency stimula~-
tor prevented some of the deteriorating biochemical

changes which occur in immobilized muscle.

Hartsell (21) in 1979 studied the effects of elec-
trical muscle stimulation on quadriceps muscle strength,
applied during plaster iﬁmobilization of a normal healthy
lower limb for four weeks. The lower limb was casted in
-10° knee extension. Even though a single—;ubject case
- study, meaningful results were obtained as subject com-

pliance with procedural format was controlled. Comparison

of pre and post-cast girth measurements revealed no

.
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atrophic changes in vastus medialis, the focal point of the
EMS. Muscle function was good, and immediately post-cast
there were no signs bfvreflex inhibition. A mild loss
(—109) of acti&e range of mbtion was observed. Commonly,
‘post—cast range of motion, in patiepts who did not receive
in-cast muscle stimulation, was considerably less. The
conplusion.was drawn that with minimizafion of muscle
atgophy and minimized loss of range of motion, oxygenation
of the tissues and:pfgvision of nutrients were maintained,
waste product remoﬁai and venous stasis weré enhanced, and
fibrous tissue build—up was prevented. Comparison of pre-
cast and post-cast measurements on the Cybevasokingtic
unit demonstrated no change in muscular eﬁdurance which
implied no impaif;ent of waste product removal. DMuscle
power was minimally affected, and demonstrated a 30% loss
ffom the pre-cast measurement. The least strength loss
occurred at 300 of knee flexion. .The loss‘Was clinically
significant since thé last 30 deg%ees to full extension is
the most difficult range to attain and maintain as a conse-
quence of injury or immobilization, usually. Lieb and
Perry'(36.37) stated “$hat the last 15 to 30 degrees to full
extension requires quadriceps force to be 60% greater than
for the previous range. \As a coﬁséquence of no loss in
muscle strength in the last 30 degrees to full extension

no quadriceps lag resulted. Méximal strength loss occurred

at 80° of knee flexion, and was one-third of the pre-cast

value. The étrength decrement represented a mean 1.0%
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loss in strength per day at 80° ﬁnee flexion, a O.8%’toss
in strength per day at 30O knee flexion. Various authors‘
(32,43,56,59) have reported an average loss in strength of
1.3% to 5.0% per day. As a consequence, active progres-
‘sive resistance exercises could be started earlier and at
a more advanced level than cases where electrical stimu-
lation was not given. Effectively, time required for re-
habilitation was reduced.  Full normal lower limb function
was regained within twelve days post-cast. The author
concluded that faradic muscle stimulation to the quadri-
ceps concurrent with an isometric quadriceps contraction
given during immobilization was a valuable mode of treat-
ment to maintain muscle bulk or'prevent muscle atrophy,
negate the undesired effects of immobilization and permit
rehabilitation to ccmmence_at a more advanced .level,
thereby reducing overall rehabilitation time.

The effects of faradic muscle stimulation on skele-
tal muscle fibre area were studied by Taylor et al. (57)
in 1978. Results of the ll-subject heterogenous group,
based on pre and post-training muscie biopsies of vastus
lateralis demonstrated that faradic muscle stimulation did
not affect the fibre area or distribution of fibresT but
that slight improvements in muscle strength were noted.

Wise (63) investigated the tﬁerapeutic uses of
10-50-10 faradic stimulation fof muscle strength gains,
and the strengthenlng beneflts of 10- second tetanlc muscle

- stimulation. Wlse initially attempted to duplicate the
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results from Russian gtddies which reported'that EMS. gene-
rated greater increases in strength than did voluntary iso-
metric training. With no explanation, Wise stated that re-
sults from the application of EMS to the lower limb of male
intervarsity basketball players (N=12) showed no statisti-
cally significant differencgs among the groups, with pefe—
rence to vertical jump measufements. The same technique
applied ohe year later to the upper arms of dntervarsity
wrestlers (N=unknown) yiélded significant increases in
muscle strength for subjedts in the EMS group. Wise per-
formed a third study using EMS with isometric exercise to
the elbow flexors, and noted significant improvements in
elbow flexor strength. The same author began an EMS proto-
coi for P-FC, post-surgical batients, and fracturé patients
(N=unknown) . Wise noted increases in isometric muscle
strength after twenty stimulation sessions, and implicated
uses of EMS to be beneficial in late stages of immobi}iza—
tion following surgery,ﬁénd for uncomplicated fracturggf
In-plaster muscle stimulation was_associated with less
atrophy than expected after immobilization and less joint
stiffness. Wise found that post-operative, elec?;ical
stimulation reduced the incidence of P-FC or patéllar ten-
donitis, apd promoted earlier strength gains of vastus
medialis. The author‘concluded‘that the 10550:16 faradic
stimulation regime produced significant strength increases

if the muscles were stimulated repeatedly to limits of

maximal tolerance. However, these studies are unpublished
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and used small groups of subjects.

Johnson et al. (23) in 1977 studied fhe effects of
the Russian faradism technique of 10:50:10, on the sympto-
matic treatment of fifty cases of P-FC. The triangular
waveform utilized in the initiation period progressed to
the rectangular waveform. A cémparison of isometric, iso-
tonic, and isokiﬁetic exercise for the strength restora-
tion of the vastus medialis muscle was made. The results
showed a 25;3% increase in gquadriceps strength for:patients
with mild P-FC and an increase in quadriceps strength of
200% for se&ere P-FC patients. An increase of 4.3% and
6.8% in.thigh girth‘was noted for mild and severe P-FC
Patients respectively. The authors concluded thatifaradic
“stimulation was a useful mode uf treatment for P-FC apd
that the greatest benefit of faradism was that of combat-
ing the lost voluntary control of the quédriceps. The con-
cept being utilized is one of muscle re-education rather
than strength improvement of available voluntary motor
units. Furthermbre, no compérative groups were utilized
and the 200% strength gain for the .severe group may be re-
lated more to‘their initial low level of strength than to
the form of treatment.

In 1977, Kots (27) presented a symposia at Concordia
University concerning the Russian technique of faradic
muscie stimulation. Kofs claimed that his Stimula I de-
livered a current similar in effect to'the Canadian fara-

dic muscle stimulators, but did not have the same painful

4
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skin sensory discomfort. Deviating slightly from his regu-
lar 10:50:10 routine, Kots demonstrated reduced back pain,
increased flexion and improved muscle tonus, after seven
days of treatment on a chronic low back problem. Kots
and his associates managed to eliminate or minimize the
paiﬁ factor permitting hea?ier current intensitiesAand in-
ducing stronger muscle contractians. Details pertaining
to‘the Stimula I circuitry are unavailable.

One year earlier, in 1976, Kots (25) is reported to
have claimed to be able tp increase the strength of a’
vmuscle by 40% after only twenty EMS treatments. KXots did
not specify the voltage but it was stited (9,22) that ﬁhe
" frequency used by Kots was 2500 cps. Utilizing his
10:50:10 routine, Kots stated that the voluntary exercise
induced by the treatment routine recruited 100% of the
musclé fibres, and consequently increased the etrength
and the density of the muscle without increasi;g the dia-
meter of the mgscle,\nor inducing fatigue. Kots stated
that an individual could voluntarily only call 80% to 90%
Aof the muscle fibres into action. In additien to demon-
sfrating strength increments in electrically stimulated
muscle, an increase in the velocity of a muscle contrac-
tion was also deponstrated. | .

Realizing that failure of the proper function of the
vastus medialis seriously impairs the whole of the exten-
sor mechanism of the knee and that after knee joint trauma

“ quadriceps muscle strength is difficult to attain,

o
T
T

-
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Williams and Street (61) investigated the use of sequen\jml‘
faradism towards alleviation of the negative effects of in-
jury to the knee joint. Patients who had undergone surgery
for various knee pathologies were treated with EMS concur-
rent with standard isometric quadriceps exercises to the
vastus medialis. After fourteen daily stimulation ses-
sions, the authors concluded that sequential faradic stimu-
lation of the vastus medialis, and quadriceps muscle group
in general, was a useful addition to the conventional tech-
niques of knee joint rehabilitation. , L)
In an unpublished article, Kots (25,26) reported on
the training of muscular powégﬁsy electrical stimulation,
and attempted to establlsh anQ%ectrostlmulatlon routine.

Stimulation of the blceps 0 rm and calf muscle group

of both legs of sumo-wrestlers, prbduced results which
indicated that 1.0 msec square wave impulses at 50 cps
developed the highest possible tetanic contraction in the
stimulated muscle. An investigation of the duration of
irritation showed that the training effect of the electri-
cal stimulaﬁion was related to the contréction of the .
muscle, induced by EMS . This result lead to the formafion
of an EMS routine whereby the quality of the tension of
the muscle was to be unchallenged during the action of the
electrical current. The average occurred within 12.5
seconds after the beginning of ‘the electrical stimulation.
Results of EMS training on the sumo-wrestlers showedban

average increase in arbitrary muscle power of 38.4% and
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50% for the biceps and calf muscles respecfively, after
nineteen séssions of EMS. Kots concluded that total stimu-
"lafion of 100 seconds per tfeatment givéh daily‘qr every '
second day using %he 10:50:10 routine, resulted in a con-
siderable increase in muscle power, and was due to a‘work—‘
ing ﬂypertréphy of the muscle fibres being trained.

Eriksson (11)1studiéd the effects of electrical
‘muscle stimulagion on cases of fifty casted post-operative
kﬁees. - Eriksson stated that it was of importanée to return
an athlete to their.sport as soon és possible. To pre-
vent quadriceps atrophy during immobilization, he advo>-
cafed the use of a castlbrace. through muscle biopsy r.:
found the slow-twitch or oxidative fibres atrophied the
‘most in the injured athléées. Also-noted with muscle
'atrophy was a drop in the level of SﬁH,“but‘not»in the
level of phOéphofructokinase, wﬁich implied a decrement
in the okidatife potential of the quadriceps}»

When Eriksson,compafed thelphysiological effecté of
an injured athlete wearing arstandard cast and performing
voluntaryjisometfic exercises to an injured athlete wear-
ing a standard cast and reéeiving transcutangous nerve
stimulafion of thé.quadriceps, a noted drop in the level( v
of SDH was'preventeq with the stimulation. Eriksson con-

cluded Yhat the best treatment of choice would be electri-

cal stimulation with cast-bracing. &
Ty snﬁl; S

Hamilton (20) in 1975 compared the effects of iso-

metri¢, isotonic and -EMS training programs on upper limb
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‘muscle strength and muscle hypertrophy using one RM cable
tensiometer tests, and fat—corfeefed arm girthlmeasure-
'menfs.l Pre and post-test measuggégnts of both arms of
male Qoluntéérs randomly assigned to the training groups
showed significant differences for measures of one RM and ~
non—dominént cable tensiometer aﬁd‘fat—corrected'arm.girth
for the isometric group. The ENMS group showed significant
increments for fat-corrected arm girth, one RM teSt, and \
‘cable tensiometer tests. The isotonic exercise group
showed no significant change. A compafison between re-
sults of the EMS group and the isometric exercise group
revealed no éignificant difference for one RM and non-
'dominant‘cabie»tensiometer\measures. Hamilton concluded
that EMS prgduced.significantly greater increases in iso-
metric strength, isotonic stfength and muscle hypertfophy
than either the isometric or isotonic training progfams.
However, the data remains ﬁnpublished.‘ .
~ Massey ef al. (39), 1965, invéstigated‘the benefits
of high ffequency EMS for improving muscular efficiency.
Nine weeks of trgining fortyfseyen normal healthy marines
divided into‘fourﬂgroups‘oﬁourred. Group A trained with
j@MSé group B traiﬁed using progressive weight-training;
Jgidup C trained using isometric exercises; and grOup D
waS'involved‘in light recreational activity- ~Results
indicatéd that the group training with progressive weight-
training showed the greatest increases in mean devélopr

mental stréngth. The static exercise group, the EMS
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group, and ﬁecreational activity followed respectively.
The order also proved to be tﬁe same for the amount of
time spent on training for each group. Even so, the
authors concludéd that using EMSﬁto strengthen muscle
was more effective thén light recreational activity, but
Was no more effective, if as effective, as progressive
weight—training'or stat;C'exercises.

| Millard (40) in 1952 studied the effects of fafadic
muscle stimﬁlation on facilitation of the disappearance 
. of a post—traumatig knee effusion (N=171). He compared
patients receiving voluntary exercise and EMS during re-
habilitation. Intensity of thé faradic stimulation was
only strong'enough to minimally raise the patient's heel
off of the plinth. Results showed no significant-dif—
ference in increments of muscle power between the groups.
Less atrophy wéé‘noted with the EMS group. No differenée
in . average treatment time to diécharge between groups was
noted, nﬁr diq the time necessary for a knee effusion to
disappear -alter between,fhe groups. Millard concluded
that faradic stimulation of the quadriceps was of no real
‘value in aiding the fecqyery of eithér muscle bower 5r
bulk, and that faradic stimulation did not accelerate the

disappearance of ja knee effusion.
-~Isom%tric and Isokinetic Exercise

)
Rozier‘et al. (52) studied the effects of daily iso-

-~
¢

- métric exercise in the prevention of strenggﬁgloss of the

ot
‘\A i

o



b2

quadriceps duringulong—cylinder immobilization, for nine
days. Measurements taken before and after immobilization

included girth measurements and isometric strength at 90o

-knee flexion. The"test group performed daily isometric

Quadriceps'exercise of five repetitions, and 6-second iso-
metric contraction followed by a 6-second rest. Their
results and conclu31on stated were that isometric quadri-

ceps exercises perform@ﬁaﬁhale the limb was casted did

P [

prevent significant strength loss.i o

Komi et al.'(30) in 1978 reported that after 12 weeks
of;maximal isoéetric‘knee extehsion exercises, performed
at 500 knee flexion, given four times each week, a signi-

ficant increase in muscle strength (20%) occurred in the

»%rained leg an& an 11% 1ncrement occurred in the untrained
leg. ‘An increase in enzyme levels of mallc dehydrogenase,
“WSDH ahd hexokihase as calculated from post-test muscle

' biopsies_occurred,.but lower.levels of lactate dehydro-

genase and creafine kinase were noted. In addition to in-
crements of levels of malic dehydrogenase'and SDH, the en-
hancement of aerobic metabolism in the exercise leg was
substantlated by a 29% increase in endurance time when
measured at 60% ef the pre training. max1mal force.

Murray et al. (46) in 1977 documented ranges of nor-

mal variability in torque of the knee flexor and extensor

- muscles during maximum, isometric contractions at joint

o .
angles Qf -30%, -45° and -60° knee extension. Results

showed that mean extensor muscle torque was higher than
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mean flexor musclé torque at all angles. The highest mean
torque for the quadriceps occurred at -60° knee extension,
and was 450 knee flexion for the hamstring huscles. Test
énd re-test were completed one week apaft. Mean torque
values were higher on the re-test for both muscle groups,
but wegé_only statistically significant for the quadriceps
at‘—600vknee extension. The authors stated that two trials
were necessary in determination of maximal strength due to
discrepancies in successive attempts which should allow a
90-second rest interval between contractions. The concép£
of . the subjects learning to!Lerformvthe fest manoever was.
not cited’as a possible reason for the results.

Schgqék and Forward (53) investigated the possibility
of maximal isometiric contractiions remaining the same over
repeated_triais or whether a meaningful change was noted.
Subjects’@ere tested at -60° knee extension on a weekly |
basis for a duration of six weeks. Result® indicated a
significant increage in scores ub to the third test, after

which a levelling off to non-significant differences oc-

curggd. The authorg’/concluded that the subject should be
familiar with the testing procedure so that a quantitative'
levelling of" the beha&ior tested would be reached before
the experiment had begun, or to institute a control group.A
The strongest corﬁflation existed when the testing pro-
cedure duplicated %he training procedure.

. Zohn et al. (64) studied the rapidity of recovery
from knee injuries by a comparison of»isotonic_and’
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isometric exercise. The treatment~duration, muscular -
strength increments; cross—education and muscle hyper-
trophy were ﬁoted. The subjects trained daily,vfive days
each week. Subjects performing isotonic exercise required
25% mdre treatments than subjects who performed isometric
exercise (p<.05). The authoré concluded that an isometric
routine permitted more rapid rehabilitation than the iso-
tonic routine. ‘ e ‘
Johnson and Siegel (24) inves%igated the reliébi—
lities that might be expectéd over 'a number of trials and
\dayslfor isokinetic movement of the knee extensors. Sub-
jebts exerted '‘a maximal force from —90o to 0° knee exten-
sion. Six trials with a 20-second rest inter?al‘bétween
trials,.were.completed daily for three'consécutive days.
~From an analysis of the results, the authors copcludedt.
that a prdtocol which provided for thrée submaximal trials
followed by three maximal warm-up efforts was essential
before stable measﬁrés were‘manifested in measurement of
isokinetic force‘of the knee,éxtensors.‘ '
Osternig et al. (47) in 1977 e#amined the.relation-
ship between maximal iéometric forces generated at speci--
fied angles and isokinetic torqué fbrces. Results indi-
cated slight ﬁendencies fof the significant cérrelations
to cluétef'arouhd tﬁe slower speédé and towards the
'gfeater angles of elbow flexion. ‘The éuthors‘concluded
that’measufes‘of maximal isokinetic strength cannot be uged

to predict the isometric strength capabilities even at the
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'same angle within the range of joint movement.
Thorstensson et al. (58) designed a study to charac-
terlze isokinetic contractions and examine force-velocity

/

relations in the knee extensors of humansy and also to de-
?erﬁine,the corgelation of fibre composition of the con-
tracting~muscle with the dynamic muscle force at different
shortening velocities. Results showed that at any given
knee angle torque produced was higher for isometric thén
for dynamic contractions and with increases in angular
‘velocities the torque produced decreased. Tﬁe decrease
in torque was less marked at the small angles. The study
showed that true isokinetic contractions and torque re-
gistered a high reliability when using the Cybex II. Cor-
relations were produced between the peak tdrqué produced
at the highest speed of muscle shorténing, and the relé—
tive area of fast twitch fibres in the contracting muscle.
Mdscles with a high percentage of fast fwitch fibres had
tHe highest maximal éontraction speeds. Dynamic torque
decreased gradually with an 1ncreased speed of - shortenlng
Tipton et al. (59) studied the effects on non- tralned
.‘rats of thirty minutes of running on the Junctlon strength
and weight of the medial collatersz} llgament Finding no
difference they immobilized one hlnd leg in-plaster for six
weeks. Results indicated that the junction strength of the
medidl collateral ligament of the ed'leg,was lowér than
that of the uncasted leg. ‘fhey con .ied that during im-

mobilization, junction strength of the medial collateral
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lggament.deéreased.

Rosentswieg and Hinson (51) in 1972 examined dif-
ferences among isokinetic, isotonic and isometric confrac-
tions iﬁAferms oflelectrical activity elicited by each
type of éxercise. Results showed that isokinetic contrac-
tions elicited'significagtly greatér electrical activity
than either isotonic or isbmetric contractions. No signi-
ficant differen&%§3were found among the muscle action poten-
tial at various angles of~elbow flexion during the iso-
metric\br isokinetic contractions.

Throﬁgh aﬁ investigation of pre&ious studies, Muller
(43) stated that the rate of strength increments with maxi-
mal exercise is approximately;lz% per dé&, but that in the

absence. of any muscle contraction, a. loss of strength oc-

" curred at 5% per day. One muscle contraction daily at 50%

of animum was enough to prevent a decrement. Thelfuncf
ti;hal capacity of a muscle increases with use and de-
creases with lack of use. Muscular atrophvaas‘reportedv
to begin within several days of muscle inactivity.

Muller concluded from studies.ipvolving isometric
training that the rate of strength increments was accele-
rated by a longgr dufatibn of contraction time and that
daily maximal contractions maintained a prolonged stimulus
near maximal levels. Thus the most rapidvincreases in
muscular strengjh would be guaranteed. Durin%w;mmobilizaf
tién‘muscle‘loses strength at tﬁe rate of 1.3;&%0 3.0% per

day; but if the immobilized muscle performs daily isometric .
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contractions, then the rate of atrophy is reduced. One
contraction per day at 10% to 20% of the maximal strengfh
prevented atrophy. Muller stated that maximal strength
was reguléted by'the intensity of frequent muscle confrac—
tions, . that stronger contractioné act as a stimulus to in-
crease strength, and that reduced effort lowers the stimu-
lus to maintain strength. ,

Kottke (32) discussed the effects of limiting physi-
cal activity on muscles. Muscle strength was maintained
by frequent contractions which produce tension. The sti-
mulus to inerease muscular. strength was the maximal_ten—
sion or maximal rate of metabolic activity produced during
-a muscle contraction. A muscle contracfion which produced
maximal tension was more effective to increase strength
than many contractions at a lesser tension. Isometric
contractions of 6 to 10 seconds duration at maximal ten-
éion, exerted several times daily, produced a strength
increment of 10% per week. As tens%on.during each con-
tragtion fell’from 100% to 30% of maximum, the stimulus to
increasé stféngth progﬁessively decreased. A daily iso-
metric contraction at a tension of 20% to 30% of maximum
was enough to haintain strength. If no muscle tension was
exerted daily, strength was lost at a rate of 3% per day.

.Reduced endurance time, inéreased adhesion formation,
and reduced neuromuscular activity were‘all related to the
level of muscular activity and strength developmént.

" In 1947, Smart (56) made the conclusive remark,
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"... in our effort to aid Nature to.accomplish

repair during and after inflammation of joint
structures this important feature has not re-
ceived the general attention it deserves, ...
I do not deny that the importance of the res-
toration of muscle function after muscle in-
jury is now much more fully realized than it
was formerly."

Through disuse muscle atonicity and atrophy occur.

If muscle tone is first restored by electrical stimula-
tion, then growth of muscle fibres at a greater rate and
efficiency occurs than with exercises alone.

During the early stage of rehabilitation, electrical
muscle stimulation was a good aid to natural repair of
muscle tonﬁs and strength. Healthy muscle was capable of
protecting a joint, but atonic muscle was incapable of
full and rapid contraction, and thus a joint would be
limited in action, and nutrition of other structures
interfered with due to a decrease in circulation resulting
from the loss of the muscle pumping action.

Muscle action aids circulation, local and general
metabolism, and clearance :of waste products. Blood supply
to a muscle in action is eight times greater than that of
a muscle at rest (56). Muscle action reduces pain by pre-
venting harmful effects of prolonged interference with
circulation. Pressure effects cause excessive intercel-
lular tension,'slowing of intracellular movements, pres-
sure on and stretching of tissues, and pressure on nerve

endings which further slows local circulation and in-

creases pain.
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Repair of damaged tissues, prevention of blood and
lymph stagnation may be achieved by treatment designed to
produce muscular contractions and relaxations. Smart (56)
stated that muscle function whether naturally or electri-
cally produced acts as a powerful stimulus in preventing
stagnation of fluids. Lack of physical muscle movement:

a) causes loss of function, contractures in

muscle, adhesions in joint capsule and

ligaments, a decreased range of motion
. due to coagulation of exudate, -and in-

creased pain. ' o

b) affects the stretch reflex in atrophic
muscle, causes a reflex inhibition, and
reduces protection of joint structures.

c) upsets synergistic movement and in-
fluences the balance of precision movements
of wasted muscles attempting to work.

d) upsets the balance of muscle contraction
and relaxation which facilitates reciprocal
inhibition. :

Smart further stated that stimulative muscle action
is the gfeatest aid to the natural repair of joint tissues

via voluntarily produced muscle éction; and the correct

application of‘the'proper type of electrical current.

In the past, EMS research has involved combinations
of healthy, injured, or traumatized &uscle, casted or un-
casted limbs, lbw, medium or high freqﬁency stimulators,
different electrode plate placements, and varying current
waveforms. Tack of detailed information concerning the
procedure of some'studies exists. Consequently, compari-

sons between previous studies and definitive conclusions
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remain unknown.
The need to

and procédures is

use of EMS during
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use of EMS to increase muscular strength

investigate and establish EMS techniques
imperative if optimal benefits from the

rehabilitation are to be realized.



CHAPTER III
METHODOLOGY AND PROCEDURE

Methodology

7

Twenty-one male student volunteers ranging in ége
from 18 to 35 years participated in ﬁhe study. All volun-
teers were informed as to the‘formattstraining programs,
safety, and duration of thé study. ﬁéne‘of the subjects
had a recent history of significant lower limb pathology.

The Cybex II Isokinetic Exercise Unit was utilized *
to record the isometric strength of the right quadriceps
at 60° of knee flexion;\ The scores were ranked highest
to ldwest. A stratified random d;sigﬁ was used.to place
the subjects in groups. From the top four scores, a sub—
Jject was-randomly placed into one of the four groups.

The procedure was repeated until all subjects were placed
in a group.

All subjects were required to sign the ihférmedlcon—”” 
sent form (Appendix A) prior to the start of the'sfﬁdy;;;f'&

The total treatment routine for each group{pequired{
a period of six weeks, exclusivé of the pre—tréatﬁant angﬁﬁ%

post-treatment measurements. During the sdx-week t?ain—?f/ 

ing period, subjects were requested to limit partiéﬁp“&
’ G f\‘i: y

tion in physical activity which deviated from their .

-stated norm. Weekly, each subject was requested‘tpiéb@—

[MEC - I g

plete an activity record sheet (Appendix B).

For-all groups, the right quadriceps was tesf.;faﬁd
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treated. Group, 1, the control group, participated only in
the pre-treatment and post-treatment measurement sessions.
Group II completed an isometric exercise routine. Group.
I1I completed a routine of monopolar electrical muscle
stimulation to the vastus medialis muscle, concurrent with
a maximal isometric quadriceps contraction. Group IV com-
pleted a routine of bipolar electrical muscle stimulation
to the vastus medialis muscle, concurrent with a max}mal
isometric quadriceps contractioﬂ:

! Electrical muscle stimulation was administered using
the Seimens Neuroton 627 (Figure 1). This unit was
selected because it is capable of producing the high in-
tensity, prolonged tetanic contractions necessary for the
electricai muscle stimulation techniques investigated.
Individual pulse time may be manually selected up to a
ma;imum of 2.0 msec-

Pulse forms for the faradic current may be‘square or
triaﬁgular. The square waveform &és’§%lected to prevent

2

gﬁﬁccommodation, and to provide a fast rise-time output.
k%ﬁe’pulse frequen@y was‘65 cpé andvthe}maximum current
output was 60 milliamperés (mA). Maximum voltage was 110
volts (V).
The post;treatment‘measurement technique duplicated
the pre-treatment measurement technique. Testing utilized
the Cybex II Isokinetic Exercise ﬁnit and Dﬁal Channel

System (Lumex Incorporated, New York) (Figure 2). The

machine was calibrated prior to each testing session. The
]



Figure 1
Neuroton 627

Eigure 2
Cybex li Recorder

°




signed to measure and record dynamic stigen
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Cybex~II has a built-in electrogoniometer, a Digital Work
Integrator, and a dual-channel instrumhentation system de-

mth,'power and

.

endurance, simultaneously with range:§ d:tion. The ad-
vaneed Dual-Channel Recorder"preciselgydisplays specifie
torqﬁe development parallel to joint angle.

The pre-treatment and post-treatment measurements

(Appendlx c), on the right lower extremlty for the sub-

"Jects.ln all groups con51sted of the follow1ng:

a) Girth Measurements
. With the leg relaxed, in extension, and the heel

resting on towels to clear the thigh from the table, the

¥

following girth measurements were taken (Figure 3):

1. A circumferential glrth measurement in centi-
metres (cm) was taken at the mid-belly of
vastus medialis, located as 77 5% of the dis-
tance from the anterior superior iliac spine
to the medial JOlnt line of the right lower
extremity (21) (Flgure L),

2. A circumferential | glrth measurement (cm) was
taken at mid- quadrlceps, located as’ 50% of
- the distance from the anterior superior iliac
spine tosthe medial joint line of the rlght
lower extremity (21)
The two girth measurements at different locations on the
thigh were recorded in an attempt to identify where spe-

cific changes due to various methods of training occurred.

At ?775% of the distance from the anterior superior iliac

spine to the medial joint line, the vastus medialis muscle

was measured in "isolation", 51nce the remalnlng quadrl—

" ceps and hamstrlng muscles are predomlnantly tendlnous at”’

£

.
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. Figure 3
Medial Joint Line and Girth Measurement Locations

Figure 4
Girth Measurement at 775%
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the 77.5% level. At 50.0% of the distance from the an-
térior‘superior.iliac spine to the medial joint line, a,i
general measurement of the quadriceps muscles was re-
corded.
b) Isokinetic Measurements

Subjects were seated on thei%added festing table ”#
with the knee joint centre of the right lower extremity
aligned with the rotational axis of the Cybex II inpuf
shaft. The hip was positioned in neutral abduction/adduc-
tion. Attached to the radial arm of the ®ybex II was a
leg pad, which was comfortably strapped proximal to the
’ankle on the anterior aspect.éf the Iower,leg, and per-
mitted normalbdorsiflexion at the ankle joint.‘ Stabiliza-
tion to pre;ent hip and trunk motidn waé achieved by means
of the use of a backrest (?5O hip flexion) and a shoulder
harness which was securely fastened to the testing table.
A padded strap attached securely to the testing table was
placed across the distal one-third of the right anterior
’thigh, which ensured stabilization (Figure 5). Verbal
instructions included commands to begin and to terminate
the contraction, as well as commands of encouragement dur-
iﬁg the &ffort. The subject continued to perform a maki-
mal voluntary contraction until insfructéd to stop; A
maximum of three practice trial%gwaghpermitted prior to
each test. . |

1. Dynamic strength was measured by having the sub-

ject_congract Bhroughout an active range of motion
from -90° to 0 knee extension.:’ A maximum
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Subject tested on Cybex Il Isokinetic Exercise Unit
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rotational test velocity of 30°/second (°%/sec) ‘
and a chart paper speed of 5 millimetres/second
(mm/sec) were used. The subjects performed
‘three consecutive maximal effort contractions
in both directions of extension and flexion.

Instantaneous power was measured by having the
subject contracg'thro ghout an active range of
motion from -90~ to O  knee extension. _A fast
maximal rotational test velocity of 180~ /sec
and a chart paper speed of 5 mm/sec was used,
as reported .by Lumex Incorporated. A verbal
explanation that this test differed from the
dynamic strength test was given. The explana-
tion clarified that the subject was to perform
"explosive", powerful reciprocal contractions
and that he would feel less registive loading
than during the dynamic strength test since
the musculature was developing less force out-
put at this faster contractile velocity. The
subject performed three consecutive maximal
effort contractions in both directions of ex-
tension and flexion. :

Endurance was measured by having the subject
contract throughout an active range of motion
from -90” to 0~ knee extension and continued
repetitions until peak torque reached 50% of
the initial maximal value for the quadriceps.
A fast maximal rotational test velocity of
180"/sec and a chart paper speed of 5mm/sec
were used. The subject was asked to concen-
trate on performing "explosive", powerful re-
ciprocal contractions, and informed that he
would feel less resistive loading than the
dynamic strength test because the musculature
was developing less force output at this
faster contractile velocity.

Isopetric stgength was measured at -150, —300,
-45” and -60" knee extension. Zero rotational
test velocity, and a chart paper speed off
5mm/sec were used. The subject was requirey to
exert maximum effort .until a consistent peak‘.on
- the graph was attained. Two isometric con- ;
tractions at each joint angle tested were given.
A 90-second rest interval between contraction .
was permitted. ‘



59

¢

Procedure

Treatment sessions were conducted by the investiga-
tor, and all verbal commands during the treetment ses-
sions were'cgﬁgistent from subject to subject. Treatment
sessions forneecﬁ subject in groups II, III and IV were
conducted daily, five days each week, for a duration of

six weeks.

Treatment Position for Grdubs 11, III and IV
The position of the subject receiving treatment-was
etandard for groups II, III and IV.

1. The subject lay supine on a plinth, and was per—
mitted to grasp the sides of the plinth. A re-
straining strap was placed across the pelvis at
the level of the anterlor superior iliac spines
(Figure 6)

2. The rlght knee ‘was flexed oyer a sgandard knee
‘ board, and maintained at 20”7 to 30" of knee flex-
“ion (Flgure 7).

3. Extension of the right knee was isometrically
;restralned by a canvas strap placed across a
pad, proximal to the ankle Jjoint, and full .
dorsiflexion at the ankle was allowed (Figure 8).

~

Treatment Routlne for Electrical Muscle Stimulation Con-
current with Isometric Quadriceps Exercise

' The square waveform for the electrical muscle stimu-
lation current was selected. Maximal current intensity
was 60 mA, and the duration of the pulse was 2.0 msec.

1. Theféubject assumed the treatment posifion
2. The active electfﬁ@e plate and sponge pad
moistened in tap: wdter, were positioned as des-

cribed. The electrode plate and sponge pad were
securely fastened ,in place with an elastic wrap

which ensured totah electrode surface area contact.e?‘

el




60

Figure 6
Treatment Position for Experimental Groups

Figure 7
Standard Knee Board



Figure 8
Leg Position over Standard Knee
Board for Experimental Groups

61

PR




62

. The dispersive electrode plate and the spbnge pad

prepared as described in 2, were placed in posi-
tion.

. The maximum current intensity, concurrent with a

maximal isometric quadriceps. contraction, able to
be tolerated by the subject was determined.

. Concurrent with the current being switched on; the

subjpet was instructed to maximally contract the
quadriceps isometrically, full dorsiflexion at the
ankle joint. The combination of electrical stimu-
lation and maximal isometric quadriceps contrac-
tion was maintained for a duration of 10 seconds.
The subject was permitted to hold his breath, or
to breathe normally, as determined by personal
preference.

. With a goniometer appropriately positioned on the

right lower extremity, the knee angle was measured
prior to the completion of the first effort.

A 50-second rest period followed.

. The procedure was repeated untll ten contractlons

had been performed

. The mA intensity was recorded for the first and

tenth contractions, for each training session
(Appendix D). The intensity was adjusted durirng.

"each treatment according to personal tolerance as

indicated by the subject.

Group II - Isometric Quadriceps Exercise

L.
2.

5.

The subject aSsumed the treatment position.

The subject was instructed to extend the lower -
1limb with maximum éffort and- to maintain the in-
tensity of effort for a duration of 10 seconds.
The ankle was fully dorsiflexed. The subject was
permitted to hold his breath or to breathe nor-
mally, determined by personal preference.

. With a goniometer appropriately positioned on the

right lower extremity, the knee angle was measured

-prior to the completion of the first effort.

eA‘ﬁo—secbnd rest period followed.

The preEédure\was repeated until ten contractions
had been performed--
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Group III - Monopolar Electrical Muscle Stimulation
Concurrent with Isometric Quadriceps Exercise

1. The subject assumed the treatment position.

2. The treatment routine for electrical muscle stimu-
lation concurrent with isometric quadriceps exer-
cise was conducted.

3. The active electrode plate (6 cm x 8 cm) and
sponge pad (7 cm x 9 cm) were placed over the
motor point (54) of the vastus medialis, and
securely fastened in position with an elastic
wrap (Figures 9 and 10).

4. The dispersive electrode plate (8.5 cm x 11.5 cm)
and sponge pad (9.5 cm x 12.5 cm) were placed over
the femoral nerve in the femoral triangle, and
securely fastened in position with an elastic wrap
(Figures 9 and 10). :

Group IV - Bipolar Electrical Muscle Stimulation Concur-
rent with Isometric Quadriceps Exercise

1. The subject assumed the treatment position.

2. The treatment routine for electrical muscle stimu-
lation concurrent with isometric quadriceps exer-
cise was conducted. '

3. The active electrode plate (6 cm x 8 cm) and
sponge pad (7 cm X 9 cm) were placed over the
distal aspect of vastus medialis, and securely
fastened in position with an elastic Wwrap
(Figures 11 and 12).

L, The dispersive electrode plate (6 cm x 8 cm) and
~sponge pad (7 cm x 9 cm) were placed over the
proximal aspect of vastus medialis, and securely
fastened (Figures 11 and 12)

All subjects were asked to verbally indicéte to the
investigator when -they were capable of withstanding a -
greater intensity of current, and also when the new maxi-
mal level of tolerance had been reached. Levels of cur-

rent intensity were subjectively determined, but remained

maximal for the individual. The concept of ‘maximal’



Figure 9
.Electrode Placement for Monopolar Technique

Figure 10

Electrode Placement Secured by Elastic Wraps

6l
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: Figure 11
Electrode Placement for Bipolar Technique

’ Figure 12 - ,
Electrode Placement Secured by Elastic Wraps
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bordered on being intolerable. v

.
g

Statistical Analysis Co. "

The statistical analysis used was a two-factor
(treatment by occas®bn) multivariate analysis of variance
(MANOVA) with the occasion factor being treated as the
repeated measure (68).

The main treatment effects were calculated for the
girthmmeasurements and the isokinetic measurements (varj-
ables 1 to 5 as described in Appendix E), taken simulta-
neouSly. The main treatment»effects were calculated on
the isometric measurements (variables 6 to 9 as described
in AppendixkE); faken simultaneously. The post-hoc Heimert
contrasts (groﬁp n Qersus the average of the remaining n-1
groups) wereLFaIculéted on variables 1 to 5 taken simul-
taﬁeousiy,:ahd variables 6 to § taken simultaneously.
Thé<qrthog§nal Helmert contrastélwéie followed by the non-
orthbgoﬁél pair-wise contrastsacalculafkd on all possible
pairs szgroﬁpg for variables 1 to 5 taken ;imultaneously,
and variabies 6 to 9 taken simultanébusly; Follow}ng cal-
cuiéfioﬁ&df the méin‘trea£56nteeffects, the main occasion
effects}ﬁéfe calcuiated for variables 1 to 5 taken simul-

taneously, and variables 6 to 9 taken simultaneously.

The main treatment effects were calculated on the two -

. . . s . . . : §
girth measurements, three isokinetic measurements, and

four isometric measurements (nine variables), taken indi-

vidually. The post-hoc Helmert contrasts and péir—wise
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contrasts were calculated on all variables, taken indivi—
dually. FolIOW1ng calculatlon of the maln treatment ef- f

fects on 1nd1v1dual varlables, the main occas1on effects

‘were calculated for all varlables, taken individually

The 1nteractlon effects were calculated for varlables

1 to 5 taken 31multaneously, and variables 6 to 9 taken

'flmultaneously> The interaction effects for all groups

"taken s1multaneously, and all poss1ble palrs of groups

were reported Where 81gn1f1cance was observed the
1nteractlon effects were calculated on 1nd1v1dual varl—i

ables. The 1nteract10n effects ‘for all groups taken 2

,81multaneously were reported Where 81gn1flcance was ob-

served the 1nteractlon effects for all possible pairs of

;groups were reported

Throughout the statlstlcal analy81s the .05 level
of slgnlflcahce was used. Probab111t1es of .052p =.01
were reported‘as they occurre%. All other probabllltles
were reported as elther p>.05 or p< 0l.. Raos approx1mate
F-test u31ng W1lks Lambda was ‘used to calculate the F~

ratio. Where necessary, crltlcal values of F were 1nter4

N



CHAPTER IV
RESULTS AND DISCUSSION-

Results‘ '
The following terminelogy (Appendix E)\was

throughout the results and discussion:

variable 1 girth at 77.5% (cm)
variable 2 girth at-50.0% (cm)

~ variable 3 dynamic strengtha(ft los)'
variable 4 - : muscular power‘(fx 1bs)

f Qariable 5 muscoiar endurance (sec) j
Variable 6 1, 1sometr1c strength —150 (ft lbs) ) o
variable 7 :+ isom trlc strength -30° (ft lbs)\
'variable 8 : ispmetric strength -45° (ft 1bs)
variable‘9 : isometric Strength~—600 (ft 1bs)

The statlstlcal analyses of the data collected for‘?
twenty:one ma?e volunteeQS (ranglng from 18 to 35 years,
mean age of 23.8 years) may be found 1n,Appendlces F to J.

” ‘Appendix F illustrates the group means for pre and
;postitreatment meaSures,-for each variable. Also incﬁoded
are the treatment mean dlfferences on pre and post—
treatment measures for each group, for each varlable

Appendix G 11Lustrates the results of the two-way f.;f
MANOVA”with repeated measures on variables'l to 5 taken
81multaneously, and varlables 6 to 9 taken 31mu1taneously
Also included are the results of the post hoc contrasts

Appendlx H 111ustrates the results of the two- Way : e

4 ‘ . ’ \x‘ﬂ ’

68/
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MANOVA with repeated measores‘for all variables, taken in-
dividuallja Also included are the results of the post-hoc
contrasts “ |

Appendix I illustrates the MANOVA 1nteract10n effects
kfor all groups for variables 1 to 5 taken simultaneously,
and variables 6 to 9 taken-simultaneously.

Appendix J‘iilustrates the MANOVA interaction effects
for al% groups .on individual variables. -« =~ .

The treatment means for‘each group~on,each occasion
for each variable may be found on Table 1. Table Z/Qum-

marizes the treatment mean differences on occasion for

L4

each group on €ach vari#ble.

" Variables 1 °to § o

a) Main Group Effects for Variables l to 5 Taken Slmul—
. taneously

9£§ A significant treatment effect (&fziS 4#'6- F—9‘82'
p< 01). was observed when all groups were contrasted simul-
taneously on the means of variables 17 to 5 (Table 3,
Figure 13). All'Helmert contrasts for éroup effects
(Table 7) were statistioaliy significantv(p<.019. Thus,
'a.generalotreatment,effecx was observed when the vector of
averaged means for groupS“II,QIII, and IV was“contrasfed
to the mean vector\fOr group I. A significant treatment
effect (p< 01) was observed when the means vector for
'group II was contrasted to the vector of averaged meZns

-,’§$«
for groups'III and IV. A final contrast'of-the‘méans g

\\;
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Figure 13
Mean Group Effects Aver\aged Over
Occasion for Variables 1 to 5
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vector for groups III and IV was observed to be signifi-
cant (p<.0l). All pair—wise'contrasts of the group means
vectors (Table 7) were statistically significant (p<.01).
Thus; the means vector for each group could not be con-

sidered as having come from a common population.

.b) Individual Vériable Effects for Variables 1 to §
Table 9 illustratés thégmean groﬁp\effeCts for the
indi#idual variables. Variables 1 to 5, takenlindivi-
dually, all demonstrated/significant treatment effects
(p<. 01) . The largest F-ratios were bbServéd fsr vari—
able 1 (df=3,20; F=26. 63), variable 2 (df 3,205 F=22.55),

4‘MV 1‘1:

and varlable L (d4f=3,20; F=21. 61)

‘Y/

For variable 1 (Table 10), a treatment effect (p<.01)
was observed for all Helmert contrasts. ‘Gfoup IACOntrasted
to group v was the only non—s1gnaflcant (p OSf%gglr—
wise contrast Wlth the exception of groups I and IV,
group meansson varisble 1 could not be considered as han

1ng come from a common populatlon ‘ . ™

.{»4-

For varlable 2 (Table 11), a treatment effect {p .01)

was observsd for all Helmert contrasts. Group I contrasted
| i : '
to group iﬁ was the only non-significant (p>.05) pair-

ast. With the exception of groups I and IV,

wise cont
group meaJS on varlable 2 could not be consdered as. pav—

"

ing come %rom a common populatlon.
J

For barlable 3 (Table 12), a treatment effect $p< Ol)

was observed for all Helmert contrasts. Group I coptrasted

/ |
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to group IV was the only non-significant (ﬁ;.OS) pair-wise
contrast. With the exception of groups I and IV, group
means on variable 3 could not be considered as having come
from a common populatio . i

For variable 4 (Table 13); ﬁo significant difference
(p>.05) between group 1 and the,average of'groups 11, I1I1
and IV wgéAobserVed. hus, the averagedwgroup means for
- groups II, III and IV could be considered to be equal to

‘tgg.mgan“of-group I in the population. Tﬂé remaining Hel-
Aﬁéft.coﬁ£ra5ts weré-éiénificant (p<.01). A CQmpérison~of
the averaged gfoup,méans fdr groups IIT and;IV could be
considered significantly*diffe?ent in the population than
the mean of group Ii. 'Furtﬁ%rmore, the means of groups

- III and IV were not considered as being equal in the poqu
lation. Significant tfeatment effects (p<.02) were ob-
served between all pairs of means for groups contrasted.
Group means were thus conside- 4 as being unequal to each
other in the populatioﬁ. ‘ '

Eor varlable 5 (Table 14), a treatment effect (p<. Ol)
wés observed when the mean of group II was contrasted to
the averaged mean for groups III and IV. The respective
means could not be considered as being equal in the popula-
tioﬁl A level of non-significant (p>.05) was obé%rved for
thé'femaining Helmert contrasts. Significant (p<.0l) pair-.
wise contrasts were observed for groups I and III, I and

IV, II and IIT, and II and IV. THus, “the significant pair-

€ .
wise contrasts of group means could not be considered as

L
s
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being equal in the population.

c) Main. Occasion Effects for Variables 1 to 5 Taken Simul-
taneously 9

Table 5 illustrates the significant treatment effect

(df=5,16; F=10.85; p<.0l) for the means for the pre and
post-treatment effects, averaged over the groups for
variables 1 to 5, taken simultaneously. . Thus, the com-
parison of the pre and post-treatment means for variables
1 to 5, taken simultaneously, was significant, and they v
were notbcaﬂgiﬁexgd equal in the population. All variables

were observed to have higher post—treafment measures

(Figure 14).

d) Individual Variable Effects for Variables 1 to 5§

Table 9 iilustrates the pre and post—treaiment effects
for the individual variables5 Variable 2 was the only non-
significant (p>$05) variable. The largest F-ratios were
‘observed for vafiable 5 (df=l,2q; F=34.61), and vériabie 4L
(df=1,20; F=34.60).

A significant overall interaction effect (df=15,39;
F#Z.ll; p=0.03) was observed, illgstrating changes between
the pré and post-}reatment measures for variables 1 to 5
taken simultaneously écross all groups, were not equal
(Table 19). The pre and post-tréatment interaction
effects between gréup pairs on variables l'to 5 taken
sim@ltaneogsly, differed. Significant interaqtiops (ps.OB)

were dbserved between groups I and IV, II and IV, and III
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and IV, implying a lack of parallellsm between the pre and
post-treatment comparlsons The largest F-ratio (df=5,14;
F=7.70) was observed for the interaction of groups 11T and
IV, when variables 1 to 5 were taken simultaneously. |

The interaction effects were calculated on the indi-

vidual variables 1 to 5. When all groups were taken simul-

taneously, the interaction effects for variables 1, 2 and
3 were not observed to be significant (p>.05). When all =

groups were taken simultaneously on variable 4, the inter-

action-effect was observed to be significant (p=0.01).
The group pair interaotion effects were observed to be
slgnificant for groups I and III (p=d.02). I and IV
(p=<.01), and’ II and IV (p=0.04). The largest F-ratio
(df=1,17; F 11.98), was observed between groups I and IV.
For varlable 5, the interaction effect when all
groups were taken simultaneously, was observed to be sig-
nificant (p=0.01). The group pair”interaction effects
were observed to be significant for groups I and III
(p=0.01), and I and IV (p<.0l). The largest F-ratlo
(df=1,17; F=14.08) was observed between groups I and IV.

e) Graphical Results for Variagbles 1 to 5 Taken Indivi-
dually

For variable 1 (Figure '15), group IV was observed to

demonstrate the greatest change with treatment (0.92 cm).

'5iAs @ consequence of, the low pre treatment value. the in--

‘a-‘ - \

orement with tralnlngifor group IV was not enough to

raise the treatment effect to the average over occasion

o
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. for groups II and III. “Although the pre treatment dlf—
"ference for groups If&gnd III (favorlng group II) was -

_ 1. Ol cm, the post treatment dlfference (favoring group: II)

. N
was only 0. 35 Cm. Group III 1ncreased girth at 77 5% ap-

.prox1mately 0 5 cm with tralnlng, whereas group\\I demon— g

strated little change Although changes occunred with

tralnlng, lack_of statlstlcaI significance was observed.‘

For variable*z (Figure 16), group’IV’was‘Obéerved to;

demonstrate the- greatest&ghange w1th treatment (2.12 cm)

The lowest pre treatment measure and hlghest standard de—

v1atlon were also observed to characterlze group Iv. Al-.

.

though group IV was observed to 1ncrease cons1derably with

treatment the change was not enodgh to increase the per-
formance of group Iv to be s1gn1f1cant when contrasted to
the average means on occa81on for groups I1I and III In
fact, the averfge over occas1on for group 1iv, w1th traln—
“_ing, approx1mated “the average mean overvoccaS1on for
group I. }Groups II and III»Were observed to decrease
0.63 cm and'OVZO cm respeCtively; after treatmeﬁti‘

- For varlable 3 (Flgure 17), group IT was observed to
have the greatest change (ll 25 £t 1bs) w1th treatment, -
despite having the hlgheEt pre~treatment measure. Groups

IIT and IV were observed to change the least (5.00 £t 1bs

and 1. 16 ft 1bs respectively)- with treatment. "
| ~For varlable ) (FlgUre 18). group IV was observed’ to
- d monstrate the greatest change (13. 33 ft 1bs) after

reatment}fbu% also had/the lowest pre-treatment measure

LR
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of all the groups.ngrQup III‘wasyobserved to'change 10 85
ft lbs. with training. As a consequence of the low pre--

| treatment measure for group IV the change overcoccasion
approached the change over occaSLOn for group 'I. The.

I

change, w1th tra;glng, for group IV was not enough to in-
crease the treatment effects to the average levels for
groups II or III. Although groups I and,III dlffered by
only 0. 7? ft lbs (favorlng group III) on the pre- treatment
measures, ‘the’ dlfference 1ncreased to' 9. 40 ft 1bs (favor-

1ng group III) on the post treatment measures”»Thus.(,

varlable L. showed'the most cons1stent changes over the

groups. * , » | A '
&. For variable 5 (F;gure 19), group IV was observed to- '
demonstrate the greatest pre and post treatment dlfference
(5.40 sec) of all the groups, even though demonstratlng
the hlghest pre treatment measure Group’ III was observed‘
to change U 08 sec, with tralnlng The lowest pre-
treatment measure (31 95 sec) was observed for group II.
_The pre-treatment measuresvfor groups I, III and IV were

'As1m11ar. and differed at most by 0.93 sec (group fif: I).
The post- treatment dlfference between groups I and III in-
creased to 3 97 sec (Group II1I - I), and(5 77 sec for
groups I and IV (group v - I). The pre treatment dif-
ference between groups III and IV was O. 48 sec (group v -

)l III) whlle the post- treatment dlfference for groups III

e

‘and I was 1. 80 sec (group Iv - III)
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Variables 6 to 9 L | -

*.8,) Main Group Effects for Variables 6 to 9 Taken Simul-
. taneouslx , .

A significant treatment effaét

: '125453.F295=
p<. 01) was observed when all, q¥®d§agp%\~;apntrasted simul-

taneously on the- ‘means of vafdﬁﬁibs yo (Table L,

Flgureﬂzo). “A general treatment efﬂeot (p=0.92) was ob-
served when the-véctor of‘averaged means for éroubs II;
IJIT and IV was contrasted to the mean vector for group I
‘(Table 8). When the means vector for group II was con-
.ﬂrasted to the vector of averaged means for groups I1T
and IV, a leveL of non—31gn1f1cance (p>|05) resulted and
could be con31dered as hav1ng come from a common pbpula-
_tlon. The final Hekmert contrast of the'neans vectors for
groups IIT and IV was observed to be significant (p<.01)
and could not be considered as having come from a commonv
popuiation. Pair—wise contrasts of group means vectors
were observed to be significant forlgroups I and IT
(p<.01), II and IV (p=0.05), and IIT and IV‘(p<.01). The
groups demonstrating significant pair-wise contrasts could \

»

" not be considered as having come from a common population.

b) Individual Variable Effects for Variables'é to 9

Table~9 illustrates the mean group effects for indi-
vidual variables; Variables 7 and 8, taken 1nd1v1dually.
were observed to have s1gn1flcant treatment effects

. (p=.02), whereas variables 6 and 9, taken individually,

were observed to have no treatment effect (p>.05). The
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Mean Group Effects Averaged Over
) Occasion for Variables 6 to 9
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largest F-ratio was observed for variable 7 (df=3,20;

b

F=10.30), which was %150 identical to the angle of train—
ing. The smallest F-ratio was observed for variable 6
(af=3,20; F=0.75). .

N For variable 7Y(Tab1; 16), a significant difference
(p=<.01) between group I and the average of groups 11, III
and IV was observed. Thus,. the averaged group means for-
grOup§ II, III, and I¥ could not be considered as being
equal to the mean of grouﬁ'l. in the population. The
mean for group II1 contrasted with the averaged mean for
groups III and IV was observed to be non-significant
(p>.05). A contrasting of méans for groups III and IV was
observed to be significant (p<.01). With the exception
of pair-wise contrésts between groups II and III (p>.05),
and I and IV (p>.05), group‘means on variable“7 could . not
be considered'to be equal (PS.OB)} nor having comé from a
common population.

Fér variable 8 (Table 17), a significant treatment
effect (p=<.01) was observquwhen the meén for.group I was
,contrasted to-the average m;an fbr groups I1I, III and IV.
Thps,(the groups were not considered to have come from a
common population. All remaining Helmert contrasts were
observed to be hon—significant (p>.05). Thus, a chtrast
of the means for group III and IV, and‘a.contrast of the
‘mean for group I1I with the averaged mean for grbups;iII
and IV could be considered as being equal and having come

b

from a common population. .
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c) Maln Occasion Effects for Yariables 6 to 9 Taken Simul-
Ldﬂ@OuSlX S

Table 6 illustrates the significant occasion eftfect
(df=4,17; F=3.34; p=0.03) for the means for the pre and
post—treatmeqt effects, averaged over the groups for vari-
ables 6 to 9, taken simultaneous sly. Thus, the comparison
of the pre and post-treatment means for variables 6 to 9
could not be considered equal in the population. All

variables were observed to have higher post-treatment

measures (Figure 21).
{

d) Individual Variable Effects for Variables 6 to 9

Table 9 illustrates the pre and post-treatment effects
for the individual variables. Variaﬁle 6 was the only non-
significant (p>.05) variable. The largest F-ratio was ob-
‘served for variable 7 (df=1,20; F:15.58; p<.0l), the angle
of training. . .

The overall interaction effect (df=12,40; E=0.71;
p>.05) was not observed tq\bé.Significant 1ndlcat1ng that
changes between the pre and post-treatment measures were
'not different for the groups, when variables 6 to 9 were
taken simultaneously (Table 20). As such, the inter-
action effecfs between group pairs were oﬁsgrved to be
non-significant (p>.05). Thus, changes between the pre
and post-treatment measures for groups could be con-

sidered as being equal.
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" e) Graphical Results for Variables 6 to Take Indivi-
e) Graphical Resul s for Varia les .“94g,, n i

+ dually 0

o

For variable 6 (Flgure 22), groups III and IV were
observed to have the greatest changes for pre and post-

treatment measures (group III s 16.34 ft 1bs; group IV =

17.00 ft lbs);_ Group'IV was also observed to have the -

'lowest pre—treatment measure; The pre treatment average

dlfference for groups IIT and IV was 13. 66 ft los (group

I11 - IV) The . post- treatment average dlfférence for

o

groups III and IV was 13.00 ft lbs (group 'III - IV). For

»groups 11 and IV, the pre treatment dlfference was 8.58

ft lbs (group 1T - 1IV)," whereas the post—treatment dlf—'
ference was only 3.08 ft lbs (group II - Iv). For groups
II and III the pre treatment dlfference was 5.08 ft 1bs

"(group 11T - - II), whereas the post- treatment dlfference

wds 9 92 ft 1bs (group IIT - II).
For variable 7 (Flgure 23), groups III and IV were

_ observed to have the greatest pre-and post-treatment

‘change (group IIT = 15.83 ft 1bs; group IV = 18,34 ft~lbs).

Group IV was also observed to have the lowest pre-treatment

{measure Ihe pre treatment dlfference between groups II

and IIT was 0.25 ft lbs (group III - I11), whereas the post—

treatment. dlfference lncreased to 8. 33 -ft 1lbs (group IIT -
II). For groups 11 and IV, the pre-treatment differenoe
was 15.42 ft 1bs (group II - IV), whereas the post-
treatment difference was only L, 83 ft 1lbs (group II - IV),
For groups III and IV, . the pre treatment and post treatment



A o AU A e o e oo st

Tbrque
. (ft Ibs)

. Group Means on Occasion for Variable 6

: Figyre 22

"Vpost




1184

(ft Ibs)

- i10""f'

104+

124
1204~

1164

o onaf
Torque

108+

1024

s Figure 23

 Group Means on Occasion for Variable 7

1261

1244

1124

1061+

981

94',-

25
)

U v oty i S
96 .



97

‘differences»werebslmilar‘(pre—treatment difierenee.=
15.67 ft lbs; postétreatment difference = 13 1% ft:lbs)

_ For varlable 8 (Flgure 2#). group Iv was observed to.
have the largest pre and post—treatment dlfference (16. 34
£t 1bs) with tralnlng. Group.IV was also observed to have
the lowest preetreatment measure for’grOups II, I4I and
,IV.‘:Groups I,and Iv werevobserved to have similar pref
treatment measures (group IV - I = 0"23 £+ 1bs) but’the
post- treatment dlfference 1ncreased to 14. 57 ft 1bs |

- (group IV - I) Groups II and III ~differed on the pre-
‘treatment measure by 2.58 ft 1bs (group II-- III) and on

- the post treatment measure by 5.17 £¢ lbs (group IT - |
III) For groups 1I and IY. the‘pre-treatment dlfferenoe'
was 12.42 ft_lbs‘(group II - IV), whereas the post-
treatment difference was 4.83 ft 1bs (group II - IV).
,For.groupsiIII,and IV,vthe.pre—treatment difference was
9.84 f1 losl(group III - 1IV), whereas the post-treatment‘
difference was(O 34 ft 1bs (group Iv - 1I1).

For varlable 9 (Flgure 25), group IV demonstrated the |
largest pre and post—treatment difference (23.83 ft lbs) ///.
Group IV was also observed to have the lowest pre— .
vtreatment measure. For -groups. IT and III the pre— /

treatment dlfference was 6.67 £t 1bs (group II - III),
whereas the post- treatment dlfference was 2.17 ft 1bs :
(group I1T - II). For: groups II and IV the pre- treatment
' dlfference ‘was 9.83 ft 1bs (group II - IV), whereas the

post treatment dlfference was 12 00 ft 1bs (group IV -
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11) . Fortgroups 11T and IV, the pre-treatment'difference

was 3 16 ft 1bs (group III - IV), whereas the post-
treatment dlfference was 9. 83 i lbs ( roup IV - II1).

1Y

A\

.Dlscu831on

. The ‘overall. results of the study support the prev1ous
findlngs by Currier et al. (8), Garrett e% al. (13), Hart-
sell (21) and Massey et al. (39). ,EMS concurrent with |
isometric exerc;se‘lmproves ousdriceps strength beyond
vperfOrnance levels of individuals who do not train. Addl—
tlonally. 1nd1v1duals that traln u51ng 1sometr1c exercise
increase quadrlceps strength beyond performance levels
Vfor 1nd1v1duals who do not train, although 51gn1flcance
varies for the nlne varlables.

The present study 1llustrated that overall the use’
dof EMS concurrent with 1sometr1c exercise was not s1gn1—
flcantly more effect1J§ in 1ncreas1ng quadrlceps strength

‘than training by 1sometrlc exerclse alone. Garrett et al.

(13) and Currier et al. (8) had concluded s1mllar flnd—

‘ "ings,_whereeé’Taylorret al. (57) noted that subjects re-

ceiving EMS'increesed quadriceps strength beyondfperfor—
~mance leveIs’of subjects receiviné exereise only. Godfrey
et eI. (15) supported the‘results of Taylor et al. (57). |
Johnson et al. (23) concluded that EMS was effective in
improving'quadriceps strength'in patients,with P-FC, but
was of'greatest'benefit'in combating}the 10st voluntary

control of the QUadriceps.! The difficulty arises when
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comparisons are attempted betWeen previous’studies. or
previous studies and the present study. The status of
muscular health of the subjects in all studies involving
"the use of EMS differs,‘and consequently all observations
must be accepted and taken in light of individual circum-
stsnces. Ashcrofﬁ%(l), and Johnson'et al. (23) conclu-
sively stated that the weaker the muscle, the greater were
the strengtﬁ gains after an EMS +training nrogram..‘Effec—
tivelyi the results of thevpresent study support the pre-
vious conclusion by Ashcroft (1), ‘and Johnson et al. (23):
The average preJ{reatment measure for the group rece1v1ng

blpolar EMS concurrent with isometric exercise was lower

than the.group receiving;isometric exercise or ‘the group

- rece1v1ng monopolar EMS concurrent with isometric exercise.

Excludlng the measurements for- the varlable of dynamic
strength -the greatest pre to post—treatment differences
were observedhfor the subgects rg§e1v1ng blpolarfﬁMS con-
current w1th isometric exer01se._ Regardlng the 1nd1v1dual
subject measurements for the'groups hav1ng undergone traln—
ing, the subjects in the EMS_concurrent with isometric
.exercise groups consistently demonstrated that the lower -
the 1n1t1al strength level the greater was the improve-
" ment in quadrlceps strength af ter tralnlng..

The two concepts that EMS concurrent with isometric
exer01se is more effectlve in 1ncrea31ng quadriceps

strength than no tralnlng, and that EMS concurrent w1th

isometric exer01se may be more effective than isometric
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exercise done for increasing guadriceps stiength in
weakened muscle are important./ When the two concepts are
combined with the reported physiological effects of EMS,
which include increased motor unit recruitment, reduced
reflex 1nh1b1t10£} 1ncreased caplllary blood flow, im-
proved oxygenatlon of the tlssues, improved removal of
metabolic waste build-up, and prevention of venous stasis
(4,33,54), the importance for clinical use of EMS during
rehabilitation becomes apparent. ‘ |

Few sfudies in the liferature have observed changes
in muscle girth, af ter EMS training. Godfrey et al. (15)
noted an increase in muscle bulk for injured muscle sub-
jected to EMS training, and Johnson et al. (23) reported.
that the greater the initial muscular atrophy, the more
,significant were the girth increments after a program of
EMS. Significant changes in girth were not observed in
the present study; but the changes which did occur remain
noteworthy. For girth at ?77.5%, the observation was made
that the greatest increments in girth occurred to the
groups with the smaller initial girth measures. The EMS
concurrent with isometric exercise groups were observed
to have smaller pre treatment girth measures than the iso-
metric exer01se group, and thus were also observed to have
the greatest dlfference on occa810n ‘after tralnlng For
the EMS;concurrent[W1th 1sometrlc exercise groups only,
the same finding w[e observed. A similar finding was

observed for girth lat 50.0%. The increment with training
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for the bibolar EMS conéurrent with isometric exercise
group was the greatest of any of the girfh differeﬁges for
the groups which underwent training. The loss of girth at
50.Q% for the subjectéﬁih the isometric exercise group and
the monopolar EMS concurrent with isometric exercise group
.may be indicativg'of a loss of subcutaneous tissue (27){
The effects of the EMS techniques concurrent with
isometric exercise on girth changes at 77.5% and 50.0%iare
worthy of note. For girth at ?7.5% the monopolar EMS con-
current with isometric exercise group had an initial girth
measurement of 1.49 cm greater than the bipolar EMS con-
current with isometric exercise group. The difference
after training favored the monopolar EMS concurrent. with
isometric exercise group by 1.20 cm. .Thus the changes were
similar for the EMS concurrent with isometric exercise
groups at 77.5%. However, at 50.0% the monopolar EMS con-
current with isometric exercise group had an initial girth
measurement of 3.77 cm greater than the bipolar EMS con-
current with isometric exercise group, wh;reas the dif-
- ference after training favored the monopolar EMS concur-
rent with isometric exercise group by 1.45 cm. Thus, the
bipolar EMS technique concg;;ent witﬂﬂisometric exercise
wa;vmore effective for incrﬁgsing girth at 50.0% than the
monopolar EMS technique concurrent with isometric exercise.
Physiologically, the cross-sectional area of a miscle

increases with exercise as a result of increased myofib-

rillar density and a reduction in the amount of sarcoplasm
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in the contractile complex (27). The subjects in the mono-
polar and bipolar EMS grouﬁs‘performed isometric exercise
concurrent with EMS, and, since an EMS induced muscle con-
traction most closely approximates a voluntary contraction
(55), similar rationale for girth increments with EMS con-
current with isometric exercise may be indicated. Concur-
rent with the physiological changes is an increased qualityv
of contraction, which is dependent upén the number of con-
tracting fibres, ; reported EMS effect (27,35,54). Thé
rationale for‘the nature of the girth changes may be re-
lated to the EMS technique used. Bipolar EMS produces a
direct and even distribution of current betweenNthe_two
electrodes and throughout thq vastus medialis muscle. As
~a result, the.physiologicgl changesjof increased myofib-.

rillar density and reduction of sarcoplasmic reticulum

may occur throughout the course of the muscle, creating

oo

‘girth increments at 77.5% and. 50.0%. Monopolar EMS pro-
duces an indirect stimulation to the quadriceps»muscle
'group as a whole, and specifically focuses on the vastus
medialis muscle through the motor point. As a result, the
physiological changes associated with increased girth were
specific to the higher intensity of stimulation givéﬁ'to
~the vastus medialis through the motor point. Thus, the
girth increment at 77.5% apd lack of increment at 50.0%
may be explained for the mqnopolar EMS c;ncurrent with
isometric exercise group. |

' The different methods of training were observed to
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have varying effects on dynamic streng¥h, muscular power
and mubcu;ar endurance. Post-treatment increments were
obgerved for the tréining groups on all the isoklinetic
measures. Significant overall interaction effects were
observed for the measures of muscular power and muscular
endurance, but interaction effects between the training
groups for the two previously mentioned measures were
lacking. Regarding actual torque or time changes with
training, the EMS concurrent with isometric exercise
groups were generally observed to imprové more. 'The im-
provements may be_indicative of the lower initial levels |
of strength and also of the additional effects of EMS éon-
currernt with isometric exercise and associated EMS physio-
logical changes (4,21,40). |

The chéngesnin dynamic strength for the EMS concur-
rent with isometric exercisé groups were contrary to expec-
“tation. For all groups taken simultaneously, a signifi-
cant pre and post-treatment effect was observed, but fur-
ther analysis did not produce a significant interaction
effect bgkween the groups. A possible gxﬁlanation is that
the majority of subjects in the control group had post-
treatment measurements which were considerably greater
than the corresponding pre-treatment measures. The sub-
jects iﬁ the controlAgroub'may have given an unusually
.higher effpr; on the first isokinétip measure sincg simi-~
" lar increments were nbt'observed for the remainingk

measurements.
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Greater effects of’treatment were expected for the
EMS groups for fhe following reasons:

1. Previous studies (30,43,52,64) reported either a
maintenance of strength or strength increments after a
program of isometric exercise. Other studies (12,23,27,3s,
61) have reported increments in strength after an EMS pro-
gram. Since a muscle contraction induced by EMS most
closely approximates a voluntary effort, and the present
study combined voluntary with ;nvoluntarf‘effort. incre-
ments resulting from EMS concurrenﬁ with isometric exer-
cise training should havé been at least as great as the
changes associated with exercise alone.

2. The isométric exercise group demoﬁstrated a con-
siderable increase after training. Thus, the EMS concur-
‘rent with isometric exercise groups were expected to
demonstrate increments at least as great as the isometric
exercise group sihce\the'only difference between the
training groups was the EMS. .

3. The literature (2,27) has re¢ported a positive cor-
relation between increments in muscle girth and strength
gains. Although not significanf. girth inérements were
observed for the EMS concurrent with isometric exercise
groups in the‘present study.

L. Muscular power and muscular endurance improved
with training for the EMS concurrent witﬁ isometric exer-
cise groups. Thus, a subsequent incremeﬂt for the dynamic

strength measure was expecteéd.
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5. Kots (26,27) ﬁtated that optimal increments in
strength occurred after 20 to 25 btimulation seaslons.
Subjects in the present study received a minimum of
twenty-eight EMS sessions.

6. Kots (27) stated that EMS was capable of recruit-
ing more motog unitd beyond that which an individual was
capable of recruiting through a voluntary effort, towards
‘enhancement"of gtrength by 10% to 30%. Similar effects
may result with the use of a low frequency stimulator.

Several viewboin}s may be indicative of the perfor*
mance by the'Eﬁg concurrent with isometric exercise groups.
Du:ingithe training §essions. the subjects in the EMS con-
‘current with isometric exercise groups were requested to
withstand the maximal intensity of current barely toler-
'aﬁle,‘and cBHéurrently give a maximal voluntary effort:
Considering;the sensory or skin irritation normally asso-
ciated with low frequency fargdic stimulators (34), the
concept of maximal voluntary effort may have been .masked.
The idea of discomfort is different from‘that reported by
Curwin et al. (9) who stated that subjects were not pro-
ducing maximally as a consequence of pain resulting from a
sensation of muscle cramping. Secondly, the subjects may
have subconsciously concluded that they did not have to
work as hard on occasion since the current would provide
the little "extra effﬁrt" towards the contraction. Conse-
quently the subjects became dependent on the current for

help on the voluntary output.
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.The”%ost plausible viewpoint is the latterse*When the

subjects in the EMS concurrent with’ 1sometr1c exercise

_groups attempted ‘the flrst 1sok1net1c post treatment mea-

sure, whlch was dynamlc strength they relled on the help

'normally prov1ded by the EMS current Once the absence of
.the current was accepted the subJects increased thelr

‘voluntary effort to approach max1mum, as 1llustrated by

the post treatment 1ncrements for measures of muscular

power and muscular endurance.' Concelvably, 1f the pos-
51b111ty of current dependency had not occurred the

change with tralnlng in dynamlc strength for the EMS

"groups -would have been at’ least as great as the changes

observed for the 1sometrlc exer01se group

For the EMS concurrent w1th 1sometrlc exer01se

Agroups, the group tralnlng w1th monopolar stlmulatlon nay

uhave the potentlal to 1mprove dynamlc strength more.

Though the 1ncrements were small for the EMS concurrent
with isometric exerc1se,groups, the monopolar EMS concur-

rent with isometric exercise group improved more, even

. with a higher initial level of strength. Monopolar EMS

affects.the Whole'of thevquadriceps group through indirect
stimulation:but‘intenselyfstimulates the vastus medialis

through‘the motor point (4). The parame‘ter of dynamic

.strength involves the whole‘ofgthe;quadriceps muscle group

At

norking.as'afharmohious unit, and does not rely on a
single:muscle for optimal performance‘ For example, the

vastus medlalls muscle working in 1solat10n does not have
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the ability to extend the lower limb (36,37) Thus; ihe
suggestion that the monopolar %echthue affectimg the
whole of the _quadriceps muscle group rather than the b1—
polar technlque affecting the vastus medialis muscle for
.1ncrea51ng dynamic strength is feasible.

Once the stétistical analysis was completed, the
interactiom_effects for the individual variables of mus-
cular power and muscular-éndurance were the’0nly signifi-
cant individual variables. Although previouslstudies have
not reported observations on muscular power and-muscular
éndurancg, sevefal viewpoints may be stated in support of
the present results. All the groups involved in trélning
demonstrated improvements in muscular power, buf the EMS -
concurrent with 1sometrlc exer01se groups demonstrated the
greatest changesa\lth training. The monopolar EMS concur-
rent with isometric exercise group ificreased llb26% and
the blpolar EMS concurrent with 1sometrlc exep01se group
1ncreased 15.78%. The increments in muscular power for
the EMS concurrent with isometric exercise groups were
31gn1flcant when each EMS concurrent with 1sometr1c exer-
cise group was compared. to the control group Although
toe isometric exercise group improved, the change with
training was insufficient for significaﬁce over the con-
trol group.-~Tﬁus, the EMS concurrent with isometric exer-
cise groups were more effective than isometric exercise

alone for improving muscular power, when compared to a

group that did no training. Changes within the EMS
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. concurrent with isometric exercise groups were not.énough
to definifely‘conClude which EMS technique concurrent with. -
isométric'exercise‘is more effecti&e in‘enhancing mUscular
power, which may be indicative of the limitatioué_of a low
- frequency muscle stimulafor used in the training of |
hcalthy muscle. " Several viewpoints in support of the in-
dcrements in muécular power for the EMS concurrent with
.1sometr1c exer01se groups are as follows: |

- 1. The phy51olog1cal effects of EMS 1nclude 1ncreased
motor unit recrultment 1mproved perlpheral nerve effects.‘
and improved capillary blood flow (33 36), factors known
to 1nf1uence muscular power ..

2. Kots (26 27) after studylng muscle fibre types and
rates of firing concluded that the most sultable frequency
to cause maximal power of a muScle7was a rhythmical stimu-
latibn‘of betweén 50 to 100 cps. For example,'if the fre-
quencyAwas 100 cps, stimulation of‘only‘a ffaction of the
quickest muscle fibres would occur,‘and stimulation.with”al
frequency of 30 cps would achieve a maximal.contréction qf,‘
the slcwest muscle fibres but still iuduce fetany,in ‘thedm
faster fibres (67)%1 The"musclc stimulat%p used in the
present study had‘a frequency of 65 cps, Lapable of stimu-
lating the fast twitch and slow twitch Tibre types. |
. 3. Optimal pOWer'increﬁents were produced after a
" minimum of 10 to-15 stimulation'sesgions (2?)- The
present‘study-was,in accordarnce with the.findings of_Kbts.

. Normally when a muscle contraction occurs with
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the intensity of the contraction increasing slowly, the
order of recrultment is from slow tw1tch flbres, 1nnervated
by small motoneurons. to fast tw1tch flbres, innervated by '$E
large motoneurons . According to Kots (27), the order of
recrultment changes with_a sudden‘strong changevin elec; .
trical_intensity,\éueh as phat provided by EMS,fand‘the
‘fast twitch fibres are recruited before the slow ﬁWitchl
fibres (27.). Sinee"power predominantly invelves_the action
of fast twitch fibres (2), power inerements~after training
with EMS‘are warranted. Kots.(26,27> stated"that’althongh ‘
power may increase by increasing the percentagefof.fast |
twitch to slow twitch fibres, the fationale'ié’mdre'likely
to be the result of the fast twitch and sloW\tw1tch flbre‘
ratio remalnlng the same, but the quallty of recrultment
tends to be more spec1f1c towards actlvatlng fast tw1tch
flbres _

5. Nofmaily, a certain amount of CNS inhibition is
‘present durlng a muscle contractlon (2):>and the subse-
quent recruitment of all motor units in a muscle or muscle
group becomes impossible and thus dampens,thefeventual
 power outpnt. A decrease in CNS inhibition would faei-
litate motor unit rébruitment and enhance power (2). 4IWith |
the use of EMS, the CNS does not glve 1nput but volu tary |
contractlon 1ncreases, implying a change taklng place, n.
the‘perlpheral nervous system (27), - Thus, power incre- -
ments are possible; | | “

Considering the low initial measurements for the
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¢ Ve
bipolar EMS concurrent with isometric-exercise-group,'on

f.muscuiar poWer;'a greater changé due to training may haye

/’,//

been expected. The potential for mueculaffioﬁer to im-
pr0ve more with the use of’monopolar EMS.concurrent with
isometric exercise may be reasoned;by the follow1ng:

1. Power should 1ncrease as more muscles are recrulted,

/
and as these muscles increase in strength. Monopolar EMS

affects the whole of the qhadrlcePS»muscle group, not-a‘
single muscle, and the stlmulatlon would prov1de for an
,dlncreased recrultment of motor units cau51ng an 1ncrease

in neuromuscular fac111tat10n, ‘and finally an enhance—
'ment of power,performance. _ d |

2. The subjebts in thedbipolar'EMS concurrent with

'isometric'exercise'group may have reached the‘maximal inj
tensityrlimit on the;muecle stimulafor, but still have-
been_able to‘tolerate.more;. If a muscle is stimulated
;adirectly, fhe increase_in contractioanualityvwith»incre7nw,
‘menfs in current intensity is lees~marked due'to.an in- -
creased ex01tat10n range (). It a muscle is stlmulated
through 1ts nerve, such as the monopolar technlque,‘a
sllght increase in current will give a marked increase in
contraction qualify Thus, the‘subjecte in ?he monopolar
EMS concurrent w1th 1sometrlc exer01se group may not have
reached the limit of maximal 1ntens1ty on the stimulator.
- Muscular endurance was the only other varlable ob-

served to demonstrate a s1gn1flcant change when group

1nteract10ns were con81dered Both technlques of ENMS .
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- concurrent with isometric exercise were observed to in-
M'creagk musculardenauranceASignificantl& oyer a groupbthat
‘ldid_not train; 'Tne,isomefric eXercise'group did not signi-
,ficantly:increase‘when compared to the control group. The
dlfflculty arlses in conclus1ve1y statlng Wthh\EMS tech—
:nlque concurrent w1th 1sometr1c exer01se is more- effective
in 1mprov1ng muscular endurance, for reasons s1m11ar to |
“the reasons~stated “for muScular power; Con51der1ng the }
1n1t1al levels of performance and umprovements with traln-
1ng,vthe blpolar EMS concurrent w1th 1sometrlc exer01se a
| group-was observedrto;prov1de the greatest:effectS’towards'
improving endurance.. Several.suggesfions arevgiven in'Supj
‘ ports. | T
| 1. EMS 1ncreases caplllary blood flow, 1mproves oky—
genatlon of tlssues, 1mproves removal of metabollc waste
products, and increases motor unit recrultment (21,33,56).
Muscular endurance durlng tralnlng has been shown to in- |
crease w1th 1mprovements 1n ‘the aforementloned factors.
With the use of EMS the 1mprovements towards enhancement
of muscular endurance should be at least as great as with
exercise alone. |
2. Blpolar stlmulatlon spec1f1cally affects the vas—
tus medialis muscle. As an 1nd1vldual periorms the en-
durance‘parameter. fatigue oceurs causing the lower limb
',torfail'in‘reaching the last few degrees tc full:extenq
- sion, of the knee.  The last 30° to'fulllextension'ref

quires a‘609 increase in gquadriceps force (36,37)lwithout
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fatigue. Vastus.medialis works throughout the full range'
oflmotion to‘knee eXtension,.but as a reeUlt of the fibre
“alignment and the‘lowiangle of insertion of the distal
. fibree; the angle of pulllfor vastus medialﬂs is more ef-
"ficient towardstfull extension than'thecremaining quadri-‘
"~ ceps muscles. Thus, specific‘stimulation‘of vaetus media-
.lis with the blpolar technique may enhance muscular en-
: durance more than the monopolar EMS technique | |
_Effects of treatment on the isometric measuree of per-
formance are worthy of note;beven though no significantb
interaction occurred. All training_techniques were ob-
served to increase mean torque at all anglesvof knee -ex-
‘tension tested. .A considerable’increase;with training‘oce
curred at elSQ and -30° knee extension for-aliigroupepwho
participated in a. training prOgram atv4300'kneevextension.
The final 30 to full exten81on is a biomechanlcally in-
_ eff1c1ent angle for the quadriceps muscle, 31nce the
muscles are in a shortened p031tion The ability to main—‘
tain or improve quadriceps strength in the final 30 to
full extension by training at —30 knee extens1on is of
clinical importance. .The-last 30 to full knee exten81on
‘4lS a difficult range to regain after 1nJury, surgery. or |
immobilization, and ‘the traditional quadriceps lag is fre-
' quently observed VBy maintaining or improving quadriceps
'»strength in the difficult'range‘of knee extension, the
quadriceps lag may be reduced, an alteration of refler
inhibition doe to peripheral nerve and CNS modification

N
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'hmay occur,.and rehabilitation would be able to be started
at a more advanced level, thus reduoiﬁg the conventional
'rehabilitation time. ‘The present findings'which demon-

. strafe'an ability to maintain strength at weak anglee for
the éuadriceps muscles, support earlier findings (21)
which demonstrated thar no decrement in strength was ob-

- served at -15° and -30° knee extension after four weeks,of
‘@onopolar,EMS concurrent with isometrlc exercise.given to
la_healtﬁy; ceStedblowerﬁlimb The monopolar EMS technique
concurrent w1th isometric exerc1se may have the potentlal
to be more effective 1nwancrea31ng 1sometrlc strength at
;the weak angles.of knee exten81on>51nce the initial level
for the.monopolar EMS concurrentlwith isometric exercise'

group was’higher than for the bipoler EMS concurrent with

,‘1sometrlc exerc1se group, but the change with tralnlng for

the monopolar EMS concurrent w1th isometric exercise group
vapprox1mated the g;ange w1th training for the bipolar. EMS
’concurrent with 1sometrlc exerc1se group

The - converse may be observed for the angles of -45°
and -60 knee extension. ; Although the bipolar EMS con-
current with 1sometr1c exercise group had ‘a lower 1n1t1el‘
strength level the change w1th training was con81derable
and may be spe01flc to the technlque of stimulation.

Specificity of tralnlng was observed to exist. The
angle of tralnlng was set atW—BO knee extension for all

groups except the controlegronp.

Thus far, significant differences between the effects
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of monopolar and bipolar EMS techniques concurrent with
isometric exercise are lacking. Even so, suggestions for
clinical use are still possible. If either EMS technique
concurrent with isometric exercise'has the potential to
incrgase quadriceps strength in. healthy, innervated muscle,
the effects of EMS concurrent with‘isometric eiercise on
irijured muscle and JOlnts should be at least as great.
The - monopolar EMS technique concurrent with 1sometrlca
exercise may be the technique to use most often for general
improvement of quadriceps performance, the Prime concern
in rehabiliftation. After the quadriceps muscles have
reached an acceptable level of restoration of the func-
tiénal:components, fbcﬁé of attehtion may be given to vas-
tus medialis. Thus, the blpolar EMS technique concurrent
with isometric exercise should be employed to enhance
hypertrophy of vastus medialis for the role that the -
muscle plays, in patellar re—alignment and inc}easing quad-"
riceps strength at greater'negative angles of knee exten-
sionv

‘However, if the underlying pathology was one of P-FC,
patellar subluxation, or patellar dislocation, then the
bipolar EMS techﬁique concurrent with isometric exercise
should be utilized throughout rehabilitation.

Although complete ramifications of EMS concurrent
with 1isometric exergise, on healthy or injured muscle,
remain unknown, studies such as the present one are slowly

introducing new concepts and ideas which will lead to
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further research in an attempt to aid in the rehabilita-
‘tion of musculoskeletal trauma. Eventually we-shall see
a reduction in the time~coﬁventionally required to restore
a limb to complete functional restoration of all the com-

ponents.,



CHAPTER V -
SUMMARY, CONCLUSIONS, OBSERVATIONS
AND RECOMMENDATIONS

Summary

The isometric exercise, monopolar EMS technique con-
current with ikometric exercise, and bipolar EMS technique
concurrént with isometric exercise{were’observed to en-
hance quedriceps strength over six weeks’ of training.
Generally. the EMS techniquee concurrent with isometric
exercise were ae effective as but no more effeetive than
isometric exercise alone, for enhancing quadriceps stfength.

Changes in girth measurements‘were observed to be re-
lated to the type of tpaining provided. The EMS concur¥
rent with isometric exercise groups were observed to in-
crease girth at 77.5% as a result of the concentration of
stimulation-to vastus medialis. The bipolar EMS technique
concurrent with isometric exercise increased the girth at
50.0% by .2 cm for the bipolar EMS coﬁcurrent with isometfic
exercise group; this resul%ed from the direct and even dis-
tribution of current/throughout the vastus medialis muscle.

Dynamic streng?ﬁ was observed to improve for the iso-
metric exercise’grdup,'but;the increments for the EMS con-
current with isometric exercise groups were minimal. The
‘subjects in the ENMS concurrent with isometric exereise

groups may have relied on the EMS current, and consequently .

feduéed the maximal vbluntary'effort on the first .

118
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isokinetic measure of the post-test. The EMS concurrent
with isometric exercise grbups were more effective for en-
hancing muscular power and muscular endurance. When dif-
ferences in pre-treatment measures and rates of improve-
ment were censidered, the monopolar EMS concurrent with‘
isometric exercise group demonstrated,a-grester improve-
ment genera}ly, but the bipolar‘EMS technique concurrent .
with isometric exercise was more effective in enhancing
muscular ehdurance.

Few significant differences were observed for the
isometric strength variables when the isometric exercise
group was contrasted'witgﬁeither of the EMS concurrent with
isometric ekercise groups. Considerihg the pre-treatment
meas{ires and rates of ehange with traiping, monopolar EMS
technique concurrent with isometric exercise was observed
/to be more effective towards improviﬁg isometric strength
at the week angles for the quadricegs muscles, namélyx—ljo
and -30° knee extension. The bipolar EMS technigue con-.
current with isometric exercise was eeServed to be more
effective towards improving isometric strength at thec

stronger angles of the quadriceps muscles, namely —45 and

1

-60° knee extension. 3 _
" The isometric'strength measure of -30° knee extensionqu

was observedtto have‘the highest F—ratiovof all the iso-

'metric strength measures. Thus, specificity of treining

was indicated.

&
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€onclusiong
The fellowing conclusions were made as a result of the
present study. V
1. EMS concurrent with isometric exercise, and iso-
metric exercise alone may enhance quadriceps
strength.
2. No significant difference existed between the

monopolar and bipolar EMS techniques, each given

concurrently with isometric exercise.
#

?

Observations

Throughout'the present study the following observa-

tions have been made.

1. The observation was made that the lower the pre-
treatment torque measurements,_the greater the
treatment effects.

2. Monopolar EMS concutrent with isometric exercise
may be more effective than bipolar EMS éoncqrrent
with iSometric exercise towards increasing ﬁus—

_ culér power.

3. Bipolar;EMS concurrent with isometric exercise
may be more effective than monopolar EMS con-
current with iéometric exercise in increasing
muscular endurance.

L. Training at an angle of -30° knee‘extension was
observed to produce considerable strength in-

crements at the weak angles (-15° and -30° knee
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extension) for the knee Joipt.

5. At the weak angles for the knee joint (-15° and
-30° knee extension), the monopolar EMS tech-
nique concurrent with isometric exercise was

~ observed to be more effective for increasing
quadriceps strength.

6. At the stronger angles for the knee joint (-L5°
and -60° knee extension), the bipolar EMS tech-
nique concurrent with isometric exercise was
observed to be more effective for increasing
quadriceps strength.

G

Recommendationsg

1. A study, utilizing the same format as the present
study, needs to be done using muscle stimulators
of diffefeht frequencies so that the effects of
different cp;rent frequencies on selected physio-
logicai’parameters may be determined.

2. A study investigating the histochemical and bio-

, ,
chemical effects of monopolar and bipolar EMS on

» . .
normal muscle, needs to be done to determine the

“effects of differentAformats'bf EMS at the

intramuscular'level.

‘_\ 3.7A study inyolving bipolar and monopolar EMS con-
current with isometric exercise at —300 knee ex-

‘tension, combined with an EMG analysis during

© -

stimulation, needs to be done to determine the.

(9
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response of a muscle or muscle group.
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ELECTRICAL MUSCLE STIMULATION -
RESEARCH INFORMATION AND
CONSENT FORM

- conducted by Heather Hartsell
Fall 1980

Unfters1ty of Alberta

1

PURPOSE

The purposes of the proposed study are to compare two
differént techniques of electrical muscle stimulation, to
‘standard isometric exercise, to no training; all over a
time period of six weeks. You will be asked to partici-
pate as a subject in only one of the four groups.
: Comparisons wiil be made on selected physiological
parameters.

PROCEDURE PRE4and.POST'TRAINING

a) assessment of muscular strength, power, endurarce,

and isometric strength at selected angles of knee
" flexion; using the Cybex Isokinetic machine. All

measurements will be taken on the right leg.

b) girth measurements of the right leg taken at two
locations.

¢) maintain a weekly activity sheet given to you.

TRAINING FORMAT
a) Control group requlred to attend the pre and post
testing sessions and required to maintain a weekly
"activity sheet.

- b) Isometric and Electrical Stimulation groups: all
training will be performed daily, five days each
week, for a period of six weeks. Training con-
sists of fifteen minutes pér day. Subjects will
be required to maintain a weekly activity sheet.

The d information obtained from the study will
be used for schorgrly publication and discussion. All data
shall remain confi tial and names will not be used to
identify the subjects.

The personal data will be freely available to the
subjects in the study upon completlon of the prOJect

 The procedure-is entirely safe and not injurious in

any way. All handling of the research equipment shall be
by the researcher only.

The researcher agrees to answer any questions that
the subjects may have concerning the procedures, or any
other aspects of the study.
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The,Lubjects are free to withdraw consent and dis-
continue participation in the study at any time, and
without grejudice.

o
CONSENT !
’ I have read the description of the proposed research
.and understand its potential value. I am also aware that
I am free to withdraw from participating at any time.

Signéd:

Date: .
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NAME:
GROUP: I g I11 Iv
to

ACTIVITY PERIOD:

#Sessions/Wk. or Est. Total

Activity

Distancg/Wk.

Time/Wk.

Avg. Intensity
Lo / Med / Hi

"Badminton
Baseball
Basketball
Cycling
Dancing
Football
Golf
Gymnastics

Handball-
individual
team

Hockey-
floor
ice
Jogging
Orienteering
Racquetball
Rﬁgby
Skiing-
cross-country
downhill
Soccer
Sprinting
.Squash
Stair Running
Swimming
- .Tennis
Volleyball
Walking
Weightlifting
Wrestling
Other (specify)
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DATA SHEET
SUBJECT:
BIRTHDATE:
WEIGHT:
GROUP T 11 - III ' v
Pre- - Post-
v , Treatment Treatment
) O )
a). Girth = » .
ASIS -- MJL = cm -
1. 77.5% = cm
2. 50.0% = cm
b) Cybex II (# holes shbwing
1. Dynamic1Strength (30%/sec)
2. Power (180°%/sec)
3. Endurance (180°/sec)
= 50% peak torgue strength
decrement
1
L. Isometric Strength (0°/sec) )
(knee extension) / v
| -157
v =30
‘ - 45 ° s Sekrie i :f;
. g T;é%; i =

-60°
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E.M.S. DATA
NAME: ]
GROUP: ' ~ Monopolar Bipolar

Session Date mA Intensity
~ Start Finish

N0 O N N W N

NN N NN NN R R
O DN EWNHOWOVW ®VGWK EW N H O
‘ ‘lg'
&
.

W
o
A ‘
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Terminology

for Statistical»Data.

-

Variable 1: Girhh at 99, 5% (cm)

'Variable Girth at 50.0% (cm)

Variable Dynamic Strength (ft 1bs)

Variable Muscular Power (ft 1bs)

,Isometric Strehgth f15° (ft 1bs) r\

Tsometric Strength —30°'§¥t 1bs) - \

Variable
‘Variable

Variable 8: Isometric Strength —450 (ft 1bs) \

\

1
2
3
L
Variable 5: Muscular Endurance (sec)
6
7
8
Variable 9

Isometric Strength -60° (ft 1bs)
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APPENDIX G

Results of the Two-Way MANOVA
With Repeated Measures on Group Differences
For Variables 1 to 5 and 6 to 9

Taken Simultaneously

/
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Table 3

Mean Group Effects Averaged
Over Occasion for Variables

1l to 5

Variable

Group 1 2 3 4 5 *p
T 39.76 51.66 164.20 96.50 35.38
1 42.16 56.19 181.63 107.38 33.55

<.01

IIT - 41.48 53.87 173.83 101.58 37.59

v 40.14 51.26 164.25 91.17 38.73
p<.05
*F = 9.82

daf = 15, 44.6

critical F = 1.90 (interpolated)



Table 4

Mean Group Effects Averaged

Over Occasion for Variables

4

6 to 9
Variable
Group 6 Vi 8 9 *p
I 60110 97.90 132.60 156.80 ‘
II 69.00 113.63 148.63 165.00 . oo
| ’ <.01
I1T 76.50 117.92  144.75 162.75
63.17 103.50 140.00 166.08

v -

p <.05

*F = 2.95
af = 12, 45.3

critical F = 1.98 (interpolafed)
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Table 6

Mean Occasion Effects ‘Averaged

Over Groups for Variables

6 to 9
Variable
Occasion 6 7 8 9 *p
¢
Pre-~ 61.56 103.32 137.34 158.48
Treatment -
_ 0.03
Post- v2.82 113.15 1U5.65 166.84
Treatment
p <.05
. * F = 3,34
| af = 4, 17 '
critical F = 2.96 7 ¢
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Table 7 .

Probabilities for:

‘Helmert Contrast and Péir~Wise,Contrast
A

N for Variables 1 to 5
Group I 1T 11T IV . - *Helmert
11 - . <.01 <.01 . <,01
CIII '_~ . -<.01 <.01
Iv _
NG=

p<.05 ' S

e

. N L} .
* Helmert contrast is group n versus the °

o

aVerage of the'femaining nél grooups .



4

Group
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14

/

*Helmert qbntrast is groyp n versus the

average bf the remaining n-1 groups.
| oo : _

Q

I 11 III v \*Hv‘e.lmert
I‘ = <.01 <.01  >.05 0.02
11 - >.05  0.05 >.05
I11 - <.01 <.01
v -
e
p .05
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APPENDIX H

Results of the Two-Way MANOVA
| with Repeated Measurges

" on Group Differences
')"f‘or Individual Variables

B
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Table 9

Mean'Group Effects and

Mean Occasion Effecté

for Individual Variables

*Mean Group

4

- #¥Mean Occasion

critical F = 4.35

153

- Effect . Effect
‘Variagble » _F F D

1 . 26.63 .01 6.78 0.02

2 22.55 .01 1.11 >.05

3 16.13 .01 9.49 <.01
| b 21.61 .01 34.60 <.01

5 14.35 .01 34.61 <.01

6 0.75 | 05 2.9 >.05

v 10.30 .01 13.58 <.01
8 5.77 .02 9.90 <.01

9 1.39 ) .05 7.50 0.01

P <.05

* - ar = 3, 20

critigal F=3.10
*% af = 1, 20
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e 1l

lHelmert.Contrast and Pair-wise Contrast
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for Variabl
" § o
qréup 11 ;II f;jg _*Helmert
1 <.0l <.01 .05 <}Oi
II - 0.04 .Ol’ <.01
IIT (e o1 <.o1
Iv -

P =<

*Helmert contrast is group n versus the-
average of the remaining n-1 gpoups:;

—

o

.05
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Table ll'

Helmert Contrast and Pair-wise Contrast

for Variable 2

>
Group I ii 111 IVi *Helme;?
I | o - <.01 | <01 .05 <.01
II , | . < <ol <.01
15 S - - " <01 <01
v _
p =.05

*Helmert contrast is group n versus the

average of the remaining n-1 groups.
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Table 12

Helmert Contrast and Pair-wise Contrast

;@2;‘ " for Variable 3
Group ‘ 1 11 IT1 IV ¥Helmert
1 - <.01  <.01 ».05 <.01
11 - 0.01  <.0l <.01
I - <.01 <.01
v -
p £.05

#*Helmert contrast is group n versus the -

average -of the remaihing n-1 groups.
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Table ’

Helmert Contrast and Pair-wise Contrast

for Variable 4

Group. I IT -JIT IV . *Helmert
1 | - <.0l 0.02 0.02 >.05
II ‘ | _ 0.01 ¥.01 <.01 .
1 | . <.01 <.01
Iv _ 3 . | -
P =.05 .

¥Helmert contrast is group n versus the

average of the remaining n-1 groups .
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Table 14

Helmert Contrast’ and Pair-wise Contrast

for Variable 5

Group 1 11 III | IV *Helmert
1 - >.05 0.01  <.0l | >.05
1T | - © <.01  <.01 <.01
T o . >.05 ~ >.05
v ;

p £.05

*Helmert contrast is.group J versus the

average of the remaining n-1 groups.



Table 15

-Helmert Contrast. and Pair-wise Contrast

.. for Variable 6

=
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Group I 1T I1I TV *Helmert
I - >.05 >.05 >.05 >.05
1 - >.05 - &.‘05 >.05
. | \
II1 - >.05 >.05
Iv . o S
p'S.O5

#Heimertwébntrast is group n versus the

average of the remaining n-1 groups.

'

%



Table 16

Helmert Contrast and Pair¥wise Contrast'

for Variable 7

Group : 1 IT 111

160

IV *Helmert
i
I - <-Ol <.Ol >u05 <-Ol
11 R ﬁ’ '>.05 0.03 >.05
N o
IIT - - <.01 <.01
1V _
p =£.05

L

¢

*Helmert contrast is group'n versus the

average of -the remaining n-1 groups.
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Table 17

Helmert Coptrast and Pair-wise Contrast

for Variable»B

Group I IT 111 Iv *Helmert

I - <01  <.01 >.05 <.01
11 | - >.05 O'OL?'  >.05
111 " - >,05 ’ >705
v T | ) _

- p £.05

- ¥Helmert contrast is group n versus the

average of the remaining n-1 groups.
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Table 18
Helmert Contrast and Pair-wise Contrast

for Variable 9 ' !

Group I IT 11X IV __*Helmert
1 | - >.05 >.05  ».05 >.05
II - >.05 >.05 >.05
111 | - >.05 >.05
Iv ’ - )

D £.05

*Helmert contrast is group n versus the

average of the remaining n-1 groups.
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;MANOVA‘ Interaction Effects
For Variables 1 to 5 and 6 to 9
| Taken Simultaneously
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IR . Table 19

3 Interactién Effects
fqr(Variables 1 to 5

(R

' - Interaction Effect
Group L . P . *F-ratio

T
§

Al1 groﬁps ' 0;63-'. . 2.11
| i’VS.XF:‘ | >.05 - S 1.0
I vs III B . >.05 0.96 -
TvgIv . <.01 Ot sus
I vs iII | . o >;o54 S o§98
IT vs IV S <_‘ ' 0.03 R 3.50
IIT vs IV .« - e 7.70

/

* All groupg
ar-1s, 39 -
ériﬁigial,F ;/1.93‘(inE;rpolateq)"
y ) | o y
‘-.\ . ‘. . .
‘* Pairs of groups = o ' .
©af= s, ' R
:  ncrifiéélfFv='2d96 e  _ I
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Group

interaction Effects

for Variables 6 to 9

Table 20

Interaction Effect

p
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ALl

-

I1I
11

ITI

S

groups

VS
Vs
ve

Vs

vs

vs

11

IIr
Iv

I1T

IV

IV

* A1l groups
S df = 12, 4o

critical F

~

>.05.

>,05

. >.05

L4

2.00,

* Pairs of groups

af = 4, 15
. .

critical F

3.06

>.05
w.05

>.05

>.05
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APPENDIX J

Interaction Effects on
Individual Variables

1l to 5

]
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 Table 21

Interaction Effects on

Individual Variables

1O/

)

1 to 5
. - Interaction Effect
Variable - Group P ' *F-ratio.
1 A1l groups >.05 0.80
2 All groups >.05 2.29
3 A1l groups .05 1.30
L A1l groups = 0.01 L.7h
CIve 1 >.05 0,99
0,02 7.20
<.01 11.98
>.05 2.20
0.04 L.89 .
; ' >.05 '0.53
f 5 0.01 4.9k
>.05 3.1
0.01 7.46
<.01 14.08
>.05 041
) >.05 2.56
IIT vs IV >.05 1.15
ﬁylf5-05 l
| *All groups ’ ‘ " *Pairs of groups
Aft=’3, 17 | | af = 1, 17
critical F = 3.20 o critical F = 4.45



