Downloaded from www.jospt.org at on December 10, 2021. For personal use only. No other uses without permission.

Copyright © 1994 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

RESEARCH

SRR DY

Effects of Electrical Stimulation or Voluntary
Contraction for Strengthening the Quadriceps
Femoris Muscles in an Aged Male Population

Edith Caggiano, MS, PT'
Tracey Emrey, MS, PT?
Sandy Shirley, MS, PT’
Rebecca L. Craik, PhD, PT*

he geriatric population

has been the fastest-

growing segment of

the US population in

recent years; hence, it
has had a major impact on the health
care system. Persons age 65 and
older are estimated to comprise
more than 20% of the US popula-
tion by the year 2035 (32). Since
musculoskeletal symptoms and im-
pairments are reported to increase
with age (28), many recent studies
have investigated mechanisms under-
lying aging human skeletal muscle
(2,4,8,10-14,20-24,26-28,33). Such
research provides an increased
awareness of age-associated changes
in skeletal muscle and proposed ben-
efits for strengthening techniques to
prevent or correct musculoskeletal
impairment, subsequent dysfunction,
and loss of independence.

Both structural and functional
changes of human skeletal muscle
are reported with increased age.
Clinical impairments associated with
age-related changes in muscle in-
clude a decrease in muscle volume
and muscle strength (12,14,21,
26,33). Strength is defined as the
ability to generate torque. Mecha-
nisms suggested to account for the
loss of torque-generating capability
include replacement of muscle mass
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Since musculoskeletal impairment increases with age, it is important to determine if exercise

changes age-related muscle weakness. This study compared the training effects of electrical stimula-
tion and voluntary isometric contraction, the traditional exercise, on the quadriceps femoris in males
b5 years and older. Eighteen informed, nondisabled males, 72 + 4 years of age, participated in 12
training sessions over 4 weeks. Maximal voluntary isometric contraction (MVIC) torque was meas-
ured with a Cybex It dynamometer prior to and following training. An interclass correlation coeffi-
cient (3,1) of 0.982 demonstrated repeated reliable torque measurement. The electrical stimulation
group trained at an average of 36% of pretest MVIC; the traditional exercise group trained at an
average of 42% MVIC. Average (F = 14.06, p = 0.004) and peak (F = 14.32, p = 0.004) torque
values were increased with both modes of training. Both methods of training using a low training

load were effective in increasing torque in this older male sample. Electrical stimulation has the
same potential as traditional exercise to provide improved strength for aged males, Future research
should examine electrical stimulation in older persons with compromised ability to exercise using

traditional methods.
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with fat and connective tissue,
changes in endocrine activity, reduc-
tion in intramuscular blood flow,
and protein alteration (2,10). Collec-
tive information from studies of
neural integrity in aged human skel-
etal muscle describes a breakdown in
the denervation/reinnervation proc-
ess (8,20,23,24). Other age-related
neural alterations proposed to ac-
count for reduced ability to generate
torque are a decrease in the number
of functional motor neurons (20,23),
loss of integrity of peripheral nerve

axons and the myelin sheath (23),
muscle fiber damage, and neuromus-
cular junction dysfunction (13). Re-
gardless of the mechanism that leads
to decreased strength among the el-
derly, the loss of strength has been
associated with an increased risk of
two or more falls per year (28). Falls
are cited as the number one source
of injury-related deaths in adults 75
years and older (28).

Recent research indicates, how-
ever, that people 65 years and older
are capable of increasing strength
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(1,9,11,14). Moreover, the reported
increased strength results in im-
proved functional ability, suggesting
that appropriate strength training
may decrease the incidence of falls.
The results of these studies support
the clinical assumption that aged
muscle is mutable and has the ability
to increase strength. To date, only
traditional methods of volitional ex-
ercise have been reported in the lit-
erature for the aged population. Al-
ternative methods of strengthening,
such as electrical stimulation, may
also be useful in this population.

During recent years, investiga-
tors have examined the efficacy of
neuromuscular electrical stimulation
for strength augmentation in young,
healthy knee extensor musculature
as well as in the rehabilitation of in-
jured or surgically repaired tissues
(7,16,30). Results among studies are
difficult to compare, however, due
to methodological inconsistencies. In
addition to differences in training
periods and training intensities, dif-
ferences in calculating training inten-
sity also exist. Many studies utilize
maximal tolerated contraction for
each individual (4,5,15,17,22,25,29).
A more consistent method that al-
lows comparison is studies that use
percentage of voluntary maximal
contraction (% MVIC) (6,19).

Despite methodological discrep-
ancies in the cited results, it is gener-
ally concluded that in healthy, young
subjects, neuromuscular electrical
stimulation has effectively increased
strength (15,19,29,31). In addition,
neuromuscular electrical stimulation
has been shown to be as effective as
traditional muscle strengthening ex-
ercises (5,6,17,18,22,25).

The purpose of this study was to
determine if MVIC in older subjects
could be changed with minimal
training. A low training level of 40%
MVIC was selected to compare the
torque gains achieved using voli-
tional isometric training and electri-
cally induced isometric contraction.
Our hypotheses were as follows: sub-
jects trained using volitional contrac-
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tion at 40% MVIC would demon-
strate no increase in MVIC and sub-
jects trained using an electrically
elicited contraction that was 40%
MVIC would demonstrate a signifi-
cant increase in MVIC.

METHODS

Subjects

Eighteen healthy males, mean
age 72 * 4 years, with no reported
history of right knee pathology par-
ticipated in the study. A question-
naire was used to screen candidates
for medical contraindications, in-
cluding prior myocardial infarction,
stroke, hypertension, and deafness.

Collective information
from studies of neural
integrity in aged
human skeletal muscle
describes a breakdown
in the denervation/
reinnervation process.

A list of medications currently taken
was recorded. Participants were
given a copy of the procedure and
were urged to talk to their physicians
about participating in this study.
Each subject read and signed an in-
formed consent document. Medical
history, resting heart rate, and blood
pressure were also obtained.

All subjects were socially active
within the community and lived in-
dependently or with a spouse. A
questionnaire was used to classify in-
dividual activity into one of the three
following categories: community ac-
tive, moderate exercise, or heavy ex-
ercise. Criteria for classification as
community active was light exercise
two times per week. Moderate exer-
cise subjects exercised three times
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per week for at least one-half hour
per exercise session. The heavy exer-
cise group participated in exercise
more than three times per week for
at least one-half hour per session.

Instrumentation

Isometric torque was measured
on the Cybex Il isokinetic dynamom-
eter (Cybex, A Division of Lumex,
Inc., Ronkonkoma, NY), which was
attached to the Humac software sys-
tem (Computer Sports Medicine
Inc., Waltham, MA). The dynamom-
eter was calibrated prior to each test-
ing and training session according to
manufacturer’s specification. A pen
recorder (General Scanning Inc., Re-
corded Products Division, Arlington,
MA) was used periodically through-
out the study to record the torque
output and the shape of the contrac-
tion achieved during the training ses-
sion. The pen recorder was cali-
brated prior to each session using
standardized weights. A standard
universal goniometer (G. E. Mill,
Inc., Yonkers, NY) was used to
standardize the position of the sub-
ject’s knee, and skin markers were
used to standardize electrode place-
ment. Electrically stimulated isomet-
ric contractions were induced by the
Intelect VMS 11 (Chattanooga Cor-
poration, Chattanooga, TN), which
was examined prior to the pilot
study and weekly throughout the
training session. The output of the
stimulator was displayed on an oscil-
loscope to ensure consistency be-
tween the current reading on the
stimulator dial and actual current
output. No adjustments were ncccs-
sary. During training sessions, stand-
ardized wooden blocks were used to
support the right foot to ensure 60°
of knee flexion. Three sizes of flexi-
ble carbon rubber electrodes (Empi,
Inc., St. Paul, MN) were used with
conduction gel, including 4.5 X 10
cm, 7.5 X 12 cm,and 7.5 X 15.5 em.
The electrode size was selected
based on the size of the quadriceps
muscle group.
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Procedure

Prior to beginning the training
period, each subject was pretested to
determine an MVIC. The subjects
warmed up by pedaling at a comfort-
able speed on a stationary bicycle or
by walking up and down the hall for
5 minutes prior to testing. The ra-
dial pulse was recorded prior to
warm-up as well as during and after
the pretest.

Following warm-up, the subjects
were positioned on the Cybex I test-
ing table with the back rest in an
upright position and the right knee
placed in 60 = 5° of flexion (Figure
1). This knee position was selected to
mimic the posture used in the classic
studies that have investigated the dif-
ference between electrical simula-
tion and traditional isometric
strengthening of the quadriceps
(5,6,22). The shin pad of the Cybex
lever arm was adjusted to 2-3 inches
above the malleoli, and the axis of
the dynamometer head was aligned
through the tibiofemoral joint. Knee
position was assured by measuring
the knee angle with a goniometer.
The axis of the goniometer was
through the tibiofemoral joint. The

FIGURE 1. Positioning of subjects on the
dynamometer for pretesting and training.

stationary arm was aligned with the
greater trachanter of the femur, and
the movable arm was aligned with
the lateral malleolus. The lever arm
of the Cybex and the lower extrem-
ity were moved to a position of 60°
of knee flexion. The Cybex speed
was set at 0°/sec, and the angle of
the knee was remeasured. Standard-
ized wooden blocks were placed be-
neath the foot for support to ensure
the fixed 60° knee flexion position.
The length of the lever arm and the
number of blocks were kept constant
for each individual subject through-
out training. The blocks were used
to ensure reproducible knee posi-

Forty percent maximal
voluntary isometric
contraction was
considered a low
training dose clinically,
but the results
obtained in this study
suggest a relationship
between lifestyle and
training dose.

tion. Goniometric data collected
over three trials of four subjects in-
dicated that measurements of knee
position demonstrated intrarater re-
liability [ICC (3,1) = 0.997]. The
subject’s position was standardized
by using a pelvic strap and thigh
strap on the Cybex. A crossed-arms
position was maintained throughout
each session to minimize substitution
of unwanted muscles during the
training.

During initial testing, each sub-
ject performed three MVICs. The
subjects were instructed to gradually
build the strength of the contraction
to maximum in 2 seconds and to

maintain maximum contraction for
10 seconds. Coaching and verbal
cueing for motivation were standard-
ized. The same tester gave verbal
cues which included “begin to push;”
“push a little more;” “now push as
hard as you can;” “push, push,
push;” and “relax.” A rest period
consisting of several minutes was
taken between test trials. If the third
attempt yielded the highest torque
value, the subject was asked to re-
peat the contraction sequence until
the last torque recorded was less
than the previous one. Data col-
lected at two sessions over 1 day of
testing from four subjects demon-
strated reliable maximal torque
measurements with an 1CC (3,1) of
0.982.

Training

Subjects were randomly assigned
to one of two groups. Four subjects
dropped out after the first week of
training. Seven subjects in the tradi-
tional exercise group trained with
voluntary isometric contraction.
Eleven subjects in the electrical stim-
ulation group trained with electrical
stimulation. Both modes of training
consisted of three sessions per week
for 4 consecutive weeks. The goal of
each treatment session was to
achieve 40% of the pretest MVIC
for each of the 10 contractions. Pen
recordings monitored the quality of
the contraction; the training goal
was a smooth curve at the target
training level. The pen recordings
were used to ensure that the investi-
gators turned the current to the tar-
get level quickly and did not adjust it
during the maintained contraction.
The pen recordings were also used
to ensure that the traditional-exer-
cise-trained subjects maintained the
target level contraction throughout
the training period. Pulse was re-
corded pretraining, during the train-
ing session, and posttraining. During
the training, a pillow was placed over
the subjects’ legs to prevent viewing
the muscle contraction, and music
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was offered to increase relaxation
and decrease any anxiety. This was
done because some of the subjects in
the electrical stimulation group ex-
pressed alarm when they saw their
quadriceps contract involuntarily. It
was hoped that this method would
enable training to achieve target
level. After training sessions, subjects
were offered ice to minimize muscle
soreness.

The traditional exercise training
involved 10 voluntary isometric con-
tractions produced for 15 seconds at
the specified training intensity. The
contractions were gradually in-
creased to the training intensity over
a b-second period and were held
constant for 10 seconds. Subjects
maintained appropriate training in-
tensity by monitoring a computer
screen or dynamometer and by ver-
bal coaching. Each contraction was
followed by a 50-second rest period.

Electrical stimulation was used to
elicit a similar muscle contraction for
the electrical stimulation group. Po-
sitioning on the Cybex II was identi-
cal to that of the voluntary isometric
group. A hand-held probe was used
to identify the motor points for the
rectus femoris and the vastus medi-
alis. One stimulating electrode was
placed over the motor point of the
rectus femoris, and the second elec-
trode was placed over the motor
point of the vastus medialis (Figure
2). A 4.5 X 10-cm electrode was
placed over the vastus medialis mo-
tor point. A 7.5 X 15.5-cm electrode
was placed over the rectus femoris,
unless the two electrodes overlapped
because the thigh was too small. If
this occurred, a 7.5 X 12-cm elec-
trode was substituted for the 7.5 X
15.5-cm electrode. Electrode place-
ment was marked with a semiperma-
nent skin marker to standardize
placement. The electrodes were cov-
ered with gel, and the electrode pe-
rimeters were taped to the skin. A
biphasic symmetrical square wave-
form was delivered by the Intelect
VMS II. The phase duration ranged
from 100-113 usec. Frequency was
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FIGURE 2. flectrode placement used to elicit an electrically evoked muscle contraction in the quadriceps

femoris muscle group.

Future studies should
examine ways to
ensure a maximal

voluntary contraction

and design
performance tests that
do not mimic the
training sessions.

maintained at 25 pps unless addi-
tional current was needed to main-
tain the appropriate MVIC percent-
age; frequency was increased up to
50 pps as needed. The pulsed cur-
rent was delivered with a ramp time
of 5 seconds, a total on time of 15
seconds, and an off time of 50 sec-
onds. The current intensity was ad-
justed and maintained at the appro-
priate percentage of MVIC or to tol-
erance during each contraction.

Posttest

After completing the training
period, each subject completed a
posttest. The procedure for the post-

test was the same as the procedure
for the pretest.

Data Analysis

Two-way analyses of variance
with one repeated measure were
used to compare the torque, in Nm,
from the two training groups. The
highest MVIC peak torque achieved
pretest and posttest was the repeated
measure in one analysis. The aver-
age of three peak MVIC torques was
the repeated measure in the second
analysis. A least significant differ-
ence multiple range post hoc test ex-
amined any group differences.

Subjects were classified based on
their self-reported activity level as
community active. A linear regres-
sion, using Pearson’s product mo-
ment coefficient, was used to exam-
ine the relationship between activity
level and the percentage change in
peak torque following training.

Ancillary measurement of radial
pulse was examined using a nonpara-
metric Wilcoxon Sign test to explore
any trends between groups.

RESULTS

Peak and average MVIC torque
for each subject are found in Tables
1 and 2, respectively. Training pro-
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TABLE 1. Average of the peak torque (Nm) from
three maximal voluntary isometric contractions
{MVIC) was used prior to and following training to
compute the change score. The results for each
subject in the electrical stimulation (ES) group can
be compared with each subject in the traditional
exercise (TE) group. Training intensity is the average
dose over sessions based on pretest peak torque
MVIC.

duced a significant difference in pre-
test compared with posttest peak and
average MVIC torque (Tables 3 and
4). There was no difference, how-
ever, in the torque values between
the two exercise groups.

A Sign test was used to assess
any difference in radial pulse rate
between the electrical stimulation
and voluntary exercise groups
(Table 5). The test revealed a trend
for an increase in pulse rate during
training for the voluntary exercise
group compared with the electrical
stimulation group. There was a de-
crease in pulse rate posttraining for
both groups (p < 0.05).

Since there was no significant
difference in torque between groups,
the data from subjects in both
groups were pooled and grouped ac-
cording to physical activity level (Fig-
ure 3). There was a significant corre-
lation between activity level and per-
cent peak torque achieved following
training (N = 18, r = 0.57, p = 0.01).

26

The relationship between activity
level and percent peak torque
achieved accounted for 33% of the
variance between these two variables
(r* = 0.33).

DISCUSSION

Although many studies have
shown increases in torque produc-
tion following physical training (6),
we are among the first investigators
to report the use of electrical stimu-
lation in an older population. The
volunteers in this study tolerated
electrical stimulation well, with no
adverse side effects. Minimal train-
ing using either voluntary isometric
contraction or electrically elicited
isometric contraction changed the
MVIC produced in knee extension
in our sample of men over 65 years

. Pre  Post % % Training

Subjects \viC MVIC Change Intensity
ES

HE 182 206 13 38
ME 134 150 12 33
CA 148 155 5 38
ME 129 156 21 43
HE 183 183 0 41
ME 91 99 9 37
CA 127 137 7 23
HE 182 164 -10 40
HE 17 190 " 40
ME 200 197 =) 26
ME 152, = 81179 18 41
TE

CA 193 230 20 41
ME 163 169 4 42
CA 127 149 17 45
CA 160 167 4 42
ME 194 184 =5 41
HE 167 176 6 40
ME 186 214 15 43

TABLE 2. Subjects are classified based on previous
exercise history as community active (CA), moderate
exercise (ME), or heavy exercise (HE). The highest
peak torque (Nm} collected from three maximal
voluntary isometric contractions (MVIC) prior to and
following training is listed for all subjects. Electrical
stimulation (ES) subjects trained with electrical
stimulation; traditional exercise (TE) subjects trained
with voluntary isometric contractions. The %
change is the difference between the pretest and
posttest MVIC divided by the pretest MVIC. Training
intensity is the average dose over sessions based on
the pretest peak torque MVIC,

df FRatio Significance

Training groups 1 14.06 0.004

Strength training 1 13.98 0.004
effect

Interaction 1 0.17 0.720

TABLE 3. Results of a two-way analysis of variance
with one repeated measure using average pretest
and posttest torque values.

df FRatio Significance

Training groups 1 14.32 0.004

Strength training 1 16.33 0.002
effect

Interaction 1 0.12 0.759

TABLE 4. Results of a two-way analysis of variance
with one repeated measure using peak pretest and
posttest torque values.

Heart Rate During . .
% Change  Training Posttraining
Es—-
X —0.65 =317
SD +3.91 +3.92
TE_
X +3.63 —2.56*
SD +3.60 +2.49
*p < 0.05.

TABLE 5. Pulse rate data were normalized to
pretraining radial pulse rates because of the
variability among resting heart rates prior to training.
The means and standard deviations of % change
during and immediately following training were
averaged over subjects and sessions for the
electrically stimulated (ES) group and compared with
the volitional isometric (TE) group.

of age. The subjects in this study
demonstrated a 9% average increase
in torque posttraining. Results from
Lai et al (19), Laughman et al (22),
and Kubiak ct al (18), using similar
training levels in younger volunteers,
reported a 50, 33, and 45% increase
in torque, respectively. The results
of this study suggest that a higher
training level may be indicated for
the older person. As indicated in
Table 3, there was a 12% gain in
peak torque following training of
less active subjects who trained at
the target level compared with a 5%
gain in the subjects who continued a
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FIGURE 3. Peak torgue change following training is pooled and compared with reported pretest exercise fevel,

heavy exercise program outside the
training session.

Minimal training was defined in
our study as 10 contractions per ses-
sion, three sessions per week for 4
weeks. Forty percent MVIC was con-
sidered a low training dose clinically,
but the results obtained in this study
suggest a relationship between life-
style and training dose. A 40%
MVIC dose appeared to be a more
adequate training level for the sed-
entary volunteers, but it appeared to
be inadequate for the physically ac-
tive volunteers.

Confounding factors may ac-
count for some of the outcomes in
our study. Previous studies have
used younger subjects, and it is possi-
ble that aging muscle responds dif-
ferently to training. Another factor
1s the target training achieved for
the electrical stimulation group. It
took time for three of the subjects in
this group to reach their target level.
Although the average intensity of
the electrical stimulation group was
36%, three of the subjects did not
achieve the training level. Moreover,
one of the subjects only achieved
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26% MVIC, which was the maximal
current offered by the machine. An-
other problem encountered was the
mability of several subjects to fully
relax the muscles in the thigh. This
was evidenced by a contraction of
the hamstrings when the quadriceps
were stimulated electrically. The co-
contraction of the hamstrings af-
fected the torque reading, so the
electrical dose was not accurate. This
study also demonstrates the impor-
tance of remaining flexible with a
protocol and changing frequency,
pulse duration, or electrode size as
needed to ensure subject tolerance
and comfort.

We cannot be assured that our
subjects demonstrated a maximal vo-
litional effort. Although the tech-
nique used to elicit MVIC was relia-
ble, we did not superimpose an elec-
trically elicited twitch to ensure a
maximal voluntary contraction (3).
In addition, our reliability testing
was conducted on the same day with
a sample of the subjects. It is possi-
ble, therefore, that we did not
achieve relative testing between
days. Finally, it is possible that our

RESEARCH STUDY

subjects learned to produce a maxi-
mal contraction by the posttest.
Since we tested on the same device
used for training, motor learning
may have contributed to enhanced
posttraining performance. Future
studies should examine ways to en-
sure a maximal voluntary contrac-
tion and design performance tests
that do not mimic the training ses-
sions.

Suggestions for future research
include increasing the number of
training sessions, increasing training
doses, and monitoring heart rate and
blood pressure under more con-
trolled conditions. The preliminary
data collected on radial pulse in this
study suggest a trend for increased
pulse during exercise for traditional
isometric strength training but not
for electrical stimulation. These data
suggest that an exciting future ave-
nue of research might be investiga-
tion of the role of electrical stimula-
tion as a modality for strengthening
in patients with cardiac overload pre-
cautions for traditional strengthen-
ing programs. Future studies should
employ an electrical stimulation de-
vice that provides adequate current
to ensure that subjects reach
matched training target levels. It is
also important that future studies de-
termine if there is a correlation be-
tween changes in torque in the quad-
riceps femoris and changes in a func-
tional task.

Despite the limitations in sample
size, achieved training levels, and
lifestyle of the volunteers, results
from the current study indicate that
both modes of training were effec-
tive in producing a significant in-
crease in torque posttraining. This
research also suggests that electrical
stimulation should be examined as a
strengthening technique for older
subjects with cardiac conditions.

CLINICAL IMPLICATIONS

Electrical stimulation produces
significant strengthening of aged
muscle in the absence of volitional

27
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effort. Therefore, it may be used as

an alternative strengthening tech-

nique. The results of this study sug-
gest that it is important to assess the
prior physical activities of patients to

ensure that the strength training
program adequately stresses the
muscle 10 ensure strength gains.

Clinical application of electrical stim-

ulation may be an important inter-
vention affecting the rehabilitation

outcome of aged persons unable to
exert muscular forces due to immo-
bility weakness, orthopaedic surger-

ies, cardiovascular disease, physical
impairment, and dysfunction.
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