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Abstract

Introduction. The purpose of this study was to examine newromuscular activation and ratings of perceived
xertion (RPE) at 10 % and 80 % quadriceps MV C in healthy males.

Methods. Seventeen college-aged volunteers (mean age = 22.6 years, mean height = 178.9 em, mean
weight = 78.8 kg) were assessed for isometric EMG activity of the vastus mediglis (VM) and vastus
ateralis (VL) at 10% and 80 % MVC, and RPE at 80 % MVC. Perceived exertion was measured with a
- modifiec category ratio scale (CR-10) and was anchored with 1 high and I low anchor. Raw EMG signals were
sampled via telemetry (rate = 1,000 Hz) and integrated (3 sec) for each contraction for each muscle
- (bandpass = 16-500 Hz, CMRR = [30 dB). A one-sample t-test was performed for each variable and 95 %
- confidenice intervals were calculated.

Results. Means and CI for each variable are as follows: 10% MVC VM IEMG (tis = 3.05, p < 0.001,
S 95 CI=3.11+1.3), 80% MVC VM IEMG (1;5= 2251, p <0.001, 95 CI =73.2+6.89),10% MVC VL
CJEMG (t15=8.10, p< 0001, 95 CI=941+247), 80% MVC VL IEMG (15 = 39,56, p < 0.00],
95 Cf = 87324+ 468 ), and 80 % MVC RPE (115 = 1185, p <0.001, 95 CI= 5.24+£0.93).

Discussion. The major findings illustrate an apparent underestimation of RPE at 80% MV C for the
- quadriceps. Neuromuscular activation appears to be lower than the expected force output at both intensities Jor
© the VM while VL activation corvesponded closely ar 10% MVC and was higher at 84% MVC.

- Key-words: Electromyography — Torgue — Confidence interval — RPE.

Introduction

The ratings of perceived exertion (RPE) scale
has been carried out repeatedly to detect and
interpret sensations arising from the body during
physical exercise (9). The development of the
category-ratio scale (CR-10) by Borg(l) was
founded on the notion to improve previously
developed scales as well as meeting the criteria of
a “very simple scale” (9). Although the CR-10 scale
has been used clinically and in research settings, the
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assumption that this scale closely parallels muscle
activation lacks conclusive evidence (3, 5, §, 10).
The validity of the CR-10 scale was established
by Noble et al. (10) who found that an increase in
RPE during cycling exercise corresponded 1o
increases in blood and muscle lactate. The applica-
tion of the CR-10 scale during isokinetic quadriceps
contractions was performed by Douris (3), and
showed that during exhausting exercise, RPE was
not affected by movement velocity. During sub-
maximal isometric contractions to fatigue in the
elbow flexors, Miller et al. (8) found that RPE was
higherin patients with fibromyalgia as compared to
controls. The use of the CR-10 scale in these
investigations, although well justified, appear to
rely on the previously stated assumption regarding
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muscle activation. Hasson et al. (5) demonstrated
that an increase in RPE during a sustained 50 %
isometric MVC of the handgrip muscles to fatigue
occurred with a concomitant increase in root mean
square (RMS) EMG and a decreasc in mean
frequency. The results obtained from Hasson et
al. (5) has established the need and potential for
determining neuromuscular activation at varying
levels of contraction. At this point, an important
question arises: in a research or clinical setting, can
it be estimated and quantified with a degree of
certainty or confidence that neuromuscular activa-
tion and RPE correspond to force levels? It was
therefore, the purpose of this study to examine
neuromuscular aciivation of the quadriceps at low
and high contraction intensities (10% and 80 %
MVC, respectively) and to measure RPE at 80 %
MVC.

Materials and methods
Subjects

Subjects for this study consisted of 17 healthy,
college aged male volunteers (mean age = 22.6
+ 2.85 years, mean height = 178.9 + 5.3 ¢m, mean
weight = 78.8 £ 9.5 kg). All subjects were physi-
cally active but had not actively taken part in 2
resistance training program for the lower extremity
at least 6 montihs prior to the study. Individuals
with a history of cardiovascular disease, hyperten-
sion, or orthopedic pathology were excluded from
participating in this study. All subjects provided
written informed consent as approved by the
Biomedical Institutionai Review Board at the
University of Pittsburgh. All subjects were assessed
for isometric EMG of the quadriceps at 10 % and
80% of their maximal voluntary contraction
(MVC) as well as RPE at 80 % MVC.

Measurement of isometric torque

Isometric orque was measured with the Biodex
System IT Isokinetic Dynamometer (Biodex Medi-
cal Inc., Shirley, NY). Subjects were placed in a
comfortable, upright seated position on the Biodex
Accessory chair and were secured using thigh,
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pelvic, and torso straps in order (o minimize
extraneous body movements. The lateral femoral
epicondyle was used as the bony landmark for
matching the axis of rotation of (he knee 1oint with
the axis of rotation of the dynamometer resistance
adapter. Once the subject was placed in 1 position
that allowed for a comfortable and ymestricted
motion for knee extension and flexion from i
position of 90 degrees of flexion to terminal
extension, the following measurements were taken:
seat height, seat inclination, dynamometer head
height, and resistance pad level. These measures
were recorded and stored in the Biodex Adva ntage
Software program, version 4.0, (Biodex Medical
Inc., Shirley, NY) in order to standardize the
testing position for each individual subject. Gravity
correction was obtained by measuring the torque
extended on the dynamometer resistance adapter
with the knee in a relaxed state at terminal
extension. Values for isometric torque were auto-
maticaily adjusted for gravity by the Biodex
Advantage Software program. Calibration of the
Biodex dynamometer was performed according to
the specifications outlined by the manufacturer’s
service manual. During measurement of maxintal
isometric torque, each subject was required to fold
their arms across their chest and were given verbal
tncouragement as well as visual feedback from the
Biodex monitor in an attempt to achieve a maximal
effort level (4, 7). All procedures, and verbal
encouragement were administered by the same
investigator for all subjects,

Measurement of perceived exertion

Perceived exertion was measured with a mod-
ified category-ratio scale (CR-10) as developed by
Borg (1) (Fig. 1). The use of this scale has been
previously found to correlate positively  with
increasing levels of lactate accumulation and has
been suggested that qualitative changes in motor
unit recruitment may be perceived (10). Although
studies have evaluated perceived exertion during
strength training exercises with a CR-10 scale,
anchoring the perceptual range has not been
utilized (3, 3, 8).

In order to provide the subjects in the present
study with a context through which sensation
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Fig. 1. — Modilied category ratio scate (CR-10) for measuring
RPE.

intensities can be evaluated, 1high and 2 Jow
anchors were applied under isomefric condi-
tions (9). While seated in the Biodex dynamometer
chair, the subjects were asked to sit quietly and to
“think about the feelings in their guadriceps and to
assign a rating of 0to those feelings™. Subjects were
then asked to perform a maximum voluntary
isometric contraction {MVC) of their quadriceps
with their knee set at an angle of 60 degrees of
flexion. This specific knee angle has been demon-
strated to pgenerate maximal active quadriceps
tension {14, 135). All subjects were provided
2-3 sub-maximal followed by 2 maximal familiar-
ization trials. Subjects were asked to contract their
quadriceps as hard as they could and to maintain
this contraction for § seconds. Prior to the contrac-
tion, subjects were asked to “think about the

feelings in their quadriceps at the end of the
contraction and to assign a rating of 10 to those
feelings”. Following a brief’ period of volitional
recovery (1-2 min) subjects were asked to contract
isometrically at an intensity equivalent to 10% of
their individual MVC for § seconds. Subjects were
asked to match a horizontal line on the Biodex
computer momnitor that corresponded to this in-
tensity. Prior to this contraction, subjects were
asked to ““think about the feelings in their quad-
riceps at the end of the contraction and to assign a
value of 1 to those feelings™. Following another
brief period of volitional recovery, subjects were
then asked to contract isometrically at an intensity
equivalent to 80 % of their individual MVC for
5 seconds. Prior to the contraction, subjects were
asked to “‘think about the feelings in their quad-
riceps at the end of the contraction and rate those
feelings out of 10”. All ratings were performed
while the subjects visnally observed the CR-10 scale.

Measurement of newromuscular activation

Newromuscular activation  was  measured
through the use of surface electromyography for
the vastus medialis (VM) and vastus lateralis (VL)
muscles. Bi-polar circular  surface electrodes
(Ag/AgCl)y were placed on the appropriate muscles
with an inter-clectrode distance of 1.5 cm. Prior to
electrode placement, the arca was shaved, cleaned
with isopropyl aleohol and abraded in order to
reduce skin impedance. Skin resistance was mea-
sured with an Ohm meter, and values below
2 kOhms were accepted. Electrode placement for
the vastus medialis was 20% of the distance from
the medial joint linc from the knee to the anterior
superior ilias spine (18). Electrode placement for
the wvastus lateralis muscle was the midpoint
between the head of the greater trochanter and
the lateral femoral epicondyle (6). The reference
electrode was placed over the medial shaft of the
tibia approximately 6-8 cm below the inferior pole
of the patella., EMG activity was collected and
recorded wia telemetry by an 8§ channel FM
transmitter and differential amplifier (Noraxon
Telemyo, Noraxon Inc., Scottsdale, AZ}Y worn by
the subject in a beltpack. EMG signals were
sampled at a rate of 1,000 Hertz and broadcast to
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a FM recetver where they were bandpass filtered
(16-500 Hz) and underwent analog to digital con-
version by a 16 bit A-D board interfuced to a
Pentium microprocessor (Compaq Presarie). Fol-
fowing full-wave rectification of the raw signals,
EMG activity was integrated (IEMG). The IEMG
area (uV-s) was calculated by the Myosoft Software
program (Noraxon Inc., Scottsdale, AZ) during the
duration of the sub-maximal isometric quadriceps
test. EMG signals collected within the first and last
sccond of each isometric test were not used for
analysis because of knee movement that may have
occurred at the mitiation and completion of the test.
Therefore a 3 sec window of [EMG signals were
calculated For analysis. Integrated EMG measure-
ments have previously demonstrated high reliability
of cocfficients for the vastus medialis and vastus
lateralis muscles ranging from r = 0:92 to r = 0.94
and r =077 to r = 0.84, respectively (12, 16).

Statistical analysis

Isometric [EMG activity for each muscle at
1 % and 80 % MVC were calculated and expressed
as a percentage of the IEMG at 100% MVC. A
one-sample t-test was performed on each variable
to calculate confidence intervals (95 %) in order to
gstimate the relative range of neuromuscular
activation at 10% and 80 % MVC and perceived
exertion at 80 % MVC.

Results
Means, standard deviations, standard errors of

the mean and 95% confidence intervals (CI) are
presented in Table 1. 95% confidence intervals

demonstrate an underestimation of TEMG for the
VM at 10% and 80% MVC and RPE at 80%
MVC. The results also appear to demonstrate an
overcstimation of TEMG activity for the VL. at
80% MVC.

Discussion

The present investigation attempted to establish
the level of neuromuscular activation and RPE at
low and high isometric intensities. Through the
application of high and low anchors, subjects were
provided with a reference to which sensations can be
compared and evaluated (10). The major findings of
the current study demonstrate an “‘underestima-
tion” of RPE (mean = 5.23) at 80 % MVC. It also
appears evident that at 10 % MVC, the VM and VL
were activated at levels of 3.11% and 9.4%,
respectively, of the IEMG during a 100% MYC.
Furthermore, at 80 % MVC, neuromuscular activa-
tion of the VM was lower than the expected force
output {73.23 %) while the VL was higher (87.23 %o}.

Sensations arising during muscle contractibns
have been hypothesized to originate via feedfor-
ward and feedback mechanisms. The feedforwhrd
mechanism involves the simultaneous transmission
of a copy of neural commands from the motor
cortex to the somatosensory cortex (corollary
discharge) (2). A feedback mechanism has also
been proposed where afferent inflow from muscu-
lotendinous and articular mechanoreceptors <lnd
chemoreceptors transmit information regarding ‘the
state of the muscle contraction (2, 11, 13). In
regards to RPE measures in the current investiga-
tion, it is hypothesized that the feedforward
mechanism may be primarily responsible for sensa-
tion perception. This notion is formulated on 'the

Table |~ One sanple -test awd 935 % confidence intervals (95 CI) results for vastus medialis (VM) and vastus lateralis ¢ VL)
TEMG at 10 % andd 80 % MVC and rating of perceived exertion ( RPE} at 80 % MVC

Variable Mein (%) SD SDERR g 95 C1
VM 10% MVC LNy 2.54 0.62 505 1.80-4.41
VM 80% MVC 73.23 13.41 325 2251 66.34-80.13 ;
VL 10% MVC 9.41 4.7 116 8.10 6.95-11.88 |
VL 80 % MVC 87.32 9.10 221 39.56 82.64-91.99
RPE 80 % MVC 5.2 1.82 0.44 185 4.30-6.17
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fact that the short duration of the contraction
utilized in this study (5 see) did not result m an
appreciable accumulation of metaboiic end pro-
ducts. [n comparison, a fatiguing contraction may
alternatively result ina “shifl™ towards a combined
leedforward and feedback mechanism where affer-
ent impulses are compared to the corollary dis-
charge and appropriate adjustments 1o motor
outflow arc made (2}

The findings from this study also show that ata
low contraction intensity (10 % MVC), relative VM
activation is lower than the force output whereas
WL activation is more closely approximated with
force. Interestingly, though, VM activation is stili
less than the force output at 80 %6 MVC by
approximately 7 % where VL activation is greater
than force by the same magnitude (approximately
7 %). These results demonstrate two significant
implications: 1) at low contraction intensities,
neuromuscular activation appears to be more
cfficient at achieving an expected force output,
and 2) at high contraction intensities, the uni-
articular VM and VL muscles appear to “balance”
each of their relative contributions to achieve the
force output. Although both linear and non-linear
relationships have been demonstrated between
EMG and force during isometric contractions, the
ultimate influence on this relation is suggested to be
the range and pattern of motor unit discharge (17).
Such an explanation to support the present f{ind-
ings, however, may be presumptuous,

The CR-10 scale may be a usefui tool in both the
clinical and research settings for evaluating per-
ceived exertion. Currently, however, studies apply-
ing this scale have done so without an appropriate
anchoring procedure (3, 5, 8). Even though this
procedure was applied in the current investigation,
RPE did not correspond with the relative force
output (80% MVYC). As a consequence, future
utilization of this scale should be done so with
caution as well as with an undersstanding of the
feedforward and feedback mechanisms contribut-
ing to RPE (2).

Summary

The present investigation demonstrates the
relative range in which neuromuscular activation

of the YM and VL muscles occur at fow and high
exercise intensities, as well as RPE at 80 % MVC.
The underestimation of RPE illustrates a significant
issue regarding the use of this scale during isometric
contractions. The relative contribution of feedfor-
ward and feedback mechanisms to perceived exer-
tion may be a function of other factors not
evaluated in the current study. It is suggested that
future investigations attempt to identify RPE
responses during prolonged contractions to exam-
ine the role of fatigue on these measures. Such an
approach may better define the relative roles of the
previously stated mechanisms contributing to per-
celved exertion.
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