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ABSTRACT

The purpose of this study was to determine the effect of an
acute static stretching bout of the biceps brachii on torque,
electromyography (EMG), and mechanomyography (MMG)
during concentric isokinetic muscle actions. Eighteen (men,
n 5 10; women, n 5 8) adult subjects (M 6 SD age 5 22.7
6 2.8 years; weight 5 78.0 6 17.0 kg; height 5 177.9 6 11.0
cm) performed maximal isokinetic (30 and 2708·s21) forearm
flexion strength testing on 2 occasions while EMG and MMG
were recorded. Subjects were randomly assigned to stretch-
ing (STR) or nonstretching (NSTR) protocols before strength
testing. Two-way ANOVAs with repeated measures revealed
significantly (p # 0.05) greater torque for NSTR (M 6 SEM
5 36.9 6 3.3 N·m) vs. STR (35.2 6 3.3 N·m), significantly
greater MMG amplitude for STR vs. NSTR for 308·s21 (STR
5 93.5 6 14.4 mV; NSTR 5 63.1 6 10.6 mV) and 2708·s21

(STR 5 207.6 6 35.6 mV; NSTR 5 136.4 6 31.7 mV), and
no difference in EMG amplitude. These results indicate that
a greater ability to produce torque without prior stretching
is related to the musculotendinous stiffness of the muscle
rather than the number of motor units activated. This sug-
gests that performing activities that reduce muscle stiffness
(such as stretching), may be detrimental to performance.
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Introduction

Stretching is commonly included as part of the
warm-up routine with the principal intent to pre-

vent injuries and improve muscular performance. Re-
cent research has indicated that acute static stretching

of a muscle prior to maximal muscular performance
may negatively impact strength production for iso-
metric (7), isotonic (11), and isokinetic (12) muscle ac-
tions. Hypotheses attempting to explain the deleteri-
ous affects of acute stretching include reduced stiffness
of the musculotendinous unit, resulting in a less effec-
tive transfer of force from the muscle to the lever (11,
16) and/or greater autogenic inhibition, and therefore,
fewer motor units activated in a stretched muscle (2,
10, 14, 15).

Mechanomyography (MMG) and electromyogra-
phy (EMG) may facilitate a more thorough examina-
tion of these hypotheses. MMG is the recording of the
muscular vibrations produced by active muscle (3, 4,
8, 13) and Barry and Cole (3) have suggested that the
MMG signal can be used ‘‘. . . as a monitor of muscle
stiffness.’’ A study by Orizio et al. (13) supports this
contention in which they reported that, during iso-
metric muscle actions of the biceps brachii, a high level
of torque production, and therefore a stiffer muscle,
resulted in decreased MMG amplitude values when
compared with lower levels of torque production. It
was suggested (13) that the reduction in MMG ampli-
tude may have been due to reduced muscle compli-
ance. Nevertheless, previous studies have not reported
the use of MMG to study stretching-related decre-
ments in muscular performance and its relationship to
musculotendinous stiffness. In addition, few studies
(7) have shown that the number of motor units and
the level of muscle activation, as measured by EMG,
is reduced during maximal muscle actions of a
stretched muscle. Given that Gordon and Holbourn (9)
have stated that MMG reflects the ‘‘mechanical coun-
terpart’’ of motor unit electrical activity as measured
by EMG, simultaneous measurements of these signals
may provide information about the effect of stretching
on the mechanical and electrical events leading to
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muscular contraction. Therefore, the purpose of this
study was to determine the effect of acute static
stretching of the biceps brachii on torque, EMG, and
MMG during concentric isokinetic muscle actions.
Based on past research, we hypothesize in the present
study that there will be reduced torque, decreased
EMG amplitude (due to greater autogenic inhibition),
and greater MMG amplitude (indicating less muscle
stiffness) in the stretched vs. nonstretched biceps bra-
chii muscle.

Methods
Experimental Approach to the Problem
Although investigators have proposed that stretching
has a detrimental effect on maximal torque production
by i) reducing the number of motor units activated and
ii) decreasing muscular stiffness, no previous studies
have conclusively determined that these 2 factors are
affected during muscular performance. In this study,
we wanted to measure the effect of stretching on the
degree of muscle activation (using EMG) and muscle
stiffness (using MMG) in an upper-body muscle dur-
ing maximal dynamic torque production. Thus, we
measured the strength, EMG, and MMG in a stretched
vs. nonstretched muscle during concentric isokinetic
muscle actions of the biceps brachii.

Subjects
Eighteen college-aged (M 6 SD age 522.7 6 2.8 years;
weight 5 78.0 6 17.0 kg; height 5 177.9 6 11.0 cm)
men (n 5 10) and women (n 5 8) participated in the
study. The study was approved by the Institutional
Review Board of the college, and each participant com-
pleted a health-history questionnaire form and signed
an informed consent prior to testing. The subjects were
volunteers from exercise science courses at the college
and all subjects indicated on the health history ques-
tionnaire meeting the minimum requirements for a
moderate level of aerobic activity as classified by the
American College of Sports Medicine (1) on a regular
basis (at least 3 times a week). In addition, 9 of the
subjects reported that they had been participating in
a recreational weight-training program with no indi-
cation of a history of competitive weightlifting.

Strength Testing Protocol
Each subject performed maximal isokinetic forearm
flexion strength testing with the nondominant arm on
2 occasions separated by at least 48 hours while EMG
and MMG were recorded. The isokinetic torque was
measured on a calibrated Cybex II dynamometer at 2
different velocities (30 and 2708·s21) with the subjects
in a supine position on the Cybex II upper-body ex-
ercise table. Prior to testing, subjects were randomly
assigned to either a stretching (STR) or nonstretching
(NSTR) protocol. Three maximal muscle actions were
then recorded at each velocity and the highest torque

at each velocity was used for analysis. Subjects were
instructed to perform maximally during the forearm
flexion phase and relax during the forearm extension
phase. Two minutes of rest were allowed between test-
ing at each velocity.

STR and NSTR Protocols
The STR protocol was based on the stretching regimen
conducted in the investigation of Nelson et al. (12) and
consisted of 3 different static stretches designed to tar-
get the forearm flexor muscle group of the nondomi-
nant arm. Stretches consisted of i) placing the palm of
the hand on a table with the glenohumeral joint ex-
ternally rotated and the fingers directed posterior, ii)
the arm horizontally abducted with the palm flat
against a wall while applying resistance with the sub-
ject standing erect, and iii) a researcher actively
stretching the subject’s nondominant arm to a hori-
zontally abducted position with the thumbs pointed
toward the floor and the shoulder internally rotated at
a point in which the subject indicated they had
reached their full range of motion. Each stretch was
held for 30 seconds and was repeated 4 times with 15
seconds between stretches. For the NSTR protocol,
subjects did not stretch or perform physical activity
prior to strength testing.

EMG
A bipolar (7.62 cm center-to-center) surface electrode
(Quinton Quick Prep Ag-AgCl chloride, recording di-
ameter 5 1.5 cm; Quinton, Bothello, WA) arrangement
was placed over the nondominant biceps brachii mus-
cle. The interelectrode distance was selected to accom-
modate the MMG sensor. The recording electrodes
were placed over the belly of the muscle approximate-
ly midway between the axillary fold and the midpoint
of the cubital fossa. The reference electrode was placed
over the volar arch. Interelectrode impedance was kept
below 5,000 ohms by abrasion of the skin. The EMG
signal was amplified (gain: 31,000) using a differential
amplifier (EMG 100, Biopac System, Inc., Santa Bar-
bara, CA). To assure consistent placement of the elec-
trodes throughout the study, a permanent marker was
used on the skin to outline the electrodes.

MMG
The MMG signal was detected by a piezoelectric crys-
tal contact sensor (Hewlett-Packard, Andover, MA;
model #21050A; bandwidth 0.02–2,000 Hz) that was
placed over the biceps brachii between the two EMG
electrodes. A stabilizing ring, double-sided adhesive
tape, and paper tape were used to ensure consistent
contact pressure of the sensor.

Signal Processing
The amplitude values (rms) were calculated for a time
period (2.00 seconds and 0.22 second for 30 and
2708·s21, respectively) that corresponded to a 608 range
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Table 1. The mean (6SEM) torque, EMG amplitude, and
MMG amplitude values for the stretching (STR) vs. non-
stretching (NSTR) protocols.

STR NSTR

Torque (N·m)
308·s21

2708·s21

49.5 6 4.1
20.9 6 2.5

50.4 6 4.1
23.4 6 2.5

EMG (mV)
308·s21

2708·s21

925.1 6 81.0
784.9 6 90.1

1,018.2 6 107.6
895.0 6 77.3

MMG (mV)
308·s21

2708·s21

93.5 6 14.4
207.6 6 35.6

63.1 6 10.6
136.4 6 31.7

of motion from approximately 60–1208 of flexion at the
elbow. The muscle action with the highest peak torque
was used as the representative score for both EMG and
MMG at each velocity. When selecting the EMG signal,
the corresponding MMG signal was automatically se-
lected so that the analyzed EMG and MMG signals
were of the same time frame. The EMG and MMG
signals were filtered at 10–500 and 5–100 Hz, respec-
tively, and sampled at 1,000 points per second. Previ-
ous test-retest reliability from our laboratory for
torque, EMG amplitude, and MMG amplitude during
maximal CON isokinetic muscle actions indicated that,
for men and women subjects measured 48 hours apart,
the intraclass correlation coefficients (R) were in the
ranges of 0.87–0.93, 0.97–0.99, and 0.80–0.92, respec-
tively, with no significant differences between mean
values for test vs. retest at velocities ranging from 30
to 3008·s21.

Statistical Analyses
Separate 2 (velocity 5 30 and 2708·s21) 3 2 (protocol
5 STR and NSTR) ANOVAs with repeated measures
were used to determine differences in torque, EMG
amplitude, and MMG amplitude. An alpha of p # 0.05
was considered statistically significant for all analyses.

Results
Table 1 displays the mean torque (N·m), EMG ampli-
tude (mV), and MMG amplitude (mV) data (6SEM)
for STR vs. NSTR at 30 and 2708·s21.

Torque
There was no significant 2-way interaction but a sig-
nificant main effect for protocol and velocity. On ex-
amination of the mean values, the results revealed sig-
nificantly (p , 0.05) greater torque for NSTR (M 6
SEM 5 36.9 6 3.3 Nm) compared with STR (35.2 6
3.3 N·m) collapsed across velocity and for 308·s21 (50.0
6 4.1 N·m) compared with 2708·s21 (22.2 6 2.5 N·m)
collapsed across protocol.

EMG
The 2-way ANOVA revealed no significant interaction
or main effects, indicating that there was no change in
EMG amplitude as a result of the stretching protocol.

MMG
The results revealed a significant protocol by velocity
(2-way) interaction. Subsequent analyses included
paired t-tests for each velocity for STR vs. NSTR. The
results indicated significantly greater MMG amplitude
for STR vs. NSTR for 308·s21 (STR 5 93.5 6 14.4 mV;
NSTR 5 63.1 6 10.6 mV) and 2708·s21 (STR 5 207.6
6 35.6 mV; NSTR 5 136.4 6 31.7 mV). These results
represented 34.3 and 32.5% declines in MMG ampli-
tude from STR to NSTR for 270 and 308·s21, respec-
tively.

Discussion

Nelson et al. (12) have indicated that ‘‘the deleterious
impact of stretching activities on maximal torque pro-
duction might be limited to movements performed at
relatively slow velocities’’ during concentric isokinetic
muscle actions of the knee extensors. The impact of
stretching on maximal torque production was not ve-
locity specific in the present study in that stretching
hindered the full capabilities of the biceps brachii at
both a slow (308·s21) and fast (2708·s21) velocity. The
reason for the contradictory findings between those of
Nelson et al. (12) and the present study is not known,
but may be a function of the muscle group (upper
body vs. lower body) studied.

The results of the present study support our hy-
pothesis and are in agreement with previous investi-
gations (7, 11, 12) that reported stretching negatively
impacts the torque-producing capabilities of a muscle.
The reasons given for this phenomenon have been
largely attributed to two factors: i) less musculoten-
dinous stiffness and ii) a reduced ability to recruit mo-
tor units. With regard to musculotendinous stiffness,
e.g., Wilson et al. (16) used an oscillation technique
during isometric bench press muscle actions and dem-
onstrated that less musculotendinous stiffness, like
that observed in a stretched muscle, may interfere with
the ability to transfer force from the muscle to the skel-
etal system. In addition, Wilson et al. (16) suggested
that a less stiff muscle should conceivably create a less
than optimal length and velocity condition. More spe-
cifically, these investigators (16) stated that a stiffer
musculotendinous unit should result in ‘‘a greater
length of the contractile component and a reduced
contractile component shortening velocity,’’ which ul-
timately enhances the force-velocity and length-ten-
sion relationship, resulting in greater torque produc-
tion. Furthermore, investigators have hypothesized
that a reduction in torque due to stretching may be a
function of greater autogenic inhibition and a de-
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creased ability to recruit motor units. This hypothesis
is based on investigations (2, 10, 14, 15) that have re-
ported a decrease in muscle activation and excitability
during stretching as measured by the Hoffman reflex.
Although these hypotheses have been put forth to ex-
plain the detrimental affects of stretching on muscular
performance, to our knowledge, only one study (7) has
attempted to quantify the degree of muscle activation
and the level of musculotendinous stiffness in a
stretched vs. nonstretched muscle during maximal
torque production. In the present study, we employed
2 techniques, EMG and MMG, to examine these fac-
tors.

Although it has been hypothesized that stretching
a muscle results in a reduced activation level, it is not
clear as to how long the depression in motor neuron
excitability may persist after stretching, what type of
stretching protocol may elicit the reduction, and/or
whether stretching-induced autogenic inhibition
would carry over during actual muscular performance.
If in fact stretching does have sustainable affects on
muscle activation, we hypothesized in the present
study that there would be greater EMG amplitude for
NSTR vs. STR. The results of the present study did
not support our hypothesis in that there was no re-
duction in muscle activation with stretching as evi-
denced by the nonsignificant difference in EMG am-
plitude for STR vs. NSTR. These results are not in ac-
cordance with Fowles et al. (7), who measured the
EMG during maximal isometric muscle actions of the
plantar flexors 5, 15, 30, 45, and 60 minutes after pro-
longed stretching (30 minutes total) and found that
muscle activation was depressed immediately posts-
tretching but recovered within 15 minutes. In the pre-
sent study, the isokinetic muscle actions were per-
formed approximately 5 minutes after stretching (to
allow time for placement of the electrodes and sensor)
and yet the EMG amplitude was not different between
STR and NSTR. It is difficult to compare the present
study with that of Fowles et al. (7), however, given that
the length and intensity of the stretching protocol was
not similar. In fact, these investigators (7) acknowl-
edged that the duration of stretch performed in their
study was more similar to the stretching protocols
used in animal experiments and, therefore, ‘‘may have
limited application to sport stretching performed in
conjunction with athletic performance.’’

Previous studies have indicated that a stiffer mus-
cle may possibly attenuate muscular vibrations and re-
sult in lower MMG amplitude values while a more
compliant muscle would result in reduced stiffness,
increased muscle fiber oscillations, and greater MMG
amplitude (3, 5, 6, 13). Thus, we hypothesized in the
present study that there would be greater MMG am-
plitude for STR (reduced stiffness) when compared
with NSTR (greater stiffness) during maximal torque
production. The results of the present study support

our hypothesis in that there was greater MMG ampli-
tude for STR vs. NSTR at both fast and slow velocities.
These findings are in agreement with previous inves-
tigations (11, 12) in which the researchers concluded
that a greater ability to produce torque without prior
stretching is related to increased musculotendinous
stiffness of the muscle.

Practical Applications

The results of the present investigation demonstrate
that stretching immediately prior to muscular perfor-
mance negatively impacts the torque-producing capa-
bilities of a muscle at both slow and fast velocities for
an upper-body movement. This suggests that, for
many types of athletic performances that involve max-
imal muscle actions of the upper body, stretching may
not be warranted and in fact may be detrimental. In
addition, the greater strength capabilities observed
without stretching is likely due in large part to in-
creased muscular stiffness. In our study, stretching
was the means by which muscular stiffness was influ-
enced; however, athletes frequently participate in other
activities prior to performance such as warming up
with calisthenics, cycling, or light resistance training.
It is possible that these other activities could influence
the degree of muscular stiffness and ultimately com-
promise the full capabilities of the muscle. Future
studies should examine whether the changes that may
be induced by warm-up exercises (i.e., increased mus-
cle temperature and blood flow) affects muscle stiff-
ness.
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