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Context: Isokinetic and isotonic resistance training exercises
are commonly used to increase strength during musculoskeletal
rehabilitation programs. Our study was designed to examine the
efficacy of isokinetic and isotonic muscle actions using surface
electromyographic (EMG) amplitude-to-work ratios (EMG/WK)
and to extend previous findings to include a range of isokinetic
velocities and isotonic loads.

Objective: To examine work (WK), surface EMG amplitude,
and EMG/WK during concentric-only maximal isokinetic muscle
actions at 60, 120, 180, 240, and 300�/s and isotonic muscle
actions at 10%, 20%, 30%, 40%, and 50% of the maximal vol-
untary isometric contraction (MVIC) torque during leg extension
exercises.

Design: A randomized, counterbalanced, cross-sectional, re-
peated-measures design.

Setting: A university-based human muscle physiology re-
search laboratory.

Patients or Other Participants: Ten women (mean age �
22.0 � 2.6 years) and 10 men (mean age � 20.8 � 1.7 years)
who were apparently healthy and recreationally active.

Intervention(s): Using the dominant leg, each participant
performed 5 maximal voluntary concentric isokinetic leg exten-
sion exercises at randomly ordered angular velocities of 60,
120, 180, 240, and 300�/s and 5 concentric isotonic leg exten-
sion exercises at randomly ordered loads of 10%, 20%, 30%,
40%, and 50% of the isometric MVIC.

Main Outcome Measure(s): Work was recorded by a Biodex
System 3 dynamometer, and surface EMG was recorded from
the superficial quadriceps femoris muscles (vastus lateralis,

rectus femoris, and vastus medialis) during the testing and was
normalized to the MVIC. The EMG/WK ratios were calculated
as the quotient of EMG amplitude (�Vrms) and WK (J) during
the concentric phase of each exercise.

Results: Isotonic EMG/WK remained unchanged (P � .05)
from 10% to 50% MVIC, but isokinetic EMG/WK increased (P
� .05) from 60 to 300�/s. Isotonic EMG/WK was greater (P �
.05) than isokinetic EMG/WK for 50% MVIC versus 60�/s, 40%
MVIC versus 120�/s, and 30% MVIC versus 180�/s; however,
no differences were noted (P � .05) between 20% MVIC versus
240�/s or 10% MVIC versus 300�/s. An 18% decrease in active
range of motion was seen for the isotonic muscle actions, from
10% to 50% MVIC, and a 3% increase in range of motion for
the isokinetic muscle actions from 60 to 300�/s was also ob-
served. Furthermore, the peak angular velocities for the isotonic
muscle actions ranged from 272.9 to 483.0�/s for 50% and 10%
MVIC, respectively.

Conclusions: When considering EMG/WK, peak angular ve-
locity, and range of motion together, our data indicate that max-
imal isokinetic muscle actions at 240�/s or controlled-velocity
isotonic muscle actions at 10%, 20%, or 30% MVIC may max-
imize the amount of muscle activation per unit of WK done dur-
ing the early stages of musculoskeletal rehabilitation. These re-
sults may be useful to allied health professionals who
incorporate open-chain resistance training exercises during the
early phases of rehabilitation and researchers who use isotonic
or isokinetic modes of resistance exercise to examine muscle
function.

Key Words: range of motion, angular velocity, muscle acti-
vation, leg extension, rehabilitation

Isokinetic and isotonic exercises are 2 modes of resistance
training that can be used to improve muscle strength and
performance. Isotonic muscle actions are performed with

a constant resistance throughout the active range of motion
(ROM). Isotonic exercises are cost effective and relatively
simple to execute and have been used for many years to in-
crease muscle strength in the rehabilitative setting.1,2 However,
concentric isotonic exercises can only provide loads that can

be overcome by the weakest point in the ROM, and accurately
controlling the velocity of movement can be difficult. In con-
trast, isokinetic exercise provides an accommodating resis-
tance at a constant velocity, which theoretically allows for
maximal force production at all points throughout the active
ROM and provides an angle-torque curve for each separate
muscle action.3 Isokinetic resistance exercise has also been
used for strength testing and training in clinical settings4,5;
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however, a costly dynamometer and trained technicians are
required. In addition, the ROM that actually occurs at a con-
stant velocity can be limited at the faster angular velocities
because of the acceleration and deceleration phases of move-
ment.6

Previous authors have compared isokinetic and isotonic ex-
ercises during acute bouts of testing7–13 and in response to
training programs.14–17 For example, Hinson and Rosent-
swieg7 and Rosentswieg and Hinson,10 using surface electro-
myography (EMG) to compare isometric, isotonic, and isoki-
netic muscle actions, concluded that isokinetic exercises
should be favored over isotonic exercises because the EMG
amplitude was greatest for isokinetic muscle actions in one
study,10 whereas in the other investigation,7 EMG amplitude
and ROM were greater for the isokinetic than for the isotonic
contractions. In another study,8 heart rate and arterial pressure
were investigated, but no differences were observed between
isokinetic and isotonic exercises. In response to a 6-week train-
ing period, 2 groups suggested that isokinetic resistance train-
ing might be better than isotonic training for improving
strength and performance16 and time to peak torque.17 In con-
trast, earlier investigators14 reported that isokinetic and isoton-
ic training were equally effective modes of resistance exercise
and concluded that an isokinetic dynamometer ‘‘. . . appears to
be an excellent tool for kinesiologic research, but for simple
strengthening of the quadriceps it is well matched by a set of
weights.’’ In a study incorporating a fatiguing protocol, par-
ticipants were able to maintain greater levels of force produc-
tion during isotonic than isokinetic leg extensions as the mus-
cles fatigued.9 In a well-controlled study, participants
completed 6 weeks of resistance training on a dynamometer
with either isokinetic or isotonic resistance, and the difference
scores for strength and power from pretraining to posttraining
were significantly better for the isotonic group.15 Therefore,
some conflicting evidence exists about the use of isokinetic
versus isotonic exercises for testing7–13 and training,14–17 par-
ticularly with regard to clinical applications.

Schmitz and Westwood13 proposed a novel technique
termed EMG amplitude-to-work (EMG/WK) ratios to examine
the efficacy of isokinetic and/or isotonic leg extension exer-
cises during the early stages of a rehabilitation program. Sur-
face EMG is defined as the algebraic sum of muscle action
potentials that pass within the recording areas of the surface
electrodes located directly over a force-producing muscle or
muscle group.18–21 Thus, EMG amplitude provides a global
quantification of muscle activation, which is affected by the
number of motor units recruited and the firing rates of the
activated motor units.22–26 Mechanical work (WK) is defined
as the product of force � displacement, and during dynamic
muscle actions, WK can be calculated as the integrated area
under the angle-torque relationship.14 Therefore, EMG/WK ra-
tios, which are expressed as the quotient of EMG amplitude
divided by WK, may quantify the amount of muscle activation
per unit of work accomplished and may provide a global in-
dication of the efficiency of dynamic muscle actions.

Muscle activation may be more important than muscle force
production during the early stages of musculoskeletal rehabil-
itation when emphasizing the training-induced adaptations of
the nervous system.13,27 Therefore, higher EMG/WK ratios
would reflect more muscle activation per unit area of work
done by a muscle, which would theoretically emphasize neural
adaptations, such as increased motor unit recruitment and fir-
ing rate, without subjecting the muscle to unnecessarily heavy

loads during rehabilitation. In a previous study, EMG/WK ra-
tios during isotonic muscle actions at 50% of maximal vol-
untary isometric contraction (MVIC) were greater than EMG/
WK ratios recorded during maximal isokinetic muscle actions
at 180�/s.13 The authors concluded, therefore, that isotonic
rather than isokinetic exercises should be incorporated during
the early stages of rehabilitation to emphasize improvements
in muscle activation.13

Little is known, however, about EMG/WK ratios during a
range of isotonic loads or a range of isokinetic velocities.
Lighter isotonic loads or different isokinetic velocities may
improve EMG/WK ratios, which in turn may help to refine
the use of isokinetic and/or isotonic exercises in clinical re-
habilitative settings. Our purpose, therefore, was to extend the
findings of Schmitz and Westwood13 and examine WK, sur-
face EMG amplitude, and EMG/WK ratios during maximal
voluntary concentric isokinetic muscle actions at 60, 120, 180,
240, and 300�/s and isotonic muscle actions at 10%, 20%,
30%, 40%, and 50% MVIC during leg extension exercises.

METHODS

Design

We used a randomized, counterbalanced, cross-sectional, re-
peated-measures experimental design to examine the WK,
EMG amplitude, and EMG/WK ratio values for concentric iso-
kinetic and isotonic leg extension exercises. The independent
variables were mode (isokinetic versus isotonic), level (1, 2,
3, 4, or 5), and muscle (vastus lateralis [VL], rectus femoris
[RF], or vastus medialis [VM]). The independent variable, lev-
el, consisted of the following partitions: level 1 corresponded
to an isotonic intensity of 50% MVIC and isokinetic velocity
of 60�/s; level 2 corresponded to 40% MVIC and 120�/s; level
3 corresponded to 30% MVIC and 180�/s; level 4 correspond-
ed to 20% MVIC and 240�/s; and level 5 corresponded to 10%
MVIC and 300�/s. The dependent variables were WK, nor-
malized EMG amplitude, and EMG/WK ratio. Each partici-
pant performed both the isokinetic and isotonic testing pro-
tocols in random order during the same laboratory visit.

Participants

Ten men (mean age � 20.8 � 1.7 years, height � 182.9 �
6.5 cm, mass � 87.6 � 16.1 kg) and 10 women (age � 22.0
� 2.6 years, height � 160.8 � 6.7 cm, mass � 58.9 � 6.4
kg) volunteered to participate in this study. The subjects were
apparently healthy, recreationally active (engaging in 1–5
hours of regular physical activity per week), and indicated no
current or recent knee-, hip-, or ankle-related injuries. This
study was approved by the university review board for human
subjects, and all participants completed a health history ques-
tionnaire and signed informed consent forms before testing
began.

Instrumentation

A calibrated Biodex System 3 isokinetic dynamometer
(Biodex Medical Systems, Inc, Shirley, NY) was used to re-
cord the angle-torque curves during the concentric isokinetic
and isotonic muscle actions. The subjects were in a seated
position with restraining straps over the pelvis and torso, in
accordance with the Biodex instructions.28 The input axis of
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Figure 1. Surface electromyographic electrode placements.

the dynamometer was aligned with the axis of the knee. The
surface EMG signals were recorded with a Biopac data ac-
quisition system (model MP150WSW; Biopac Systems, Inc,
Santa Barbara, CA). The EMG signals (recorded in �V) were
differentially amplified with a band width of 1 to 5000 Hz,
input impedance of 2 M	 (differential), common mode rejec-
tion ratio of 110 dB, maximum input voltage of �10 V, sam-
pling rate of 1000 Hz, and gain of 1000 (model EMG100C;
Biopac Systems). Pregelled, disposable EMG electrodes
(Moore Medical, LLC, New Britain, CT) containing 1-cm-di-
ameter Ag-AgCl discs were used for this study.

Concentric Isokinetic and Isotonic Testing

Each participant began with a 5-minute warm-up on a sta-
tionary cycle ergometer (model 818E; Monark, Varberg, Swe-
den) at a resistance of 50 W and a cadence of 60 to 70 rev-
olutions per minute. After the warm-up, the subject was seated
on the dynamometer. The testing began with each participant
completing two 6-second MVICs of the dominant leg exten-
sors (based on kicking preference) at a knee joint angle of 90�
below full extension, in accordance with the procedure of a
previous study.13 Each participant performed 3 or 4 submax-
imal practice trials before the MVICs, and the MVIC that re-
sulted in the highest peak torque was selected as the represen-
tative score.

After the MVIC measurements, the concentric isokinetic
and isotonic testing protocols were performed in random order
by each participant with 5 minutes of rest between protocols.
The isokinetic testing protocol consisted of maximal, concen-
tric isokinetic muscle actions of the leg extensors at randomly
ordered angular velocities of 60, 120, 180, 240, and 300�/s.
Three or four submaximal warm-up trials preceded 3 maximal
muscle actions at each velocity, and a 2-minute rest period
was allowed between tests at each velocity. The isotonic test-
ing protocol consisted of concentric isotonic muscle actions of
the leg extensors at randomly ordered loads of 10%, 20%,
30%, 40%, and 50% of the previously determined MVIC.
Three or four warm-up trials preceded 3 muscle actions for
each isotonic load, and a 2-minute rest was allowed between
tests at each load. To ensure consistency with a previous pro-
tocol13 for the isotonic muscle actions, we instructed the par-
ticipant to complete the full ROM in approximately 1 second.
Of the 3 repetitions completed for each isokinetic velocity and
isotonic load, the repetition that yielded the highest WK (J)
value (calculated by integrating the area under the angle-torque
curve) was selected for analysis. The WK for the concentric
isokinetic and isotonic muscle actions was derived from the
Biodex System 3 software (Biodex Medical Systems).

Surface Electromyography

Bipolar surface electrode arrangements were placed along
the longitudinal axes of the VL, RF, and VM muscles (Figure
1). For the VL, electrodes were placed at 66% of the distance
from the anterior superior iliac spine to the lateral border of
the patella, with interelectrode distances of 3.53 � 0.64 cm.
For the RF, electrodes were placed at 50% of the distance from
the anterior superior iliac spine to the superior aspect of the
patella, with a mean interelectrode distance of 4.54 � 0.35
cm. For the VM, electrodes were placed at 80% of the distance
from the anterior superior iliac spine to the medial border of
the patella, with a mean interelectrode distance of 4.65 � 0.33

cm. The reference electrodes were placed over the iliac crest.
Electrodes were placed in accordance with the recommenda-
tions of Hermens et al29 to avoid overlap with the innervation
zones and to reduce the risk of cross-talk between muscles.
Interelectrode impedance for each muscle was kept below
2000 	 by swabbing with isopropyl alcohol and carefully
abrading the skin, which involved 8 to 12 light strokes over
the electrode site with emery paper (3M Red Dot Trace Prep;
3M Canada Inc, London, Ontario, Canada).

Signal Processing

The analog EMG (�V) signals were sampled at a frequency
of 1 KHz, stored on a personal computer, and expressed as
root mean square (rms) amplitude values (AcqKnowledge ver-
sion 3; Biopac Systems, Inc). The EMG signals were band-
pass filtered (second-order Butterworth filter) at 10 to 500 Hz.
For all subsequent analyses, we used the filtered rms EMG
(�Vrms) amplitude values. To be consistent with the WK val-
ues, we analyzed the EMG amplitude values corresponding to
the full ROM. This allowed for comparisons between the iso-
kinetic velocities and isotonic loads that were based on a stan-
dardized ROM. For statistical comparisons, the EMG ampli-
tude values recorded during the concentric isokinetic and
isotonic muscle actions were normalized as a percentage of
the EMG amplitude (�Vrms) value corresponding to the rep-
resentative isometric MVIC (% MVIC). For the EMG/WK ra-
tios (% rms/J), the rms EMG amplitude values (�Vrms) were
normalized to WK (J) separately for each muscle action by
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Figure 2. Work (J) versus isotonic loads (% maximal voluntary iso-
metric contraction) (solid line). *Indicates work decreased from
50% to 10% maximal voluntary isometric contraction. Work (J) ver-
sus isokinetic velocity (�/s) (dashed line). †Indicates work de-
creased from 60�/s to 300�/s. ‡Indicates isokinetic work was greater
than isotonic work for all comparisons (P � .05). Values are mean
� SEM.

Figure 3. The marginal means for normalized electromyographic
amplitude (collapsed across muscle, % maximal voluntary isomet-
ric contraction [MVIC]) versus isotonic load (% MVIC) (solid line).
*Indicates decrease from 40% to 10% MVIC (P � .032). The mar-
ginal means for normalized electromyographic amplitude (col-
lapsed across muscle, % MVIC) versus isokinetic velocity (�/s)
(dashed line). †Indicates increase from 60�/s to 180�/s (P � .004)
and 240�/s (P � .032). No differences were noted between isotonic
and isokinetic electromyographic amplitude values for any level (P
� .078–.712). Values are mean � SEM.

dividing the EMG amplitude for the VL, RF, and/or VM by
the respective isokinetic or isotonic WK values.

Statistical Analysis

We calculated a 2-way repeated-measures analysis of vari-
ance (mode [isotonic versus isokinetic] � level [1, 2, 3, 4, or
5]) to analyze the WK data and 2 separate 3-way repeated-
measures analyses of variance (mode [isotonic versus isoki-
netic] � level [1, 2, 3, 4, or 5] � muscle [VL, RF, or VM])
to analyze the normalized EMG amplitude and EMG/WK data.
When appropriate, follow-up analyses included additional 2-
way and 1-way repeated-measures analyses of variance with
Bonferroni-corrected alpha levels for all pairwise compari-
sons. An alpha level of P � .05 was considered statistically
significant. We used SPSS (version 11.5; SPSS Inc, Chicago,
IL) for all statistical analyses.

RESULTS

Work

A significant 2-way interaction was noted (mode � level,
P � .004) (Figure 2). Isotonic WK decreased from 50% to
30% MVIC (P � .042), 50% to 20% MVIC (P � .001), 50%
to 10% MVIC (P � .001), 40% to 30% MVIC (P � .001),
40% to 20% MVIC (P � .004), 40% to 10% MVIC (P �
.001), and 30% to 10% MVIC (P � .001). Isokinetic WK
decreased from 60 to 180�/s (P � .012), 60 to 240�/s (P �
.001), 60 to 300�/s (P � .001), 120 to 180�/s (P � .001), 120
to 240�/s (P � .001), 120 to 300�/s (P � .001), and 180 to
300�/s (P � .001) (see Figure 2). In addition, isokinetic WK
was greater than isotonic WK at 60�/s versus 50% MVIC (P
� .001), 120�/s versus 40% MVIC (P � .001), 180�/s versus
30% MVIC (P � .001), 240�/s versus 20% MVIC (P � .004),
and 300�/s versus 10% MVIC (P � .001).

Normalized Electromyographic Amplitude

For the isotonic muscle actions, the marginal means for nor-
malized EMG amplitude (collapsed across muscle) decreased

from 40% to 10% MVIC (P � .032), but no other significant
differences were seen among any other isotonic loads (P �
.063–.998) (Figure 3). For the isokinetic muscle actions, the
marginal means for normalized EMG amplitude (collapsed
across muscle) increased from 60�/s to 180�/s (P � .004) and
240�/s (P � .032) (see Figure 3). However, the analysis in-
dicated no significant 3-way interaction (mode � level � mus-
cle, P � .344); or 2-way interactions for mode � muscle (P
� .527) or level � muscle (P � .066) but a significant 2-way
interaction for mode � level (P � .001). No differences (P
� .078–.712) were demonstrated between normalized EMG
amplitude values recorded at 50% MVIC and 60�/s, 40%
MVIC and 120�/s, 30% MVIC and 180�/s, 20% MVIC and
240�/s, or 10% MVIC and 300�/s.

Electromyographic Amplitude-to-Work Ratios

The marginal means for isotonic EMG/WK (collapsed
across muscle) did not change from 50% to 10% MVIC (P �
.662) (Figure 4). The marginal means for isokinetic EMG/WK
(collapsed across muscle), however, increased from 60 to
180�/s (P � .001), 120 to 180�/s (P � .003), and 180 to 300�/s
(P � .010) (see Figure 4). Paired-samples t tests indicated that
isotonic EMG/WK was greater than isokinetic EMG/WK at
50% MVIC versus 60�/s (P � .009), 40% MVIC versus
120�/s (P � .001), and 30% MVIC versus 180�/s (P � .004).
No differences, however, were found between the isotonic
EMG/WK and isokinetic EMG/WK at 20% MVIC versus
240�/s (P � .103) or 10% MVIC versus 300�/s (P � .989).
No significant 3-way interaction (action � level � muscle, P
� .303) or 2-way interactions for action � muscle (P � .420)
or level � muscle (P � .261) were shown, but a significant
2-way interaction was seen for action � level (P � .002).

DISCUSSION

In 2001, Schmitz and Westwood13 introduced a novel EMG
normalization procedure, termed EMG/WK ratio, to examine
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Figure 4. The marginal means for electromyographic amplitude-to-
work ratio (EMG/WK) (collapsed across muscle, % root mean
square [rms]/J) versus isotonic load (% maximal voluntary iso-
metric contraction [MVIC]) (solid line); no changes from 50% to
10% MVIC (P � .662). The marginal means for EMG/WK ratio (col-
lapsed across muscle, % rms/J) versus isokinetic velocity (�/s)
(dashed line). *Indicates increases from 60�/s to 180�/s (P � .001),
120�/s to 180�/s (P � .003), and 180�/s to 300�/s (P � .010). †EMG/
WK was greater for isotonic muscle actions at 50% MVIC versus
60�/s (P � .009), 40% MVIC versus 120�/s (P � .001), and 30% MVIC
versus 180�/s (P � .009). However, no other differences were noted
in EMG/WK between isotonic and isokinetic at the other 2 levels
(P � .103–.989). Values are mean � SEM.

Table 1. Mean Peak Angular Velocities During the Isotonic
Muscle Actions (Mean � SD)

Isotonic Load
(Maximal Voluntary

Isometric Contraction, %)
Peak Angular
Velocity, �/s

10 483.0 � 5.7
20 457.0 � 10.3
30 399.7 � 16.5
40 334.2 � 17.9
50 272.9 � 16.0

the amount of muscle activation (surface EMG amplitude) per
unit of WK during isokinetic muscle actions at 180�/s and
isotonic muscle actions at 50% MVIC. The authors reported
that the isotonic EMG/WK at 50% MVIC was greater than
the isokinetic EMG/WK at 180�/s and concluded that isotonic
resistance training should be included in the early stages of
open chain musculoskeletal rehabilitation involving the knee
joint, especially when emphasizing muscle activation is more
important than muscle force production.13 Our results indicat-
ed that isotonic EMG/WK at 50% MVIC (mean � SEM �
3.0% � 0.3% rms/J) was 15% greater than the EMG/WK at
180�/s (2.6% � 0.2% rms/J); however, this difference was not
significant (P � .205). In addition, these findings indicated
that the isotonic EMG/WK ratios from 50% to 10% MVIC
were greater than the isokinetic EMG/WK ratios at 60, 120,
and 180�/s (see Figure 4), but we found no differences among
the isotonic EMG/WK ratios from 50% to 10% MVIC and the
isokinetic EMG/WK ratios at 240 and 300�/s. It is possible,
therefore, that the isokinetic muscle actions at 240 and 300�/s
may be as effective as the isotonic muscle actions at 50% to
10% MVIC for maximizing the amount of muscle activation
per unit of work (EMG/WK ratio). When considering only the
EMG/WK ratio, our findings extend those of Schmitz and
Westwood13 and support the use of isokinetic muscle actions
at 240�/s and/or 300�/s or isotonic muscle actions at 50% to
10% MVIC in ‘‘. . . the early stages of rehabilitation when
central drive to the muscle (motor unit recruitment) may be
more important than absolute muscle force production.’’13

One concern that may arise with the use of isokinetic mus-
cle actions at 240 and 300�/s during rehabilitation is the rel-
atively high angular velocities. The mean peak angular veloc-
ities for the isotonic muscle actions are presented in Table 1.
Interestingly, the isotonic muscle actions exhibited peak an-
gular velocities ranging from 272.9 to 483.0�/s (50% to 10%
MVIC, respectively). Therefore, the muscle actions with the

lowest peak angular velocity and equivalent EMG/WK ratios
were the isokinetic muscle actions at 240�/s. Thus, when con-
sidering both EMG/WK ratios and peak angular velocities,
maximal concentric isokinetic muscle actions at 240�/s pro-
vided the same EMG/WK ratios as the isotonic muscle actions
(10%–50% MVIC) as well as the lowest peak angular velocity.
For this reason, perhaps isokinetic exercises at 240�/s could be
considered for rehabilitative exercises that maximize the
amount of muscle activation per unit of work while minimiz-
ing peak angular velocity. However, although 240�/s and high-
er angular velocities are relatively safe for healthy adults, these
velocities may not be safe for injured participants undergoing
rehabilitation. Therefore, another solution is to avoid these rel-
atively high peak angular velocities during isotonic exercises
by carefully controlling the speed of movement to prevent fast
muscle actions that may put premature stress on a recently
injured muscle. It is possible that the high peak angular ve-
locities during the isotonic muscle actions were due to the
force necessary to overcome the ‘‘preload’’ in order to accel-
erate the limb through the ROM.15 Participants were instructed
to complete the full ROM in approximately 1 second for the
isotonic muscle actions, which was difficult using an isokinetic
dynamometer to provide an isotonic resistance, because the
movement was not particularly smooth. Future authors should
examine the EMG/WK ratios during dynamic constant exter-
nal resistance exercises, which can be completed on a plate-
loaded resistance training device (rather than dynamometer-
simulated isotonic muscle actions). This type of resistance
training equipment may allow the allied health professional
more manual control over the movement velocities.

The value WK is defined as the product of force � dis-
placement.30 In the present study, therefore, we calculated WK
as the integrated area under the angle-torque relationships dur-
ing the isotonic and isokinetic muscle actions. Theoretically,
if the ROM remains unchanged, isotonic WK increases as
torque increases from 10% to 50% MVIC. Overall, our find-
ings support this hypothesis and indicate increases in isotonic
WK from 10% to 40% MVIC but no change from 40% to
50% MVIC (see Figure 2). The plateau in isotonic WK from
40% to 50% MVIC may have been due, in part, to the 18%
decrease in mean ROM from 10% to 50% MVIC (Table 2).
This decrease in ROM was consistent with previous findings7

and was likely due to the added isotonic resistance that limited
each participant’s ability to extend throughout the entire ROM,
despite strong verbal encouragement. In contrast, if the ROM
remains unchanged, isokinetic WK would be expected to de-
crease as the angular velocity is increased as a result of the
well-characterized force-velocity relationship.31 Our results
were consistent with this hypothesis and indicated decreases
in isokinetic WK from 60 to 300�/s (see Figure 2) in lieu of
a slight increase in ROM from 60�/s to 300�/s (see Table 2).
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Table 2. Range of Motion During the Isokinetic and Isotonic
Muscle Actions (Mean � SD)

Muscle Action Level Range of Motion, �

Isokinetic 60�/s 97.3 � 10.1
120�/s 101.7 � 11.0
180�/s 101.5 � 10.4
240�/s 101.2 � 10.0
300�/s 100.0 � 10.5

Isotonic 10% MVIC 100.8 � 9.4
20% MVIC 99.2 � 10.8
30% MVIC 98.0 � 10.0
40% MVIC 92.0 � 9.4
50% MVIC 82.5 � 12.4

*MVIC indicates maximal voluntary isometric contraction.

Thus, the 18% decrease in mean ROM from 10% to 50%
MVIC during the isotonic muscle actions compared with the
3% increase in mean ROM from 60 to 300�/s during the iso-
kinetic muscle actions (see Table 2) indicated that isotonic
loads near 10% to 30% MVIC and/or any of the isokinetic
velocities (60, 120, 180, 240, or 300�/s) should be used to
allow extension throughout the preselected ROM. Although it
is sometimes necessary to limit ROM during rehabilitative ex-
ercises,32,33 the ROM limits should be selected by a qualified
allied health professional rather than limited by excessive re-
sistance placed on the muscle.

Several previous groups have investigated the relationship
between muscle force production and EMG amplitude during
isometric,34,35 isokinetic,36 and isotonic37,38 muscle actions,
but to our knowledge, no previous authors have examined
EMG amplitude response patterns during different isotonic
loads simulated by an isokinetic dynamometer. Based on the
isometric, isokinetic, and isotonic studies,34–38 we expected
EMG amplitude to increase with increasing isotonic loads
from 10% to 50%. Indeed, normalized EMG amplitude in-
creased from 10% to 40% MVIC for each muscle, but no other
differences were seen among isotonic loads (see Figure 3). It
is possible that this discrepancy to some extent may be related
to the relative contributions of the vastus intermedius muscle,
which was not examined with EMG. It is likely, however, that
the level of muscle activation required to overcome the iso-
tonic preload at all levels resulted in relatively high normalized
EMG amplitudes. This hypothesis is supported by the data in
Figure 3, because all the normalized EMG amplitude values
recorded during the isotonic muscle actions were near 100%
of the EMG amplitude values recorded during the isometric
MVIC. These findings further support the need to examine
EMG amplitude values recorded during plate-loaded resistance
training device exercises to avoid the isotonic preload that is
present with dynamometers.

In theory, during maximal muscle actions, all available mo-
tor units are recruited and firing at their optimal frequencies.39

Therefore, EMG amplitude should have remained constant
during the maximal concentric isokinetic muscle actions across
the angular velocities. However, normalized EMG amplitude
increased from 60 to 180�/s and then plateaued (see Figure 3)
for each muscle (VL, RF, and VM). Previous authors40–44 hy-
pothesized that velocity-related increases in EMG amplitude
during maximal isokinetic muscle actions may be attributable
to submaximal muscle activation as a result of central nervous
system inhibition under slow-velocity, high-tension conditions.
Conversely, Barnes45 suggested that decreasing patterns of

EMG amplitude may result from velocity-related changes in
qualitative recruitment, peripheral feedback, and/or antagonis-
tic muscle cross-talk. Overall, the minor fluctuation we found
reflected the conflicting results of previous groups who re-
ported increases,40–44 decreases,45 and no change46 in the pat-
terns of EMG amplitude across angular velocity during max-
imal, concentric isokinetic muscle actions. It is possible that
this conflicting evidence is due to differences among the mus-
cle or muscle group involved and/or the range of velocities
tested.

CONCLUSIONS

Our results extend the findings of Schmitz and Westwood13

and indicate that isotonic loads ranging from 10% to 50%
MVIC and isokinetic velocities of 240 and 300�/s resulted in
similar EMG/WK ratios for the superficial muscles of the QF
during leg extension exercises. Further examination of the iso-
tonic and isokinetic muscle actions indicated that peak angular
velocities for the isotonic muscle actions (see Table 1) ranged
from 272.9 to 483.0�/s (50%–10% MVIC, respectively),
whereas the lowest peak angular velocity with an equivalent
EMG/WK ratio occurred during the isokinetic muscle actions
at 240�/s. In addition, the mean ROM (see Table 2) decreased
from 100.8� to 82.5� (10%–50% MVIC, respectively) during
the isotonic muscle actions but slightly increased from 60 to
300�/s during the isokinetic muscle actions. Therefore, when
considering EMG/WK, peak angular velocity, and ROM to-
gether, our data indicate that isokinetic muscle actions at
240�/s provided the highest EMG/WK ratio that minimized the
peak angular velocity and allowed for extension throughout
the preselected ROM. These findings also indicate that if the
velocity of movement is carefully controlled during isotonic
muscle actions at 10%, 20%, or 30% MVIC (see Table 1),
ROM is not substantially compromised (see Table 2), and the
EMG/WK ratios are no different than those at 40% or 50%
MVIC or 240 or 300�/s. Overall, we propose that maximal
isokinetic muscle actions at 240�/s or controlled-velocity iso-
tonic muscle actions at 10%, 20%, or 30% MVIC may max-
imize the amount of muscle activation per unit of work done
and may be appropriate during the early stages of musculo-
skeletal rehabilitation. These results may be useful to allied
health professionals who incorporate open chain resistance
training exercises during the early phases of rehabilitation and
to researchers who use isotonic and/or isokinetic modes of
resistance exercise to examine muscle function. It is possible,
however, that muscle activation patterns could be different for
those who are injured and undergoing rehabilitation, as a result
of joint swelling and pain. Therefore, additional studies are
necessary to examine EMG/WK ratios in injured muscles or
joints. In addition, future authors should examine the EMG/
WK ratios during dynamic constant external resistance muscle
actions on a plate-loaded device to compare with the isokinetic
and isotonic muscle actions and to determine optimal loads for
rehabilitation exercises.
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