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ABSTRACT

Int | Exerc Sci 4(4): 273-282, 2011. With resistance exercise, greater intensity typically elicits
increased energy expenditure, but heavier loads require that the lifter perform more sets of fewer
repetitions, which alters the kilograms lifted per set. Thus, the effect of exercise-intensity on
energy expenditure has yielded varying results, especially with explosive resistance exercise.
This study was designed to examine the effect of exercise-intensity and kilograms/set on energy
expenditure during explosive resistance exercise. Ten resistance-trained men (22+3.6 years;
84+6.4 kg, 180+5.1 cm, and 13+3.8 %fat) performed squat and bench press protocols once/week
using different exercise-intensities including 48% (LIGHT-48), 60% (MODERATE-60), and 72% of
1-repetition-maximum (1-RM) (HEAVY-72), plus a no-exercise protocol (CONTROL). To
examine the effects of kilograms/set, an additional protocol using 72% of 1-RM was performed
(HEAVY-72MATCHED) with kilograms/set matched with LIGHT-48 and MODERATE-60. LIGHT-
48 was 4 sets of 10 repetitions (4x10); MODERATE-60 4x8; HEAVY-72 5x5; and HEAVY-
72MATCHED 4x6.5. Eccentric and concentric repetition speeds, ranges-of-motion, rest-intervals, and
total kilograms were identical between protocols. Expired air was collected continuously
throughout each protocol using a metabolic cart, [Blood lactate] using a portable analyzer, and
bench press peak power were measured. Rates of energy expenditure were significantly greater
(p=0.05) with LIGHT-48 and HEAVY-72MATCHED than HEAVY-72 during squat (7.3£0.7; 6.9£0.6 >
6.1+0.7 kcal/min), bench press (4.8+0.3; 4.7£0.3 > 4.0£0.4 kcal/min), and +5min after (3.7+0.1;
3.740.2 > 3.3+0.3 kcal/min), but there were no significant differences in total kcal among
protocols.  Therefore, exercise-intensity may not effect energy expenditure with explosive
contractions, but light loads (~50% of 1-RM) may be preferred because of higher rates of energy
expenditure, and since heavier loading requires more sets with lower kilograms/ set.

KEY WORDS: Contraction-intensity; Work; Power; Repetition Speed; Weight
Lifting; Program Design.

INTRODUCTION

Resistance exercise-intensity is one of
several variables that fitness professionals
manipulate to achieve a specific goal, such

as increased energy expenditure. Exercise-
intensity is typically defined as a
percentage of one-repetition maximum (1-
RM), where 40-55% of 1-RM would be



considered light, 55-70% moderate, and 70-
85% heavy (15, 17). Despite the fact that
some reports vary, it is generally accepted
that energy expenditure increases as
exercise-intensity ~ increases,  especially
when total work (total kilograms lifted) is
matched (10, 24). Studies where low- or
moderate-intensity resulted in greater
energy expenditure did not match total
kilograms lifted (12). Thus, one might
argue that heavy resistance exercise should
be used for optimal energy expenditure
responses.

Different  from  traditional =~ where
participants use slow or controlled
contractions, maximally explosive

resistance exercise requires the lifter to raise
the load with intended maximum
concentric acceleration (IMCA), regardless
of the load (2). This type of training has
been used by athletes for decades to
increase speed and power (16), but it is
beginning to become more popular among
recreational exercisers (3, 4, 20). In fact,
recent evidence suggests that explosive
contractions increase energy expenditure
more than slow, possibly making this
resistance exercise technique favorable for
enhancing energy expenditure (19). In that
study, however, our laboratory found that
moderate-intensity (60% of 1-RM) explosive
resistance exercise resulted in greater
energy expenditure than high-intensity
(80% of 1-RM) (19). A potential explanation
for these differential findings may be
related to the fact that heavy protocols
require more sets with lower kilograms
lifted per set (kg/set). As a result, the
reported difference in energy expenditure
between moderate and heavy squats may
have been due to greater kg/set during 60%
squats (i.e., more work performed per set),
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and not because of differences in exercise-
intensity.

Thus, it remains unclear whether light,
moderate, or heavy loading elicits greater
energy  expenditure, especially  with
maximally explosive resistance exercise.
Also, no study has examined the influence
of differences in kg/set on energy
expenditure between otherwise identical
protocols. Because maintaining or losing
body weight is an important fitness goal,
and since explosive resistance exercise has
become popular among recreational
exercisers, it seems necessary to investigate
which load optimizes energy expenditure
with explosive contractions. Therefore, the
objectives of this study were to 1) compare
the effect of different exercise-intensities on
energy expenditure during and after
maximally explosive resistance exercise,
and to 2) compare energy expenditure
between protocols using the same load, but
different kg/set.

METHODS

Participants

Ten resistance-trained men 22+3.6 years of
age volunteered to participate as subjects in
this investigation. ~All participants were
non-smoking, healthy, and free from
medications,  ergogenic  supplements,
glandular disorders, and any conditions
that could affect metabolism. Participants
had average body mass 84+6.4 kg, height
1804£5.1 cm, and body-fat 13+3.8 %; and
refrained from exercise outside of the
requirements for this study. This study
was approved by the Committee on
Human Research at Salisbury University,
and each participant provided informed
consent prior to any testing. This study
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was in accordance with the Declaration of
Helsinki.

Study Design

To examine the effects of exercise-intensity
on energy expenditure with explosive
resistance exercise, ten college-aged men
performed nearly identical experimental
protocols using different exercise-intensities
including  48% (LIGHT-48), 60%
(MODERATE-60), and 72% of 1-RM
(HEAVY-72) (Figure 1). Because the total
kilograms lifted per set (kg/set) for
HEAVY-72 were lower in comparison, and
to examine the effects of kg/set on energy
expenditure, an additional protocol using
72% of 1-RM was also performed (HEAVY-
72MATCHED) - For HEAVY-72MATCHED ko /set
were matched with LIGHT-48 and
MODERATE-60. Only eight participants
completed HEAVY-72MATCHED We tested
the hypothesis that different loads would
significantly affect energy expenditure so
that HEAVY-72MATCHED > MODERATE-60
> LIGHT-48. Because kg/set were lower,
we hypothesized that energy expenditure
would be lowest during and after HEAVY-
72.

Baseline Testing and Familiarization

To avoid lingering effects of previous
exercise on metabolism, participants visited
the laboratory once weekly over seven
weeks on the same day and at the same
time. During the first visit, body mass and
height were measured to the nearest 0.10 kg
and 010 cm, respectively. Skinfold
measurements were obtained from 7 sites
(triceps, sub-scapular, mid-axillary, chest,
supra-iliac, abdomen, and thigh), and the
equation described by Jackson and Pollock
(1978) was used to estimate body density
(11). Percent body fat was subsequently
estimated using the value obtained for
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body density and the Siri equation (23).
Participants performed two warm-up sets

of squats using light to moderate loads, and
1-RM was then determined for the squat by
allowing three-five attempts to lift the
heaviest load one time with three-minute
rest intervals. Bench press 1-RM
performance was assessed using the same
procedures. Following 1-RM testing,
participants were familiarized with one set
of squats and bench press using 60% of 1-
RM for eight repetitions (reps). During this

A. Study Timeline:
Weeks 4 -7
Week 1
Week 2 Week 3
Body Composition
1-RM H Familiarization [ CONTROLE 1 igur.as [ MODERATE6O [ HEAVY-72 [ HEAVY.720%0
P Familiarization
_ ;/,
~
Performed in a Randomly Assigned
but Counterbalanced Order
B. Study Design:
LIGHT 48 MODERATE 60 HEAVY 72 HEAVY 72MATCHED
4 x 30% of 1-RM
Warm-Up Set(s) 4 x 30% of 1.RM 4 x 30% of 1.RM 2 x 60% of 1-RM 4 x 30% of 1.RM
o 48% of 1-RM 60% of 1-RM ;"Lﬁn-«m-au ) ;"Lfm.on-m fh
{ ] : e > | /kﬁ—{//—:ld
Repetitions 10 8 5 6.5
Sets 4 4 5 4
Rest Interval 90s 90s 90s 90s
C. Experimental Protocol:
BL BL BL BL BL BL
Exercise Protocol l
CONTROL (1dmin)
malnsk or
! LIGHT-48 (~17.9min)
v B
MODERATE-60 (~17.1rn) ! } !
-15m or +15m +30m +45m |
-30m HEAVY-72 (~22.61mi) +60m
i - st g
Quiet Sitting HEAVY-72VYATCHED 1 7min) Post-Exercise Quiet Sitting
I" """""""" :9'4',;,',?"7""';"'7'2"'}. """""""""""" ’l
Figure 1. Study timeline (A), study design (B}, and experimental protocol (C) used ta
compare the effects of 48% (LIGHT-48), 60% (MODERATE-B0), 72% (HEAVY-72), and
72% of 1-RM with matched kg/set (HEAVY-72"ATHEDY o energy expenditure during and
after maximally explosive resistance exercise.
1-RM = heaviest load that can be lifted one time; CONTROL = control {no-exercise) protocol consisting of
quiet sitting; 4 x 30% of 1-RM = one set of four repetitions using 30% of max strength; 2 % 60% of 1-RM =
one set of two repetitions usina 60% of max strenath: BL = finaer nrick samnle for blood lactate
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familiarization,  participants  practiced
lowering the load in two seconds and
raising the load as maximally as possible
without bouncing using a metronome
(Seiko Corporation of America, Mahwah,
New Jersey).

Exactly one week Ilater, participants
performed another familiarization session
which included five sets of squats and
bench press using 72% of 1-RM for five reps
with two second eccentric and maximally
explosive concentric muscle actions paced
by a metronome. Participants performed
one warm-up set for each protocol with
30% of 1-RM for four reps and one warm-
up set for each with 60% of 1-RM for two
reps. On the third week, each subject was
fed a standardized breakfast and lunch, and
then completed a no-exercise control trial
(CONTROL). These meals were
administered in the laboratory under
supervision, and were prepared by the
same laboratory assistant each week. The
meals consisted of approximately 55%
carbohydrates, 30% fat, and 15% protein.
For this trial, subjects sat in a semi-reclined
position for 94 min while expired air and
finger prick blood samples were collected.
Immediately following CONTROL, subjects
performed the last familiarization session
which included four sets of squats and
bench press using 48% of 1-RM for 10 reps
and two second eccentric and maximal
concentric muscle actions.

Experimental Protocols

Exactly one week Ilater, participants
performed one of four experimental
protocols in a randomized, counterbalanced
order. All exercise protocols consisted of
the same exercises (squat, bench press),
total kilograms, rest-intervals, and ranges-
of-motion; and subjects were fed the same
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standardized meals (as explained above) at
the same time of day, for each different
trial. Range-of-motion for the squat was
standardized by having each participant
lower all squats until the angle at the back
of the right knee was approximately 85°.
This angle was determined during
familiarization, and a specified number of
step-aerobic platform spacers were placed
under the participant’s buttocks in the
lowered position. The number of spacers
was standardized for each participant
during all trials, and the participants were
required to touch their buttocks to the
spacers for consistency on each rep. Range-
of-motion for the bench press was
standardized by ensuring that all
participants lowered the barbell until it
touched the xyphoid process and raised the
barbell to full arm extension for all reps and
sets. Peak power measurements were
recorded for every bench press repetition
using a weight room accelerometer that
was connected to the barbell (Tendo
Weightlifting Analyzer, Slovak Republic).
Participants also utilized two-second
eccentric and maximal concentric muscle
actions for all trials. Expired air was
collected continuously 15min  before,
during, and for one hour after each protocol
using a two-way non-rebreathing nose and
mouth face mask (Hans Rudolph, Inc.,
Kansas City, MO) and a metabolic cart
(ParvoMedics, Sandy, UT). Immediately
before, after, and in 15min intervals for an
hour after exercise, finger-prick blood
samples (25ul) were collected into capillary
tubes for the measurement of [blood
lactate] (mmol L-1). Samples were collected
and analyzed immediately using a portable
lactate analyzer (YSI 1500 Sport Lactate
Analyzer, Yellow Springs, OH).
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All protocols consisted of a four-rep warm-
up with 30% of 1-RM for both the squat and
bench press. The HEAVY-72 protocol had
an additional warm-up consisting of two
reps with 60% of 1-RM to match the total
kilograms lifted with other protocols. For
LIGHT-48, participants completed four sets
of ten reps with 48% of 1-RM, MODERATE-
60 four sets of eight reps at 60% of 1-RM,
and HEAVY-72 five sets of five repetitions
with 72% of 1-RM. In order to match
kg/set to the other protocols, HEAVY-
72MATCHED consisted of four sets of six and
1/2 repetitions with 72% of 1-RM. The 1/2
repetition range-of-motion was
standardized during the squat by adding
two additional step-aerobic  platform
spacers. For the bench press, a foam
cylinder was placed on the sternum for the
half rep. However, due to the shorter
warm-up and high-intensity, it was
extremely difficult to complete, with two
participants failing on the final rep of the
final set of bench press, and two other
participants not completing the protocol.
After each protocol, participants sat in a
semi-reclined position for 60 min post-
exercise while watching a randomly
assigned, counterbalanced Disney movie
(Walt Disney Company, Burbank, CA).
Participants were instructed to remain still,
silent and awake during the post exercise
period.

Indirect Calorimetry

Oxygen consumption (L min?) data were
used to calculate average rates of energy
expenditure (kcal min?) at baseline (REST);
individually for squat and bench press, and
for +5, +10, +15, +30, +45, and +60 min
post-exercise. All data were corrected for
dead-space associated with the time
necessary for expired air to travel from the
mouth to the analyzers. Energy

International Journal of Exercise Science

277

EXPLOSIVE CONTRACTIONS, EXERCISE-INTENSITY & ENERGY EXPENDITURE

expenditure (kcal min) was calculated
using Oz consumption data and the
equation L O;min? multiplied by 4.9.
Total energy expenditure values (kcals)
were calculated for the duration of each
protocol (i.e., REST, exercise, and post-
exercise) using the trapezoidal area under
the curve method (AUC) for each
participant and for each trial separately. To
obtain an accurate representation of total
energy expenditure, we corrected the total
energy expenditure for differences in the
durations of each trial. To do this, we
calculated a single average rate of energy
expenditure for each protocol, and then
multiplied it by 94 min. We selected 94 min
because this was the duration of the
CONTROL trial, and it enabled us to
estimate what the total energy expenditure
might have been for each protocol if they
had been the same duration. Also, energy
expenditure associated with the production
of lactate was added by using the energy
equivalent for each mmol increase in blood
lactate after exercise (0.02698 kcal/kg body
mass) (6, 22).

Statistical Analysis

Results were considered significant at
p<0.05. Data are presented as means *
standard deviations (MEANS£SD). A four-
factors repeated measures analysis of
variance was used to test for significant
group x time interactions, and Fisher’s
Least Significant Difference (LSD) post hoc
analyses were used where appropriate to
determine specific pair-wise differences
(Statistica V4.1, StatSoft, Inc.). Separate
one-way ANOVA’s were used to test for
group differences at REST for each variable,
and for group differences in total energy
expenditure, exercise-intensity,
kilograms/set, and peak power.
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RESULTS A

Exercise-Intensity, Kilograms/Set, and B 200

Peak Power .

There were no differences among protocols z

in the total weight lifted (kg) (Figure 2, § oo

Panel-A).  Significant (p<0.05) differences 3w

among protocols for kg/set included

LIGHT-48, MODERATE-60, AND HEAVY- B ’ LIGHT-48  MODERATE-60  HEAVY-72  HEAVY.72""""*
72MATCHED > HEAVY-72 (Figure 2, Panel-B). 600

Significant (p<0.05) differences among
protocols for peak power included LIGHT-
48 > HEAVY-72 and HEAVY-72MATCHED,
and MODERATE-60 > HEAVY-72MATCHED
(Figure 2, Panel-C).
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LIGHT-48, MODERATE-60, HEAVY-72 and e "’ -
HEAVY-72MATCHED  during exercise and é s00

after +5, +10, +15, and +30 min of recovery 5 400

(Figure 3, Panel-A). Rates of energy § w

expenditure remained significantly (p<0.05) §m

elevated at +45 min following LIGHT-48 100

and MODERATE-60. There was a ’ LIGHT-48  MODERATE-60  HEAVY-72  HEAVY.72"""™"®"
significant group x time interaction (p=0.00)

for the rates of energy expenditure, and the Figure 2. Total weight lifted (kg) (&), weight lifted/set (kg/set) (B), and peak power
significant (pSOOS) differences among (Watts) (C) for maximally explosive bench press exercise using 48% (LIGHT-48),

60% (MODERATE-B0), 72% (HEAVY-72), and 72% of 1-RM with matched kg/set

protocols were LIGHT'48' MODERATE-60 (HEAVY-T2MATCHED) 4t denotes p = 0.05 versus corresponding HEAVY-72 valug;
and HEAVY-72MATCHED > HEAVY-72 and @ denotes p= 0.05versus corresponding HEAVY-72"*THE yajue; Data are Means + SD
LIGHT-48 > MODERATE-60 (squat, bench

press).  Also significant (p<0.05) were

LIGHT-48 and HEAVY-72MATCHED >

HEAVY-72 (+5 min). There were no MODERATE-60, HEAVY-72, and HEAVY-
differences among protocols in rates of 72MATCHED immediately following exercise
energy expenditure at REST, and the (Figure 3, Panel-B). Blood lactate remained
differences in total energy expenditure significantly (p<0.05) increased at +15, +30
among protocols were not significant. and +45 min after LIGHT-48, MODERATE-

60, and HEAVY-72MATCHED  and at +15 and
Blood Lactate +30 min after HEAVY-72. There was a
Blood lactate concentrations [BL] increased significant group x time .intgr'action (p=0.00)
significantly (p<0.05) with LIGHT-48, for [BL], and the significant (p<0.05)

differences among protocols were LIGHT-

International Journal of Exercise Science 278 http:/ /www.intjexersci.com



EXPLOSIVE CONTRACTIONS, EXERCISE-INTENSITY & ENERGY EXPENDITURE

48 and HEAVY-72MATCHED > HEAVY-72
(post-exercise, +15 min), and MODERATE-
60 > HEAVY-72 (post-exercise).

A #

9 - [}
= ¥ Tot EE (kcal)
£ 87 1 ~+-LIGHT 48 246+ 12.4
E 7 " +-MODERATE 60 234 + 14.7
S ¢ * HEAVY 72 2334181
< 6 1 ¥ == HEAVY 72¥AT°HE0 240 4 14.2
L] * ~*-CONTROL 127128
c 51 !
g
X 4 1
w
> 3 1
2
g 2 1 + (48 & 60 only)

1 A

0

REST SQUAT BENCH +5 +10 +15 +30 +45 +60

+
¥
¢

~*-LIGHT 48
*~MODERATE 60
" 'HEAVY 72
MATCHED

-® ‘HEAVY 72
~*-CONTROL

MATCHED

BN BN

+ (48,60 & 72 only)

[Blood Lactate] (mmol)
o

PRE POST +15min +30min +45min +60min

Figure 3. Rates of energy expenditure (kcal-min™) (A) and blood lactate concentrations

(mmol-L") (B) before (REST); during maximally explosive squats (SQUAT) and bench
press (BENCH); and for 60 min after resistance exercise using 48% (LIGHT-48), 60%
(MODERATE-B0), 72% (HEAVY-72), or 72% of 1-RM with matched kgiset (HEAVY-

7IMATCHEDY " and a no-exercise (CONTROL) trial.

* denotes p = 0.05 versus corresponding REST value; # denotes LIGHT-48 value significantly greater (p < 0.05)
versus corresponding HEAVY-72 and MODERATE-60 values; t denotes LIGHT-48 value significantly greater
(p = 0.05) versus corresponding HEAVY-72 values; ¥ denotes HEAVY-72"4T°"E0 yajye significantly greater (p <
0.05) versus corresponding HEAVY-72 value; ¢ denotes MODERATE-60 value significantly greater {p = 0.05)

versus corresnonding HEAYY-72 value: Data are Means + SD: Tot EE = total enerav expenditure (keal).

DISCUSSION

To determine which load optimizes energy
expenditure during maximally explosive
resistance exercise, we tested whether
loading  would influence energy
expenditure so that heavy > moderate >
light when squat and bench press exercises
were performed with the same total
kilograms. Contrary to our hypotheses,
rates of energy expenditure were greater
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during and after light resistance exercise
than moderate and heavy, and there were
no differences in total energy expenditure
among protocols. Because heavy loading
requires more sets due to lower kg/set, a
secondary objective of the study was to
examine the effect of differences in kg/set
on energy expenditure. Therefore, we
tested whether heavy loading with greater
kg/set while using the same intensity
(HEAVY-72MATCHED) — would induce a
greater rate of energy expenditure
compared with lower kg/set (HEAVY-72).
As expected, rates of energy expenditure
during HEAVY-72MATCHED  were greater
than HEAVY-72. Because there were no
differences among protocols in total kcal
expended, we conclude that exercise-
intensity may not have an effect on energy
expenditure when explosive contractions
are used. However, rates of energy
expenditure were higher with light
resistance exercise, and heavy loading (i.e.,
lower kg/set) resulted in lower energy
expenditure. Therefore, light loading may
be the best exercise-intensity for enhancing
energy  expenditure responses  with
maximally explosive resistance exercise.

Influence of Exercise-Intensity on Energy
Expenditure

This was the first study to compare energy
expenditure between light, moderate and
heavy resistance exercise using maximally
explosive contractions with matched total
kilograms lifted. We found that LIGHT-48
elicited greater rates of energy expenditure
compared to MODERATE-60 and HEAVY-
72. These findings do not agree with data
reported for traditional resistance exercise,
where energy expenditure was reported to
increase concomitantly with exercise-
intensity (10, 24). Instead, the current
findings are in agreement with our
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previous study where we found greater
energy  expenditure with maximally
explosive squats using 60% of 1-RM
compared to 80% (19). However, HEAVY-
72 and the very heavy (80% of 1-RM)
protocol  reported  previously  are
confounded in that each used lower kg/set
than their counterpart protocols.  To
determine for sure whether light, moderate,
or heavy loading was optimal for increased
energy expenditure with maximally
explosive contractions, we matched kg/set
among the HEAVY-72MATCHED T JGHT-48,
and MODERATE-60 protocols. This
allowed us for the first time to demonstrate
that light loading provided the most
practical combination of exercise-intensity
and explosive resistance exercise to
enhance energy expenditure responses.
This is because even though HEAVY-
72MATCHED  yesulted in similar rates of
energy expenditure compared to LIGHT-48,
it also consisted of an unrealistic exercise
design that was extremely difficult and
unsafe to perform without supervision.
Two participants did not complete the trial,
two were unable to complete the last
repetition of the last set of bench press, and
all participants found it far more difficult.
Thus, even though total energy expenditure
did not differ among protocols, our data
suggest that light loading (~50% of 1-RM)
could be more effective for enhancing
energy  expenditure responses  with
maximally explosive resistance exercise.

While it remains unclear why light loads
would increase the rates of energy
expenditure  more  with  explosive
contractions, a potential explanation may
be related to the ability to contract muscles
more powerfully. Power output is
suggested to be greatest between 30-45% of
1-RM for upper-body exercises (14), and 40-
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50% of 1-RM for bench press (18). Our
results supported these findings, with
average peak power being greatest when
48% of 1-RM bench press was used. This is
interesting because it has been documented
that maximal contractions result in greater
motor unit recruitment, especially of fast
motor units (7). Greater fast muscle
recruitment is associated with faster
shortening and faster cross bridge cycling
(9, 21), leading to a higher rate of ATP
hydrolysis (1). Taken together, it seems that
LIGHT-48 permitted the participants to lift
with greater power, which may have been
associated with greater fast motor unit
recruitment and muscle activation,
resulting in greater rates of energy
expenditure. Indeed fast muscle cells have
been shown to consume three to four times
more ATP compared to slow human muscle
cells (8), and ATP consumption correlates
directly with the rate of energy
expenditure. It is also worth noting that we
have previously demonstrated significantly
greater energy expenditure during and
after maximally explosive squats compared

to nearly identical slow squats (19).
Therefore, it is our contention that
explosive resistance exercise is best

performed using light loads because this
enables the lifter to achieve optimal peak
power, which could be associated with
more energetically expensive fast muscle
activation (7, 8, 13).

Influence of Kilograms/Set on Energy
Expenditure

This is also the first study to examine the
influence of kg/set on energy expenditure.
We found that when kg/set were lower
with HEAVY-72, the rates of energy
expenditure were lower compared to
LIGHT-48 and MODERATE-60. But when
kg/set were matched (HEAVY-72MATCHED),
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rates of energy expenditure were greater
than MODERATE-60 and similar to LIGHT-
48. These results are interesting because
they imply that energy expenditure
increases as intensity increases, provided
that the number of sets and kg/set are not
altered (to accommodate the higher
exercise-intensity). In other words, heavy
resistance exercise (=70% of 1-RM),
regardless of contraction-intensity, is
associated with progressively increasing
motor unit recruitment which elicits higher
energy expenditure (5). Another interesting
finding was  that blood lactate
measurements were greatest after LIGHT-
48 and HEAVY-72MATCHED, further
supporting that these protocols required
more maximal efforts. However, as
mentioned  above, @ HEAVY-72MATCHED
consisted of an unrealistic exercise design
that was extremely difficult and unsafe to
perform.

In summary, this study examined the
effects of exercise-intensity and kg/set on
energy expenditure during maximally
explosive resistance exercise by comparing
four different protocols. Figure 4 provides
a schematic representation, based on the
results presented here and previous
scientific findings (10, 19, 24), of the
influences of traditional and explosive
contractions, and the effect of lowering the
kilograms per set on energy expenditure
with resistance exercise. These results are
the first to suggest that exercise-intensity
may not affect energy expenditure when
explosive contractions are used. However,
since peak power and rates of energy
expenditure were higher, we recommend
that light loading with approximately 50%
of 1-RM be used when trying to enhance
energy  expenditure responses  with
explosive resistance exercise. Our results
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also reinforce previous findings (10, 24),
since we demonstrated that heavy loading
optimized energy expenditure when kg/set
were maintained. However, heavy loading
may not be preferred for optimizing energy
expenditure with explosive resistance
exercise because the exercise design
requires more sets of fewer repetitions
which reduces the amount of kg/set.
Lastly, our results are also the first to show
that lowering the kg/set dramatically
reduced rates of energy expenditure, even
when total kilograms lifted during each
protocol were matched. Thus, fitness
professionals  should  consider  the
kilograms-per-set as an acute variable for
resistance exercise program designs.

ACKNOWLEDGEMENTS

The authors would like to thank the study
volunteers for their participation in this
study. This study was supported in part by
the Salisbury University Department of
Health and Sport Sciences, University
Student Academic Research  Award
(USARA), and Healthy U of Delmarva
(www.healthyudelmarva.org).

REFERENCES

1. Barclay CJ, Constable ]JK, and Gibbs CL.
Energetics of fast- and slow-twitch muscles of the
mouse. ] Physiol 472: 61-80, 1993.

2. Behm DG, and Sale DG. Intended rather than
actual movement velocity determines velocity-
specific training response. ] Appl Physiol 74: 359-
368, 1993.

3. Caserotti P, Aagaard P, Larsen JB, and Puggaard
L. Explosive heavy-resistance training in old and
very old adults: changes in rapid muscle force,
strength and power. Scand ] Med Sci Sports 18: 773-
782, 2008.

http:/ /www.intjexersci.com



4. de Vos NJ, Singh NA, Ross DA, Stavrinos TM, Orr
R, and Fiatarone Singh MA. Effect of power-training
intensity on the contribution of force and velocity to
peak power in older adults. ] Aging Phys Act 16:
393-407, 2008.

5. Freund HJ. Motor unit and muscle activity in
voluntary motor control. Physiol Rev 63: 387-436,
1983.

6. Gladden LB, and Welch HG. Efficiency of
anaerobic work. ] Appl Physiol 44: 564-570, 1978.

7. Grimby L, and Hannerz ]. Firing rate and
recruitment order of toe extensor motor units in
different modes of voluntary conraction. J Physiol
264: 865-879, 1977.

8. He ZH, Bottinelli R, Pellegrino MA, Ferenczi MA,
and Reggiani C. ATP consumption and efficiency of
human single muscle fibers with different myosin
isoform composition. Biophys J 79: 945-961, 2000.

9. Henneman E, and Olson CB. Relations between
Structure and Function in the Design of Skeletal
Muscles. ] Neurophysiol 28: 581-598, 1965.

10. Hunter G BL, Dunnam L, Flemming. Bench Press
Metabolic rate as a function of exercise intensity.
Journal of Applied Sport Science Research 2: 1-6,
1988.

11. Jackson, A.S., and M.L. Pollock. Generalized
equations for predicting body density of men. Br. J.
Nutr. 40:497-504.1978.

12. Kang J, Hoffman JR, Im J, Spiering BA, Ratamess
NA, Rundell KW, Nioka S, Cooper J, and Chance B.
Evaluation of physiological responses during
recovery following three resistance exercise
programs. ] Strength Cond Res 19: 305-309, 2005.

13. Katz A, Sahlin K, and Henriksson J. Muscle ATP
turnover rate during isometric contraction in
humans. ] Appl Physiol 60: 1839-1842, 1986.

14. Kawamori N, and Haff GG. The optimal training
load for the development of muscular power. ]
Strength Cond Res 18: 675-684, 2004.

International Journal of Exercise Science

282

EXPLOSIVE CONTRACTIONS, EXERCISE-INTENSITY & ENERGY EXPENDITURE

15. Kraemer WJ, Adams K, Cafarelli E, Dudley GA,
Dooly C, Feigenbaum MS, Fleck SJ, Franklin B, Fry
AC, Hoffman JR, Newton RU, Potteiger ], Stone MH,
Ratamess NA, and Triplett-McBride T. American
College of Sports Medicine position stand.
Progression models in resistance training for healthy
adults. Med Sci Sports Exerc 34: 364-380, 2002.

16. Kraemer W], and Newton RU. Training for
muscular power. Phys Med Rehabil Clin N Am 11:
341-368, vii, 2000.

17. Kraemer W], and Ratamess NA. Fundamentals
of resistance training: progression and exercise
prescription. Med Sci Sports Exerc 36: 674-688, 2004.

18. Mayhew JL, Ware JS, Johns RA, and Bemben
MG. Changes in upper body power following
heavy-resistance strength training in college men.
Int ] Sports Med 18: 516-520, 1997.

19. Mazzetti S, Douglass M, Yocum A, and Harber
M. Effect of explosive versus slow contractions and

exercise intensity on energy expenditure. Med Sci
Sports Exerc 39: 1291-1301, 2007.

20. Pereira MI, and Gomes PS. Movement velocity in
resistance training. Sports Med 33: 427-438, 2003.

21. Schiaffino S, Hanzlikova V, and Pierobon S.
Relations between structure and function in rat
skeletal muscle fibers. ] Cell Biol 47: 107-119, 1970.

22. Scott CB. Contribution of blood lactate to the
energy expenditure of weight training. J Strength
Cond Res 20: 404-411, 2006.

23. Siri, W.E. Body composition from fluid spaces
and density: analysis of methods. In: Techniques for
Measuring Body Composition. ]J. Brozek and A.
Henschel, Eds. Washington: National Academy of
Sciences. pp. 223-244, 1961.

24. Thornton MK, and Potteiger JA. Effects of
resistance exercise bouts of different intensities but
equal work on EPOC. Med Sci Sports Exerc 34: 715-
722,2002.

http:/ /www.intjexersci.com



