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SHORT COMMUNICATION

Does the addition of lower-body aerobic exercise as a warm-up
improve upper-body resistance training performance
more than a specific warm-up alone?

Naoki Ushirooka, Kotaro Muratomi, Shin Omura, Satoru Tanigawa

Objective: This study aimed to examine whether the addition of lower-body aerobic exercise as a warm-up (LGw) improves
upper-body resistance training (RT) performance more than a specific warm-up (Sw) alone and to investigate whether
maximal muscular strength modulates the performance-enhancing effect of LGw.

Design: Randomized crossover design.

Methods: Fourteen male participants performed 3 sets of 80%1RM bench press under two warm-up conditions. In one con-
dition, the participants performed only a Sw for the bench press exercise. In the other condition (LGw + Sw), the partici-
pants performed cycling for 20 minutes and the Sw for the bench press exercise.

Results: There was no statistically significant difference in the total number of repetitions (REPTotaL) and the mean propul-
sive velocity (MPV) of the barbell during the concentric phase between the Sw and LGw + Sw. Also, IRM did not modu-
late the relationship between Sw and LGw + Sw for REPtoraL and maximum MPV among all sets.

Conclusion: This study suggests that the LGw in addition to the Sw does not have large additional effects on performance
during upper-body RT. In addition, maximal muscular strength does not modulate the performance-enhancing effect of

the LGw on upper-body RT performed at 80%I1RM.
(Journal of Trainology 2023;12:24-28)
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INTRODUCTION

A warm-up involves preparatory exercises before the main
activity and is considered beneficial for improving perfor-
mance and reducing the risk of injury.? A widely practiced
warm-up consists of a general warm-up (Gw) and a specific
warm-up (Sw). The Gw involves low-intensity aerobic exer-
cise to increase muscle temperature, while the Sw involves
exercises to activate a neuromuscular system and rehearse
main activity.

Maximal muscular strength is considered an important
physical variable in any athletic performance,® and resistance
training (RT) is an effective means of enhancing maximal
muscular strength. General guidelines recommend perform-
ing a warm-up before RT.* In fact, some scientific evidence
supports the effects of an Sw on RT,>¢ but few reports are
available on a Gw. A few studies have reported that 15-20
minutes of cycling at 40-60% of maximum heart rate
(HRwMmax) improved one repetition maximum (1RM) leg
press.”® These results suggest that lower-body aerobic exer-
cise as a Gw (LGw) improves the quantity and quality of low-
er-body RT.

The performance-enhancing effects of a warm-up would be

associated with an increase in muscle temperature,”' and
lower-body aerobic exercise increases upper-limb muscle tem-
perature.!! Therefore, an LGw also has the potential to
improve performance during upper-body RT. However, the
only study to our knowledge that examined the effects of LGw
on upper body RT reported that LGw did not increase the
number of repetitions (REP) for bench press and arm curl.!?
These results would be attributed to the facts that Ribeiro et
al. (2014) recruited participants who had not performed RT
for at least 6 months, and had the participants perform repeti-
tions-failure tasks four times in a week. These facts are con-
sidered to have led to fatigue and influenced the results, so
further studies with due consideration of fatigue are needed.

It has been suggested that increasing total load (sets x repe-
titions x load) leads to greater muscular adaptation.' If there
is no time limit, adding sets or other resistance exercises are
effective means of increasing the total load. On the other
hand, for those who would like to perform not only RT but
also light aerobic exercise, which is beneficial for body mass
and body fat loss as well as health' within a limited training
time, increasing REP in each set without adding other sets
and resistance exercises are effective means of increasing the
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total load. Therefore, it is meaningful to investigate the effect
of LGw on REP by performing a repetitions-failure task.

In addition, although warm-up needs to be individualized
to optimize the effectiveness, but few studies have examined
the relationship between individual characteristics and perfor-
mance improvement. Gray et al. (2005) have reported that
individuals with a higher percentage of myosin heavy chain
(MHC) ITA had greater increases in average and peak power
during sprint cycling by increasing muscle temperature.'® In
addition, the relative MHC IIA content can account for
approximately 30% of the shared variance in isoinertial, iso-
metric, and isokinetic strength indices.!” Thus, maximal mus-
cular strength is an indicator of MHC IIA content and has the
potential to be a variable that modulates the performance-
enhancing effect of LGw.

Therefore, this study aimed to examine whether the addi-
tion of the LGw improves performance during the upper-body
repetitions-failure task more than a Sw alone and maximal
muscular strength is a variable that modulates the perfor-
mance-enhancing effects of the LGw.

METHODS

Experimental approach to the problem

This study employed a crossover design, in which the par-
ticipants performed 3 sets of bench press at 80%1RM until
voluntary exhaustion under 2 different warm-up conditions
more than three days after measuring their maximal muscular
strength. In one condition (Sw), the participants performed
only a specific warm-up for the bench press exercise. In the
other condition (LGw + Sw), the participants performed a gen-
eral warm-up with cycling and a specific warm-up for the
bench press exercise. The order of the two conditions was ran-
domized. The two conditions were separated by at least 4
days and performed at the same time of the day. The tempera-
ture in the laboratory was maintained within a standardized
range of 22-24°C. In addition, we instructed the participants
to abstain from strenuous physical activity, creatine, and caf-
feine for 48 hours before the experiment.

Participants

This study included fourteen men (age: 23.0 + 1.6 years,
body mass: 73.7 = 12.4 kg, height: 176.4 + 6.4 cm, training
experience: 5.0 = 2.0 years, training frequency: 2.4 £ 1.1 times/
week, bench press IRM: 87.5 + 13.3 kg) who had at least one
year of RT experience. In addition, the participants were able
to perform bench press with a load greater than their body
mass and had no upper-body injuries. This study was approved
by the ethics review board of the University of Tsukuba.
Written informed consent was obtained from all of the partic-
ipants before beginning any experimental procedures.

Maximal muscular strength measurements

Following standard procedures,' the bench press IRM was
directly measured. First, the participants performed 5 minutes
of cycling using Wattbike trainer (Wattbike Ltd, Nottingham,
UK) and 5 static stretching exercises of the muscle groups
involved in the bench press: around the wrist, shoulder, chest,
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and lower back muscles for 20 seconds each. Then, the partic-
ipants performed 10, 8, and 3 repetitions of bench press using,
20 kg, 50%, and 70% of their estimated 1RM. The rest peri-
ods between sets were 2 minutes. After the warm-up, 3-6 tri-
als were performed to determine the IRM. After each trial,
the load was increased or decreased by 5 or 10 kg. This pro-
cess was repeated until failure. The rest periods between each
trial were 3-5 minutes. The participants were instructed to
keep the back of their heads, shoulders, and hips in contact
with the bench during the exercise. Both feet were firmly
grounded, and their knees were bent at approximately 90
degrees. The range of motion was defined as lowering the
barbell until it touched the chest and raising it until the elbow
joint was fully extended. The participants were instructed not
to bounce the barbell on their chest, and the grip width was
standardized by measuring the distance between their index
fingers.

Specific warm-up protocol

The participants arrived at the laboratory and rested for 5
minutes. Then, they performed 1 set each of the bench press
at 40%1RM for 5 repetitions, at 60%I1RM for 3 repetitions,
and 80%1RM for 1 repetition. The rest period between sets
was 2 minutes. Based on previous studies, this protocol was
designed to meet 4 conditions: progressively increasing load,
including sets performed at 60-80%1RM, and multiple repeti-
tions and sets.!”-!8

General and specific warm-up protocol

The participants arrived at the laboratory and rested for 5
minutes. Afterward, they performed cycling at 60-70 rpm
using Wattbike trainer (Wattbike Ltd, Nottingham, UK) for
20 minutes. During cycling, the participants monitored their
heart rate and adjusted the pedal load to maintain 60% of the
predicted HRmax (calculated as 208 - [0.7*age]).!” Based on
previous studies, the intensity and duration of the LGw were
selected to increase upper-limb muscle temperature by
approximately 1°C.!! The Sw was performed 2 minutes after
the LGw.

Performance test

3 minutes after the end of the warm-up protocol, the partic-
ipants performed 3 sets of bench press at 80%I1RM with each
set performed to failure. The barbell was lowered for 2 sec-
onds and raised as quickly as possible. The rest period
between sets was 3 minutes. The participants followed the
same instructions for the proper form that were provided dur-
ing the IRM measurement.

Data measurement

Polar H10 (Polar Electro Oy., Kempele, Finland) was used
to measure the heart rate (HR). HR was recorded at a sam-
pling frequency of 1 Hz. The average heart rate at each set
and rest was calculated and analyzed.

Lactate Pro 2 (Arkray Inc., Kyoto, Japan) was used to mea-
sure the blood lactate (BLa). The blood samples were collect-
ed one minute before the start and one minute after the end of
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Table 1 Measured variables during performance test

Set 1 pre Set 1 post Set 2 pre Set 2 post Set 3 pre Set 3 post
Sw 1.8 £ 0.5 45+ 0.8 6.0 + 1.6 6.5 + 0.9 7.0 £ 13 7.0 £13
BLa [mmol/1] LGw + Sw 22+ 0.6 52+ 0.9 63 £ 1.5 71+ 1.5 7.5 +£2.0 7.6 £ 1.8
ES 0.53 0.51 0.24 0.17 0.24 0.46
Set 1 Rest 1 Set 2 Rest 2 Set 3
Sw 109.3 = 16.9 872 £ 11.4 108.6 = 16.4 87.8 + 11.6 106.8 + 15.8
HR [bpm] LGw + Sw 1143 + 15.0 94.1 £ 10.9 115.6 + 124 943 + 8.9 110.0 + 11.7
ES 0.45 0.58 0.41 0.60 0.31
Set 1 Set 2* Set 3 Total
Sw 102 £ 1.8 6.1 + 1.0 43 + 1.5 20.6 £ 3.3
REP [n] LGw + Sw 10.1 = 1.7 6.9 + 0.9 39+ 1.0 209 £ 2.5
ES 0.07 0.66 0.51 0.16
Set 1 Set 2 Set 3
Sw 0.41 + 0.08 0.32 + 0.06 0.28 + 0.04
MPV [m/s] LGw + Sw 0.41 £ 0.07 0.33 £ 0.07 0.27 £ 0.05
ES 0.00 0.31 0.22

Data are presented as the mean + standard deviation

BLa, blood lactate; ES, effect size; HR, heart rate; LGw, lower-body aerobic exercise performed as a general warm-up; MPV, mean propulsive velocity;

REP, the number of repetitions; Sw, specific warm-up
*p <0.05 (Sw vs. LGw + Sw)

each set.

REP for each set was recorded. One repetition was counted
when the barbell was lowered until it touched the chest and
then raised until the elbow joint was fully extended.

During the performance test, we measured the mean pro-
pulsive velocity (MPV) of the barbell during the concentric
phase which has a strong correlation with IRM.?® For each
repetition, MPV was measured using Vitruve (SPEED4LIFTS
S.L., Madrid, Spain) at a sampling frequency of 100 Hz. The
maximum value of each set and the maximum value among
all sets were analyzed.

Statistical analysis

The Shapiro-Wilk test was performed to check whether all
variables were normally distributed. The results showed that
MPV and the total number of repetitions (REPToTAL) Were
normally distributed, while BLa, HR, and REP were not.
Therefore, for verification of differences between Sw and
LGw + Sw in MPV, we used a parametric two-way (condition
x time or set) ANOVA test. Before performing a parametric
two-way ANOVA, Mauchly’s test was used to test for spheric-
ity. When a violation of sphericity occurred, the Greenhouse-
Geisser corrected p-value was reported. In cases of a signifi-
cant interaction effect or main effect for the condition, post-
hoc comparisons were conducted using paired t-tests with
Bonferroni correction to compare Sw with LGw + Sw. Paired
t-test was also used to compare REPTtoTaL between the two
conditions.

For verification of differences between Sw and LGw + Sw in
BLa, HR, and REP, we used an aligned rank transformed
repeated-measures nonparametric two-way (condition x time
or set) ANOVA test.?! In cases of a significant interaction

effect or main effect for the condition, post-hoc comparisons
were conducted using Wilcoxon signed-rank test with
Bonferroni correction to compare Sw with LGw + Sw.

A moderation analysis was performed to test whether
directly measured 1RM is a variable that modulates the effect
of LGw on REPtotaL and maximum MPV during the perfor-
mance test.”> The analysis was performed in two cases: for all
participants and for the 13 participants excluding one partici-
pant whose 1RM was 2.83*SD higher than the mean value.
1RM of the 13 participants, excluding the participant whose
IRM was 2.83*SD higher than the mean value, were within
the mean + 1.0*SD.

The statistical significance was set at p < 0.05. To assess the
magnitude of differences between Sw and LGw + Sw, effect
sizes (Pearson’s r) were calculated using the t-values from
paired t-tests and z-values from non-parametric tests as
appropriate.”*** All statistical analyses were performed using
the SPSS software version 28.0 (IBM Corp, Armonk, USA).

RESULTS

Blood lactate

There was no statistically significant interaction effect
(condition x time) for BLa (p = 0.298). However, there was a
significant main effect for the condition (p = 0.025), and BLa
was significantly higher in the LGw + Sw than in the Sw (p =
0.013). Also, main effect for the time was revealed for BLa
(p <0.001).

Heart rate

There was no statistically significant interaction effect
(condition x time) for HR (p = 0.973). However, there was a
significant main effect for the condition (p = 0.024), but there



Ushirooka et al.

was no statistically significant difference between the LGw +
Sw and the Sw. Also, main effect for the time was revealed for
HR (p <0.001).

The number of repetitions

There was a significant interaction effect (condition x set)
for REP (p = 0.004), and the LGw + Sw was significantly
higher than the Sw in Set 2 (p = 0.013). No statistically signif-
icant difference was revealed for Set 1 (p = 0.782), Set 3 (p =
0.059), and REPTotaL (p = 0.565) between the LGw + Sw and
Sw.

Mean propulsive velocity during the concentric phase

There was no statistically significant interaction effect
(condition x set) for MPV (p = 0.383). Also, no main effect for
the condition was revealed for MPV (p = 0.959). A main
effect for the set was revealed for MPV (p < 0.001).

Moderation analysis

Analysis for all participants showed that IRM modulated
the relationship between Sw and LGw + Sw for MPVmaximum
(r=-0.544, p = 0.044), but not modulated REPToTAL (I =
0.180, p =0.538). Analysis for the 13 participants, excluding
one participant whose 1RM was 2.83*SD greater than the
mean value, showed that IRM did not modulate the relation-
ship between Sw and LGw + Sw for REPtoraL (r=0.049, p =
0.873) and MPVmaxivum (r = 0.230, p = 0.450).

DISCUSSION

This study revealed that the LGw did not significantly
increase REPTotaL and MPV during the bench press exercise.
On the other hand, the LGw tended to sustainably increase
HR during the performance test and significantly increased
REP in Set 2. The increase in HR would be associated with an
increase in muscle blood flow, which would promote the
removal of lactate and hydrogen ions produced during exer-
cise.”® Therefore, the increase in HR may contribute to reduc-
ing fatigue-induced performance deficits. Bogdanis et al.
(1996) have reported that cycling at 40% maximal oxygen
uptake to increase HR during the rest period between sets of
sprint cycling (2 sets x 30 seconds) prevented a decrease in
cadence from the Ist set to the 2nd set.? Thus, the sustained
increase in HR resulting from performing the LGw may con-
tribute to preventing the reduction in REP from Set 1 to Set 2.

Regarding the moderation analysis, we confirmed that the
participants whose 1RM was 2.83*SD higher than the mean
had a very large influence on the results. Specifically, the cor-
relation coefficient (r) changed by 0.724 when the participant
was included and excluded. Therefore, we decided that the
results of the 13 participants without the participant were
more appropriate and discussed them. Contrary to our predic-
tion, this study suggested that IRM did not modulate the per-
formance-enhancing effects of the LGw. In formulating this
prediction, Gray et al. (2005), to whom we refer, reported that
individuals with a greater percentage of MHC IIA, which is
associated with muscular strength,' had greater increases in
average and peak power during sprint cycling as a result of
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increased muscle temperature. In contrast, the performance
test in our study was the 80%1RM bench press, not sprint
cycling. This difference would be one of the reasons why
IRM did not modulate the performance-enhancing effects of
LGw. To our knowledge, no studies have examined the rela-
tionship between muscle fiber composition and changes in
performance due to increased muscle temperature during
high-force, low-velocity exercise. Therefore, there is a need to
investigate the relationship between muscle fiber composition
and changes in performance due to increases in muscle tem-
perature during high-force, low-velocity exercise, such as
resistance exercise, and to further investigate whether muscu-
lar strength modulates the performance-enhancing effects of
LGw during high-velocity exercises, such as sprint cycling
and bench press throw.

However, this study has several limitations which should be
addressed. The first limitation is that this study did not mea-
sure muscle temperature, muscle blood flow, and muscle fiber
composition. Therefore, it is necessary to investigate the
effects of these physiological variables on the variability of
performance during RT. The second limitation is that this
study only examined the acute effects of the LGw, so the
effects of the LGw on long-term muscle adaptation are
unclear. A third limitation is that the participants in this study
were only young men who routinely perform RT. In order to
obtain more universal findings on the effects of the LGw on
upper-body RT, it is necessary to examine the effects of the
LGw on individuals who have different maximal muscular
strength from those of the participants in this study (e.g.,
powerlifters, women).

CONCLUSION
This study suggests that the LGw in addition to the Sw does
not have large additional effects on performance during
upper-body RT. In addition, maximal muscular strength does
not modulate the performance-enhancing effect of LGw on
upper-body RT performed at 80%1RM.
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