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Abstract: The purpose of this study was to investigate the time course of hypertrophic adaptations in both the upper arm and trunk muscles
following high-intensity bench press training. Seven previously untrained young men (aged 25+ 3 years) performed free-weight bench press
training 3 days (Monday, Wednesday and Friday) per week for 24 weeks. Training intensity and volume were set at 75% of one repetition
maximum (1-RM) and 30 repetitions (3 sets of 10 repetitions, with 2 —3 min of rest between sets), respectively. Muscle thickness (MTH) was
measured using B-mode ultrasound at three sites: the biceps and triceps brachii and the pectoralis major. Measurements were taken a week prior
to the start of training, before the training session on every Monday and 3 days after the final training session. Pairwise comparisons from baseline
revealed that pectoralis major MTH significantly increased after week-1 (p=0.002), triceps MTH increased after week-5 (p=0.001) and 1-RM
strength increased after week-3 (p=0.001) while no changes were observed in the biceps MTH from baseline. Significant muscle hypertrophy
was observed earlier in the chest compared to that of the triceps. Our results indicate that the time course of the muscle hypertrophic response

differs between the upper arm and chest.
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Introduction

Heavy resistance training consistently increases skeletal
muscle size and strength in men and women regard-
less of age [1, 2]. Although most studies have evalu-
ated muscle hypertrophy and increased strength at the
beginning and end of the training, fewer studies have
investigated the time course of the muscle hypertrophic
adaptations to heavy resistance training. These studies
demonstrated that heavy resistance training-induced
muscle adaptations are greater during the early phase
(i.e., first ~10 weeks) of training than during the later
phase [3—-6] and that a significant increase in muscle
size had occurred ~4 weeks following the initiation
of resistance training [3, 7, 8]. Most of these studies
observed limb muscle hypertrophy; however, very few
studies report on muscle size changes of the trunk fol-
lowing heavy resistance training [3, 9]. One study re-
ported on the time course of chest muscle hypertrophy
following whole body (4 upper body and 2 lower body
exercises) resistance training (3); however, the muscle
hypertrophy was influenced by multiple exercises during
the training sessions. In general, it is thought that the
muscle hypertrophic responses are almost identical be-
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tween trunk and limb muscles. However, it is unknown
whether the time course of hypertrophic adaptations
is the same between trunk and limb muscles following
a single mode of multi-joint heavy resistance training.
The purpose of this study was to investigate the time
course changes in muscle size in both the chest and up-
per arm following 24 weeks of heavy bench press train-
ing. We hypothesized that trunk and limb hypertrophic
responses would differ after a single mode of multi-joint
heavy resistance training.

Methods

Seven healthy young men volunteered to participate in
this study (aged 25+ 3 years, height 1.73+£0.08 m, body
mass 65.4+6.2 kg). All subjects were informed of the
procedures, risks, and benefits, and signed an informed
consent document approved by the University of Tokyo.
All subjects were considered untrained and had not par-
ticipated in a regular resistance exercise program for at
least 1 year prior to the start of the study.

The subjects performed supervised free-weight bench
press training 3 days (Monday, Wednesday and Friday)
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per week for 24 weeks. Training intensity and volume
were set at 75% of one repetition maximum (1-RM) and
30 repetitions (3 sets of 10 repetitions, with 2—3 min of
rest between sets), respectively. The 1-RM was assessed
using free-weight bench press a week prior to the start of
the training (after two times of familiarization) and ev-
ery 3 weeks during training. The training load for each
subject was then adjusted to the new 1-RM. During
training sessions as well as 1-RM testing, the pronated
grip width was set at 200% of the biacromial breadth for
standardization across subjects. The 1-RM was deter-
mined by progressively increasing (to the nearest 2.5 kg
increment) the weight lifted until the subject failed to
lift the weight through a full range of motion. Usually
about five trials were required to complete a 1-RM test.
Approximately a 1.5-min rest was taken between trials.

Muscle thickness (MTH) was measured using B-
mode ultrasound (Aloka SSD-500, Tokyo, Japan) at
three sites: the biceps and triceps brachii (at 60% dis-
tal between the lateral epicondyle of the humerus and
the acromial process of the scapula), and the pectora-
lis major (at the site between third and fourth of costa
under the clavicle midpoint), as described previously
[10, 11]. Prior to the testing, measurement points on
the biceps (BB), triceps (TB) and pectoralis major (PM)
were marked by a felt pen, and the same measurement
points were used for each testing session. The measure-
ments were carried out while the subjects stood with
their elbows extended and relaxed. A 5-MHz scanning
head was placed on the measurement site without de-
pressing the dermal surface. The subcutancous adipose
tissue—muscle interface and the muscle-bone interface
were identified from the ultrasonic image, and the dis-
tance between two interfaces was taken as MTH. Pre-
vious studies have reported that MTH is strongly cor-
related (»=0.90-0.97) with muscle cross-sectional area
or muscle volume in upper arm and chest muscles [11,
12]. Measurements were taken a week prior to the start
of training, before the training session on every Mon-
day, and 3 days after the final training session. Pilot
data from our laboratory suggest that the acute increase
in MTH (~12%) following bench press returns to pre-
exercise levels within 24 h and is maintained for up to
48 h after the session. This suggests that the measured
MTH is unaffected by the exercise-induced acute in-
flammatory response although it is acknowledged that is
an indirect marker of muscle damage. The test—retest re-
liability for this method was less than 1% for the biceps
and triceps [10] and 1.7% for chest [11], as described
previously.

Statistical analysis was performed by one-way repeat-
ed measures ANOVAs for strength and MTH. Statisti-
cal significance was set at p<0.05. When a significant
time effect was observed, paired sample z-tests deter-
mined differences in MTH from pre-values to 24 weeks
(24 comparisons) with a Bonferroni corrected alpha of
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$<0.002. When a significant time effect occurred for
strength, paired sample #-tests were performed from
pre-values to 24 weeks (9 comparisons) using a Bon-
ferroni corrected alpha of p<0.006. In addition, paired
sample #tests were performed for strength and MTH
between pre vs. 3 and 6 weeks (Phase 1); 6 weeks vs. 9,
12 and 15 weeks (Phase 2); and 15 weeks vs. 18, 21 and
24 weeks (Phase 3) using a Bonferroni corrected alpha
of p<0.006. The rate of change in MTH and strength
was determined with a logarithmic regression model.

Results

One-way repeated measures ANOVA analysis revealed a
significant time effect for strength (p=0.001) and MTH
(PM, p=0.001; TB, p=0.001; and BB, p=0.035). Pair-
wise comparisons from baseline revealed that PM MTH
significantly increased after week-1 (p=0.002), TB
MTH significantly increased after week-5 (p=0.001) and
strength significantly increased after week-3 (p=0.001)
(Fig. 1). No significant changes were observed in the
BB MTH from baseline using the Bonferroni corrected
alpha $<0.002.

Table I shows changes in MTH and strength dur-
ing different phases of training. PM MTH and strength
significantly increased in all three phases of training. TB
MTH increased in phases 1 and 2, and BB MTH did
not significantly increase in any phase.

The logarithmic regression model equations exam-
ining the rate of change were y=21.597+(2.542 * In
(x)) for PM (#=0.960), y=34.246+(1.869 * In (x)) for
TB (+7=0.976), and y=42.729+(10.675 * In (x)) for
strength (7=0.993).

Discussion

The main findings of the present study were that the
time course of muscle hypertrophy differs between the
upper arm (triceps brachii) and trunk (pectoralis major)
muscles; e.g. significant increase in muscle hypertrophy
occurred earlier in the trunk compared to that of the
upper arm. Furthermore, the trunk muscle increased
gradually throughout the training period while the tri-
ceps muscle increased significantly in only early phases
(~week 15).

Previous studies investigating limb muscle hypertro-
phy following heavy resistance training reported that a
significant increase in limb muscle size had occurred af-
ter ~4 weeks of heavy resistance training [3, 7, 8]. How-
ever, it was unknown whether the time course of muscle
hypertrophy was the same between trunk and limb mus-
cles following multi-joint single exercise training. Our
results suggest that trunk muscle hypertrophy occurs
carlier and that the increases were observed throughout
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Muscle thickness changes following training

Table I Changes in muscle thickness and maximal dynamic
(1-RM) strength each 3 weeks period during 24 weeks of
heavy bench press training

PM (mm) TB (mm) BB (mm) 1-RM (kg)
Pre 21.1(3.2) 34.2(34) 25.1(3.9) 51.0 (9.8)
3weeks  24.5(3.6)" 35.8(3.4)" 25.0(3.3) 55.3 (11.3)*
6 weeks  25.3(3.8)" 37.7(3.1)" 254(27) 61.2(12.6)°
9weeks  27.0 (4.1)° 384(3.0) 252(2.8) 65.7(13.9)°
12 weeks  27.7 (4.2)° 39.1(2.9) 26.2(2.8) 68.7 (14.0)°
15 weeks  28.4 (4.2)° 39.0 (2.6)* 26.5(2.9) 71.2(14.1)°
18 weeks  29.1 (4.3) 39.3(3.0) 25.8(2.6) 73.5(15.7)
21 weeks 29.4 (4.5) 39.8(3.2) 26.0(2.7) 75.6(16.4)
24 weeks  30.2 (4.4)° 40.1(3.1) 26.0(2.6) 774 (16.9)°

* Pre vs. 3 and 6 weeks; ® 6 vs. 9, 12, 15 weeks; © 15 vs. 18, 21, 24 weeks. Sig-
nificance was set at a Bonferroni corrected alpha of p < 0.006. All values are
represented as mean (SD)

the training period following heavy bench press exercise
training.

In the present study, the grip width was set at 200%
of the biacromial distance (BAD) for standardization
across subjects. Previous studies using experienced
weightlifters reported that moving from a narrow (100%
of BAD) to a wider pronated grip (200% of BAD) width
increased muscle activity in the sternoclavicular portion
of the pectoralis major and decreased triceps brachii ac-
tivity [13, 14]. However, grip width appeared to have
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1

no influence on muscle activity in the clavicular portion
of the pectoralis major muscle [13, 14]. In this study,
the MTH measurement site of the pectoralis major was
between the third and fourth costa under the clavicle
midpoint, where previous studies have found no ditfer-
ences in muscle activation. Therefore, the grip width in
this study did not likely affect the results.

Our findings showed that the time course of muscle
hypertrophy differs between upper arm and trunk mus-
cles. The reasons for this phenomenon are unclear, but
a couple of possibilities exist. First, the different time
course of the two muscles may reflect differences in the
load imposed on each individual muscle (pectoralis ma-
jor, triceps brachii and deltoid) during the bench press
exercise, ultimately affecting the degree of muscle ac-
tivation. This is of importance because it has been hy-
pothesized that levels of muscle activation are related
to changes in muscle protein synthesis [15]. Second,
although speculative, it is possible that the muscle pro-
tein synthetic capacity is greater in muscles of the trunk
compared with that of the limbs. Unfortunately, the
molecular mechanisms for upper body muscle hypertro-
phy are currently under studied when compared with
what is known for the lower body. However, the results
of the present study suggest that heavy resistance ex-
ercise induced activation of muscle protein metabolism
may be more responsive in the chest muscle compared
to the triceps brachii muscle. Further study is needed to
clarity this issue.
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Time course changes in muscle thickness of the upper arm and chest muscles and maximal dynamic (1-RM) strength during 24 weeks

of heavy bench press training. Values are means£SD. *£<0.05, significant increase in muscle hypertrophy appeared from baseline
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In conclusion, significant increases in muscle hyper-
trophy were observed earlier in the chest compared to
that of the upper arm. Furthermore, the trunk muscle
increased gradually throughout the training period
while the triceps muscle increased in only carly phases
(~week 15). Our results indicate that the time-course of
the muscle hypertrophic response differs between the
upper arm and chest.
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