AGE (2014) 36:881-892
DOI 10.1007/511357-013-9611-2

Time course of low- and high-volume strength training
on neuromuscular adaptations and muscle quality

in older women

Regis Radaelli - Cintia E. Botton - Eurico N. Wilhelm - Martim Bottaro - Lee E. Brown -
Fabiano Lacerda - Anelise Gaya - Kelly Moraes - Amanda Peruzzolo - Ronei S. Pinto

Received: 16 July 2013 / Accepted: 17 December 2013 /Published online: 11 January 2014

© American Aging Association 2014

Abstract This study investigated the effects of low- and
high-volume strength trainings on neuromuscular adap-
tations of lower- and upper-body muscles in older women
after 6 weeks (6WE), 13 weeks (13WE), and 20 weeks
(20WE) of training. Healthy older women were assigned
to low-volume (LV) or high-volume (HV) training
groups. The LV group performed one set of each exer-
cise, while the HV group performed three sets, 2 days/
week. Knee extension and elbow flexion one-repetition
maximum (1-RM), maximal isometric strength, maximal
muscle activation, and muscle thickness (MT) of the
lower- and upper-body muscles, as well as lower-body
muscle quality (MQ) obtained by ultrasonography, were
evaluated. Knee extension and elbow flexion 1-RM im-
proved at all time points for both groups; however, knee
extension 1-RM gains were greater for the HV group
after 20WE. Maximal isometric strength of the lower
body for both groups increased only at 20WE, while
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upper-body maximal isometric strength increased after
13WE and 20WE. Maximal activation of the lower and
upper body for both groups increased only after 20WE.
Both groups showed significant increases in MT of their
lower and upper body, with greater gains in lower-body
MT for the HV group at 20WE. MQ improved in both
groups after 13WE and 20WE, whereas the HV group
improved more than the LV group at 20WE. These results
showed that low- and high-volume trainings have a sim-
ilar adaptation time course in the muscular function of
upper-body muscles. However, high-volume training ap-
pears to be more efficient for lower-body muscles after
20 weeks of training.

Keywords Aging - One-repetition maximum - Muscle
thickness - Echo intensity

Introduction

During the aging process, especially from the sixth decade
onward, there is a decline in strength in the older popula-
tion. Due to the functional importance of strength, it im-
pacts many essential activities of daily living. This decline
in strength is intimately related to changes in the neuro-
muscular system, such as reducing muscle mass (Andersen
2003) and agonist activation (Aagaard et al. 2010).
Recently, it has also been linked with a decrease in muscle
quality (MQ) (Fukumoto et al. 2012). Strength training has
been shown to be safe and effective in attenuating the
effects of the aging process (Narici et al. 2005).
Nevertheless, the effectiveness of strength training is
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dependent on controlling various acute variables such as
training volume.

The volume of strength training is associated with
strength development and muscle hypertrophy
(Peterson et al. 2011) and, for this reason, has been
the focus of several investigations (Hanssen et al.
2012; Galvao and Taaffe 2005; Cannon and Marino
2010). Although a number of studies have explored
the topic, the adequate volume to induce muscle
hypertrophy and strength development in young sub-
jects remains controversial (Bottaro et al. 2011; Hass
et al. 2000; Krieger 2010; Kraemer et al. 2000;
Borst et al. 2001). Also, the optimal volume for
older people appears unknown and has received little
attention.

To the best of our knowledge, there are only two
studies exploring the effects of strength training volume
on neuromuscular adaptations in older people. Cannon
and Marino (2010) observed that after 10 weeks of
training, older women who trained using low- and
high-volume trainings demonstrated similar increases
in knee extensor strength and muscle volume.
However, Galvao and Taaffe (2005) observed that after
20 weeks, high-volume training induced greater in-
creases in one-repetition maximum (1-RM) when com-
pared to low-volume training. Thus, it appears that
training volume, in this population, is somewhat depen-
dent on training duration. Additionally, in both studies,
the training groups were heterogeneous, formed by
young and older women (Cannon and Marino 2010) or
older men and women (Galvdo and Taaffe 2005). It is
well known that age and gender are related to strength
gains and muscle mass development (Beneka et al.
2005; Ivey et al. 2000). Also, elderly people exhibit a
lower threshold for neuromuscular adaptations when
compared to young individuals (Rhea et al. 2003).
Consequently, the effects of training volume on neuro-
muscular adaptations in the older population require
further investigation (Rhea et al. 2003).

The ACSM Position Stand (2009) recommends that a
strength training regime that uses low-volume (single-
set) training is appropriate to induce significant im-
provements in the early stages and that once initial
fitness has been achieved, high-volume (three-set) train-
ing may be superior to low-volume training for further
development of strength and hypertrophy in young
healthy adults. Since older people have a lower thresh-
old for neuromuscular adaptations, they could experi-
ence strength gains from a strength program with low-
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volume training for a longer time. However, to our
knowledge, there are no published studies comparing
the adaptations promoted for low- and high-volume
trainings in older people during different lengths of
training.

Therefore, from the arguments described above,
the purpose of the present study was to compare
the effects and the time course of low- and high-
volume strength trainings on neuromuscular adapta-
tions of lower- and upper-body muscles in healthy
older women following different lengths of training.
We hypothesized that healthy older women will ben-
efit equally from low- and high-volume strength
trainings with respect to gains in upper-body muscles
independently of the lengths of training. However,
lower-body muscles could be more volume depen-
dent (Ronnestad et al. 2007); thus, it was hypothe-
sized that after a long period of training, a high-
volume training would elicit greater improvement
compared to a low-volume training.

Methods
Subjects

The sample size required for the present study was
calculated utilizing G*Power software (version
3.0.10), based on previous studies that analyzed the
effects of strength training volume in older subjects
(Galvao and Taaffe 2005; Cannon and Marino 2010).
Results indicated that nine subjects in each group would
provide a statistical power greater than 0.85 for all
variables.

Twenty-four healthy older women (60-74 years), not
involved in regular strength training for at least
3 months, volunteered for this study. All were free of
cardiovascular diseases and metabolic and orthopedic
conditions that would prohibit them from performing
physical exercise. None of the subjects were currently
taking antihypertensive, cardiovascular, or metabolic
medications. All volunteers were postmenopausal with
a normal body mass index. Subjects were carefully
informed of the procedures and methods of the study,
as well as possible benefits, risks, and discomfort that
might result from their participation. Thereafter, written
informed consent was obtained from all participants.
The institutional Research Ethics Committee approved
all procedures of the present study.
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Experimental protocol

The total duration of the study was 20 weeks (i.e., 40
training sessions). Subjects were tested on four separate
occasions, before starting the study (pre) and after
6 weeks (6WE), 13 weeks (13WE), and 20 weeks
(20WE) of training, by the same investigators using
identical procedures. All subjects were instructed to
avoid any changes in their diet or recreational physical
activities (e.g., walking, jogging, and biking) during the
course of the study.

Strength training protocol

Subjects were randomly assigned to either a one-set
low-volume group (LV; n=12) or a three-set high-
volume group (HV; n=12). During the 20 weeks of
training, subjects performed two workouts weekly, with
a minimum of 48 h between sessions. Both groups
trained according to similar procedures, differing only
in the number of sets. The subjects of the LV group
performed one set per exercise, while the subjects of the
HV group performed three sets per exercise. In each
workout, both groups performed the following exercises
in this order: bilateral knee extension, lat pull-down,
bilateral leg press, dumbbell elbow flexion, bilateral
leg curl, bench press, triceps extension, hip abduction
and adduction, and abdominal crunch. All participants
were supervised and monitored in every workout by at
least two trained investigators. All subjects participated
in at least 95 % of the training sessions (38 training
sessions).

Training intensity was altered equally for both
groups and was controlled using repetition maxi-
mum (RM); therefore, the heaviest possible weight
was used for the designated number of repetitions.
During the first 6 weeks, subjects trained with 15—
20 RM; in weeks 7-10, the intensity was 12—15
RM; in weeks 11-13, the intensity was 10-12
RM; in weeks 14-17, the intensity was 8-10
RM; and during the last 3 weeks, the intensity
was 6—8 RM. When they were able to perform
more repetitions than prescribed, an additional load
(2.5 to 5.0 kg) was added for the next workout. A
2-min rest period was given between sets for the
HV group. Both groups performed each repetition
with a movement duration of 2 s concentrically
and 2 s eccentrically.

Maximal dynamic strength

The 1-RM was used as a measure of maximal dynamic
strength of the knee extensors and of the right arm elbow
flexors. Subjects were positioned on a knee extension
machine and an elbow flexion preacher curl (World-
Esculptor, Porto Alegre, Brazil); they were then famil-
iarized with both exercises and performed a standard-
ized warm-up (ten repetitions with a light resistance).
The weights were increased until they could not suc-
cessfully move the resistance one time with the appro-
priate cadence (2 s concentric and 2 s eccentric) con-
trolled by an electronic metronome (Quartz, CA, USA).
All 1-RM values were achieved between three and five
attempts. An adequate amount of recovery time was
permitted between each attempt (3—5 min). The 1-RM
pre and after 6WE, 13WE, and 20WE of training were
conducted by the same investigator on the same ma-
chines and with identical subject/equipment positioning.
Before the training period, the 1-RM was tested twice
over a l-week period. The test-retest reliability
intraclass correlation coefficients (ICC) for knee exten-
sion and elbow flexion 1-RM were 0.96 and 0.90,
respectively.

Maximal isometric strength

Lower- and upper-body maximal isometric strengths
were measured bilaterally on a leg press and an elbow
flexion preacher curl (World-Esculptor, Porto Alegre,
Brazil), respectively. The isometric force-time curves
were obtained using a load cell (Primax, Sdo Paulo,
Brazil) coupled to the machines and connected to an
analog digital (A/D) converter (Miotool 4000, Porto
Alegre, Brazil). In the lower-body test, subjects were
sitting on the leg press machine with their hip, knee, and
ankle at 90° determined with a goniometer. They were
instructed to exert maximal strength against the leg press
platform under their feet. The upper-body test was per-
formed with subjects sitting on the machine with both
armpits supported on the preacher curl bench with a
shoulder flexion position at 60° and elbow flexion at
60° (90° relative to the floor) and holding a bar with
both hands supinated. They were instructed to exert
maximal strength against the bar which was attached
to the load cell and fixed to the floor. In both tests, each
subject performed three maximal voluntary efforts for
5's, with a 3-min recovery between each attempt. Verbal
encouragement was provided throughout both tests. The
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force—time curve was obtained in real time using
Miograph software (Miotec-Equipamentos Biomédicos,
Porto Alegre, Brazil) connected to a computer (Dell
Inspiron, Sdo Paulo, Brazil) with an acquisition
rate of 2.000 Hz. The force—time curves were
recorded, digitized, and analyzed using SAD32
software (developed by the engineering school of
the local university). Maximal isometric strength of
the lower and upper body was defined as the
highest value of the force—time curve (kg) of the
three attempts. At baseline, the maximal isometric
strength was tested twice with 1 week between
tests. The baseline test-retest ICC for lower- and
upper-body maximal isometric strengths were 0.84
and 0.87, respectively.

Maximal electromyographic activation

Maximal electromyographic (EMG) activation was
captured from the rectus femoris (RF), vastus
lateralis (VL), and vastus medialis (VM) muscles of
the right limb during the lower-body maximal iso-
metric strength test. RF, VL, and VM activation
were averaged to provide a global indication of
quadriceps muscle activation (QUAgyg). Likewise,
maximal EMG activation was captured from the
biceps brachii (BBgyg) muscle of the right arm
during the upper-body maximal isometric strength
test. Surface electrodes (Kendall Medi-Trace 200,
Mansfield, USA) were placed longitudinally in a
bipolar configuration along the direction of the mus-
cle fibers on the muscular belly (www.seniam.org)
with a constant interelectrode distance of 20 mm.
Before electrode placement, the skin was carefully
shaved and cleaned with isopropyl alcohol to reduce
impedance below 2.000 kQ. The locations of all
electrodes were mapped using a transparent paper
to ensure placement in the exact same position for
6WE, 13WE, and 20WE tests (Narici et al. 1989).
The EMG signal was recorded using an
electromyograph (Miotec-Equipamentos Biomédicos,
Porto Alegre, Brazil), amplified by a multiplication
factor of 100 and digitized at a sampling frequency
of 2.000 Hz by a personal computer. In the SAD32
software, the EMG signals were band-pass filtered
with cutoff frequencies of 20 and 500 Hz using
Butterworth. The root-mean-square (RMS) value of
each muscle was measured during 1 s at the force—
time curve plateau.
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Ultrasound measurements

A real-time B-mode ultrasonography (Philips-VMI,
Ultra Vision Flip, MG, Brazil) with a 7.5-MHz linear-
array probe (38 mm) was used to examine the muscle
thickness (MT) of the vastus intermedius (VI), VL, RF,
and VM and also the MT of the biceps brachii and
brachialis. The probe positions for MT measurements
were the same as those adopted in previous studies
(Chilibeck et al. 2004; Korhonen et al. 2009; Kumagai
et al. 2000; Miyatani et al. 2002). In order to ensure that
all MT measurements were at the same sites at all time
points, a transparent paper was used to map the site of
measurement (Narici et al. 1989). The probe was coated
with a water-soluble transmission gel to provide acous-
tic contact without depressing the dermal surface and
was aligned perpendicular to the muscle. Before any
assessment, subjects rested in a supine position for
20 min to allow fluid shifts to occur (Berg et al. 1993).
Measurements were taken between 3 and 5 days after
the last session to prevent swelling from contributing to
the MT. All measurements were carried out with sub-
jects lying supine with their elbows and knees extended.
All images were digitized and ImageJ software
(National Institutes of Health, USA, version 1.37) was
used for analysis. In each image, the subcutaneous ad-
ipose tissue—muscle interface and the muscle—bone in-
terface were identified. Then the distance between them
was accepted as MT. The quadriceps femoris MT (MT
QUAgym) was calculated from the sum of the muscles
(RF + VI + VL + VM) (Cadore et al. 2012) while the
elbow flexor muscle MT (MT EFgyy) was calculated
from the sum of the muscles BB and brachialis (Radaelli
et al. 2013). The same investigator conducted all ultra-
sound measurements at all test times. At baseline, all
MT measurements were made twice over a period of
1 week. The baseline test-retest ICC for MT of the knee
extensors were between 0.85 and 0.95, whereas the EF
was 0.89. The coefficient of variation for all MT mea-
surements was less than 3 %.

Muscle quality

MQ of the lower limb was measured using echo inten-
sity images obtained by ultrasonography (MQg;) (Arts
et al. 2010). The MQg; was determined using the stan-
dard function of the ImageJ software. A region of inter-
est was selected in the RF muscle which included as
much of the muscle as possible and avoided surrounding
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fascia. The mean echo intensity of the region of interest
was calculated, resulting in a number expressed between
0 and 255 (0 = black and white = 255). Echo intensity
was calculated using values from three images and the
mean value of these three images was assumed as MQg;.
The depth setting for echo intensity was fixed at 5 cm.
At baseline, the echo intensity was tested twice within a
1-week period and the test—retest reliability ICC of echo
intensity was 0.91.

Statistical analyses

All results are presented as means+SD. The within-
group comparisons were made using absolute values,
while differences between groups were tested with delta
values. Normality of the distribution, homogeneity, and
sphericity were tested using the Shapiro-Wilk, Levene,
and Mauchly tests, respectively. After the data showed
normality and homogeneity (p>0.05), a mixed-model
two-way analysis of variance (ANOVA) was used to
determine differences between groups over time (group
x time). Bonferroni post hoc tests were used to test for
pairwise differences when a significant interaction was
observed. Simple ANOVAs for repeated measures, with
Bonferroni post hoc tests, were used to identify differ-
ences when a significant F' value was observed in the
two-way ANOVA. The level of significance was set at
p=<0.05. All statistical procedures were performed using
the Statistical Package for Social Science (SPSS) ver-
sion 14.0 software (IBM SPSS Inc., Chicago, IL, USA).

Results
Subjects

The physical characteristics of the two groups are re-
ported in Table 1. Eleven subjects from the LV group
(n=11) and nine subjects from the HV group (n=9)
completed the study. One subject dropped out from the
LV group due to shoulder pain unrelated to the study.
Three subjects of the HV group were excluded: two due
to poor adherence to the training program and one due to
planned surgery.

Maximal dynamic strength

The two-way ANOVA showed a significant main effect
for time for both knee extension and elbow flexion 1-
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Table 1 Physical characteristics

Low-volume group High-volume group
Number 11 9
Age (years) 63.7£3.5 62.9+2.3
Body mass (kg) 65.4+4.1 63.1£6.2
Height (cm) 162.9+5.8 163.9+4.9
BMI (kg.m ?) 24.8+5.1 23.8+4.2

RM (p<0.001), but a significant main effect for group
only for knee extension 1-RM (p<0.01).

Both groups showed significantly increased knee
extension 1-RM (p<0.001) after 6WE (17.6+13.1 %
for the LV group and 22.4+6.5 % for the HV group),
13WE (26.8+13.9 % for the LV group and 38.3+7.3 %
for the HV group), and 20WE (33.4+12.6 % for the LV
group and 53.3+£7.0 % for the HV group) (Table 2),
whereas the HV group increased to a greater extent than
the LV group at 20WE (p<0.01) (Fig. 1). Elbow flexion
1-RM significantly increased (»<0.001) in both groups
after 6WE (13.3+5.5 % for the LV group and 11.3+
6.9 % for the HV group), 13WE (25.1+9.5 % for the LV
group and 26.6+8.9 % for the HV group), and 20WE
(40.7+13.4 % for the LV group and 42.8+15.2 % for the
HV group) (Table 2).

Maximal isometric strength

The two-way ANOVA showed a significant main effect
for time (»<0.001); however, there was no main effect
for group (p>0.05).

Lower-body maximal isometric strength significantly
increased (p<0.001) in both groups only after 20WE
(16.3+17.1 % for the LV group and 18.5+17.6 % for the
HV group) (Table 2). Upper-body maximal isometric
strength significantly increased after 13WE (20.9+
17.5 % for the LV group and 16.3+£9.8 % for the HV
group; p<0.01) and 20WE (20.6+£15.5 % for the LV
group and 16.0£11.9 % for the HV group; p<0.001) of
training (Table 2).

Maximal EMG activation

The two-way ANOVA showed a significant main effect
for time for both QUAEyg and BBgyg (9<0.05); how-
ever, no main effect for group was found (p>0.05).
The QUAE\g significantly increased (p<0.05) only
after 20WE (35.8+10.1 % for the LV group and 29.4+
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Table 2 Absolute values of maximal dynamic strength and maximal isometric strength at pre and after 6, 13, and 20 weeks of strength

training. The results represent means+SD

Group Pre 6WE 13WE 20WE Pre 6WE 13WE 20WE
Knee extension 1-RM (kg) Elbow flexion 1-RM (kg)

LV (n=11)  47.0£15.0 55.5+12.8* 61.1+12.8% 64.5+14.4%* 6.9£1.5 7.8+1.4% 8.5+1.5% 9.6+1.6*

HV (n=9) 46.6+£14.7 56.8+17.8%* 64.4+20.0%* 70.8+22.0%* 6.6+0.6 7.4+0.6* 8.4+0.5% 9.4+1.1%
Lower-body isometric maximal strength (kg) Upper-body isometric maximal strength (kg)

LV (n=11) 69.5+28.6 66.8+18.0 74.9+25.3 78.3+£26.7* 17.3+4.9 18.6+5.4 20.4+4 5% 20.5+5.1*

HV (n=9) 67.3+16.4 68.6+17.3 75.8+16.1 78.5+18.1% 17.7£2.7 18.5+£3.7 20.6+3.6%* 20.2+3.2%

1-RM one-repetition maximum, LV low-volume, HV high-volume, WE weeks

*p<0.001; **p<0.01 (significantly different from pre within training groups)

15.4 % for the HV group) (Table 3). BBgyg significant-
ly increased (p<0.05) after 20WE in both groups (33.2+
24.4 % for the LV group and 56.4+51.8 % for the HV
group) (Table 3).

Muscle thickness

The two-way ANOVA for QUAgynm showed a signifi-
cant main effect for time (p<0.001) and a significant
main effect for group (p<0.05), whereas EFgyy only
showed a significant main effect for time (p<0.05).
The MT QUAguyv significantly increased (p<0.001)
in both groups after 6WE (4.3+2.3 % for the LV group
and 6.1+2.7 % for the HV group), 13WE (8.6+2.8 % for
the LV group and 13.1+2.8 % for the HV group), and
20WE (12.6+5.8 % for the LV group and 17.2+4.3 % for
the HV group) of training (Table 4). However, after
20WE, the MT QUAgywm increased more in the HV
group than in the LV group (»p<0.05) (Fig. 2). The MT
EFsywm significantly increased (p<0.001) after 6WE (4.4
+5.0 % for the LV group and 5.1+£4.8 % for the HV
group), 13WE (8.6+2.8 % for the LV group and 12.5+

5.6 % for the HV group), and 20WE (15.9+5.9 % for the
LV group and 14.5+4.5 % for the HV group) of training
(Table 4).

Muscle quality

The two-way ANOVA for MQg; showed a significant
main effect for time (p<0.05) and a significant main
effect for group (p<0.05).

The MQyg; significantly increased (p<0.05) in both
groups after 13WE (12.0£9.9 % for the LV group and
20.9+7.1 % for the HV group) and 20WE (8.7+12.9 %
for the LV group and 16.7+8.6 % for the HV group) of
training (Table 5). Furthermore, the HV group showed a
significantly greater increase compared to the LV group
after 20WE (p<0.05) (Fig. 3).

Discussion

The main findings of this study were that the LV and HV
groups exhibited the same time course of gains in

Fig. 1 Percentage change of the 70 1 70 4
one-repetition maximum of the = 60 0 Hv * < 60 O Hv
l(;nge extthenszi(())n an(li( eltlr)ow tflllexion § oLV 3 oLV
uring the 20-week streng = &0 < 50
training period. LV low-volume E 50 E
group, HV high-volume group, “ 404 < 40 -
WE week. *p<0.01 (significantly § s
different from the low-volume @ 30 3 304
group); values are presented as g ;
means+standard deviations g 20 8 204
g 104 “ 104
0 Ll T T ) 0 {‘-l ) J ]
6WE 13WE 20WE 6WE 13WE 20WE
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Table 3 Absolute maximal EMG activation values of the quadriceps and biceps brachii at pre and after 6, 13, and 20 weeks of strength

training. The results represent means+SD

Group Pre 6WE 13WE 20WE
QUAgwmG (mV)
LV (n=11) 0.088+0.049 0.091+0.047 0.089+0.039 0.118+0.073*
HV (n=9) 0.088+0.039 0.096+0.042 0.099+0.038 0.110+0.055*
BBgmg (mV)
LV (n=11) 0.206+0.096 0.254+0.183 0.255+0.157 0.265+0.114*
HV (n=9) 0.368+0.223 0.448+0.278 0.510+0.266 0.525+£0.291*

HV high-volume group, QUA g, averaged value of maximal EMG activation from RF, VL, and VM, BB;,; maximal activation of biceps

brachii
*p<0.05 (significantly different from pre within training groups)

strength, muscle mass, and muscle activation of the
elbow flexors during training. However, the HV group
reported higher gains in strength, muscle mass, and MQ
of the knee extensors after 20 weeks of training. The
present data support our hypothesis. Upper-body mus-
cles experienced similar improvements with low- and
high-volume trainings independently of the lengths of
training, while high-volume training promoted more
increases in the lower-body muscles after a long period
of training,

Our data showing an increase in knee extension 1-
RM are consistent with two other previous studies that
investigated the effects of low- and high-volume train-
ings on maximal dynamic strength in an older popula-
tion (Galvao and Taaffe 2005; Cannon and Marino
2010). Similar to our results, Cannon and Marino
(2010) found that after 10 weeks of training, one- and
three-set trainings produced similar increases in knee
extension 1-RM in older women (27.8 % for one set
and 24.7 % for three sets). Likewise, Galvao and Taaffe

(2005) observed that after 20 weeks of training, there
were greater improvements in knee extension 1-RM
with three-set training (38.9 %) compared with one-set
training (20.8 %). Previous recommendations about
training volume (ACSM 2009) suggest that during the
initial training period, low-volume training may be ad-
equate to induce significant improvements, but after
subjects have achieved an initial fitness level, high-
volume training may be superior for strength develop-
ment (ACSM 2009; Kraemer and Ratamess 2004). This
is in accordance with the present study where at 13WE,
the older women possibly had achieved an adequate
fitness level in their lower-body muscles and their po-
tential for adaptation to strength training may have
decreased. Thus, a greater stimulus was necessary to
continue their rate of gains and could explain the signif-
icantly greater strength in the HV group at 20WE. This
result reinforces that training volume variation is vital
for improvements in muscular performance beyond
those of the initial stage of training (Marx et al. 2001).

Table 4 Absolute values of muscle thickness of quadriceps femoris and elbow flexors at pre and after 6, 13, and 20 weeks of strength

training. The results represent means+SD

Group Pre 6WE 13WE 20WE
QUAsym (mm)
LV (n=11) 64.6+18.4 67.0+14.6* 69.9+£15.2* 72.3+15.7*
HV (n=9) 59.84+9.5 63.5+9.9* 67.7+10.9* 70.0+10.8*
EFsym (mm)
LV (n=11) 25.0+5.0 26.0+4.8* 27.9+4.0* 29.7+5.9*
HV (n=9) 22.7+4.1 24.0+5.1* 25.5+4.7* 26.0+4.5*

LV low-volume, HV high-volume, QUAg, sum of muscle thickness of the VL, VI, RF, and VM, EFg;, sum of muscle thickness of the BB

and BR, WE weeks
*p<0.001 (significantly different from pre within training groups)
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the 20-week strength training < 2
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high-volume group, WE week. é” 2
*p<0.05 (significantly different 8 104 & 8
from the low-volume group); = E
values are presented as means+ 5 - 4
standard deviations

0¥ 0Lr

Relative to elbow flexion 1-RM, the present study
did not demonstrate any difference between the LV and
HV groups at any training time. This does not corrobo-
rate previous recommendations for training volume
(ACSM 2009) or with Galvao and Taaffe (2005) that
observed higher gains in upper-body strength in a three-
set group when compared to a one-set group (39.9 % for
one set and 60.0 % for three sets). In the study by
Galvao and Taaffe (2005), the training groups consisted
of older women and men and they trained with an 8-RM
training intensity during all period of the study. These
dissimilarities may explain differences with our results.
Usually, during daily tasks, upper-body muscles are
exposed to substantially less total work per day com-
pared to lower-body muscles (Paulsen et al. 2003) and
do not reach their maximal strength potential. Therefore,
the upper-body muscles can make significant strength
gains with low-volume training across short- and long-
term periods.

In contrast to maximal dynamic strength, our results
in maximal isometric strength exhibited a different pat-
tern. The LV and HV groups had a similar time course
response in upper- and lower-body strength during
20 weeks of training. These results are in accordance
with the two studies with older subjects (Galvao and
Taaffe 2005; Cannon and Marino 2010). They reported
no difference between one-set and three-set trainings

L] T T T T
13WE 20WE 6WE 13WE 20WE

relative to an increase in maximal isometric muscle
strength of the knee extensors. Isometric and dynamic
muscular actions demonstrated differences in neural
activity patterns (Pincivero et al. 2006; Babault et al.
2003; Caldwell et al. 1993; Nakazawa et al. 1993) and in
recruitment of the components of the muscular groups
(Pincivero et al. 2006). These might explain the different
results between dynamic and isometric strengths in the
present study. Furthermore, in the current study, the
maximal dynamic strength was measured in a single-
joint exercise (knee extension), while the maximal iso-
metric strength was measured using a complex multi-
joint exercise (leg press), which also contributed to
differences between results relative to maximal isomet-
ric and dynamic strengths.

Strength gains following a strength training program
are reportedly due to modifications in muscle architec-
ture (muscle size, pennation angle, and muscle length)
(Kawakami 2005), changes in neural drive at
supraspinal levels (Ashe 1997; Duchateau and Enoka
2002), and modifications of the motor unit (Carrol et al.
2011; Macefield et al. 1996). We did not observe signif-
icant changes in QUAgyg or BBryg in either group
after 6WE or 13WE, even though strength gains were
observed. Changes in motor cortex and supraspinal
levels, which may not be perceivable via peripheral
measures such as surface EMG, might be responsible

Table 5 Absolute values of echo intensity at pre and after 6, 13, and 20 weeks of strength training. The results represent means+SD

Echo intensity (a.u.)

Group Pre 6WE 13WE 20WE
LV (n=11) 141.3+17.1 137.5+14.7 123.3+£12.8* 127.1+8.8*
HV (n=9) 141.3+20.4 136.5+21.4 110.4+16.3* 119.4+12.6*

LV low-volume group, HV high-volume group, a.u. arbitrary unit

*p<0.05 (significantly different from pre-training)
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Fig. 3 Percentage change of muscle quality during the 20-week
strength training period. LV low-volume group, HV high-volume
group, WE week. *p<0.05 (significantly different from the low-
volume group); values are presented as means+standard
deviations

for strength gains at these early time points.
Furthermore, changes in EMG and strength gains do
not always coincide (Hakkinen et al. 1987). However, at
post 20WE, both groups showed similar statistically
significant changes in QUAgy and BBgyig. McBride
et al. (2003) suggested that the use of greater volume
may promote a faster rate of neural adaptations in young
people. Nevertheless, the results of our study support a
different hypothesis for older people. Our data suggest
that low-volume strength training in older women is
efficient for gains to the degree of neuromuscular and
muscle function loss during aging. Deschenes and
Kraemer (2002) suggested that a secondary phase of
neural adaptation takes place after some months of
training and may be responsible for an increase in
EMG activation observed at 20WE. However, further
studies exploring the effects of low- and high-volume
strength trainings on neural adaptations are necessary
before any conclusions can be drawn.

In the present study, the LV and HV groups showed
significant and similar increases in MT QUAgyy after
6WE and 13WE of training; however, after 20WE, the
HV group presented statistically significant greater gains
than the LV group. Our data, relative to 6WE and 13WE,
are in agreement with those of Cannon and Marino
(2010). They found that, after 10 weeks, one-set and
three-set trainings induced similar increases in the muscle
volume of the quadriceps in older women (7.8+2.0 % for
one set and 9.6+2.8 % for three sets). There have only
been a few studies exploring the effects of long training
periods with low- and high-volume trainings on muscle

hypertrophy. Nevertheless, our results are in accordance
with Kraemer et al. (2000), who observed significantly
greater increases in fat-free mass with high-volume (mul-
tiple-set) training compared with low-volume (single-set)
training in young women over 9 months. Muscle hyper-
trophy is associated with several mechanisms such as
activity of satellite cells, hormone response, and myogen-
ic pathways (Akt/mammalian target of rapamycin and
mitogen-activated protein kinase) (Schoenfeld 2010).
Additionally, in older women, muscle hypertrophy also
seems to be associated with reduced levels of inflamma-
tory markers and cytokines (TNF-« and C-reactive pro-
tein) (Ogawa et al. 2010). According to our results re-
garding MT QUAguy,, in the initial stages and approxi-
mately until 13 weeks of training, high-volume training
may not induce superior responses in muscle hypertrophy
in older women. However, after 20 weeks of training,
high-volume training appears to be associated with a
greater response in muscle hypertrophy and muscle mass
gains.

In contrast to MT QUAgywm, our results demonstrated
that there was no statistically significant difference in
the increase of MT EFgsyy between groups at any time
point. Previous studies comparing low- and high-
volume trainings in muscle hypertrophy of upper-body
muscles in older women are not currently available.
However, our findings support the results of
Ronnestad et al. (2007), where low-volume (one-set)
and high-volume (three-set) trainings promoted similar
increases in trapezius muscle CSA after 11 weeks of
training (9.7+1.4 % for the low-volume group and 13.9
+2.5 % for the high-volume group). Also, in agreement
with our results, Hanssen et al. (2012) trained young
men with one set and three sets for 11 weeks and
analyzed the number of satellite cells in the trapezius
muscle, a variable thought to facilitate muscle hypertro-
phy and be associated with co-expression of several
myogenic regulatory factors (Cornelison and Wold
1997). The authors observed that the number of satellite
cells increased similarly in both groups after 2 weeks
and at the conclusion of training. Upper-body muscles
are used to a lesser extent than lower-body muscles in
activities of daily life (Paulsen et al. 2003; Ronnestad
et al. 2007). Thus, high-volume strength training may
not be necessary to induce a greater response in muscle
hypertrophy of the upper-body muscles in older women.

Older people exhibit reduced MQ due to increased fat
deposits within the muscle (Reimers et al. 1993), which is
associated with less knee extension strength and slower
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walking speed (Sipild and Suominen 1994), a greater
risk for future mobility limitations (Visser et al. 2005),
and a risk of developing metabolic abnormalities such
as type 2 diabetes (Goodpaster et al. 2003). In the
present study, both groups showed significantly reduced
echo intensity values and improved MQ after 13WE
and 20WE of training. However, at the end of training,
MQ increased significantly more in the HV group.
Previous studies observed improvement in MQ of older
people following a physical activity intervention; how-
ever, to the best of our knowledge, this is the first study
to assess the effects of two volumes of strength training
on MQ at different lengths of training. Our results agree
with the suggestion that MQ is related to muscle func-
tion (Sipild and Suominen 1994). We found that the HV
group had significantly greater gains in MQ at
20WE and also had significantly greater gains in
maximal dynamic strength and muscle mass of the
lower body at 20WE. These are two of the most
important variables associated with muscular func-
tion (Narici et al. 2005). The mechanism related to
improvement in MQ is still unclear; however, it is
possibly due to a reduction in fat deposits within
the muscle, since high echo intensity values are
strongly correlated with the amount of fat tissue
(Reimers et al. 1993). The amount of fat tissue is
also strongly related to insulin insensitivity via fat-
specific cytokine-mediated pathways and a direct
influence of intramyocellular fat storage on insulin
receptor function within muscle tissue (Wei et al. 2008).
Thus, the reduction in echo intensity via strength train-
ing observed in our results reduces the adverse influence
of these factors, and additional sets over long periods of
training may promote a higher reduction.

In summary, the results of this study suggest that
low- and high-volume strength trainings similarly im-
prove the neuromuscular function of upper-body mus-
cles at short and long periods of training. Low- and
high-volume trainings were similarly effective in in-
creasing maximal dynamic strength, muscle mass, and
MQ until 3 months of training in lower-body muscles.
Nevertheless, high-volume training resulted in substan-
tially higher gains after a long period of training,
showing the importance of training volume variation
for lower-body muscles. Our findings have important
practical applications, because they show that for
healthy older women, a well-designed strength training
program for upper-body and lower-body muscles have
different designs.

@ Springer
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