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The purpose of the present study was to investigate the volume-dependence of upper-body strength
performance improvement and the retention effects after detraining in aging adults. Eighteen healthy,
untrained, middle-aged volunteers were randomized into two groups: low volume (LV), mean = 494 kg.
and high volume (HV), mean = 686 kg. load. Participants were tested and retested before a 12-week (2
times/week) period of RT for baseline values (pre-); after 6 weeks (middle) and 12 weeks of training
(post-), and 12 weeks after interruption (detraining — no systematic exercise). On each test day, a five-
repetition maximum (5-RM) for the seated row; handgrip strength test (HGS); and local muscular
endurance for elbow flexors (LME) were carried out. Participants performed seated row training 2 times
per week with a rest interval of at least 48 h between sessions. After 24 sessions of RT (resistance
training), LME significantly increased in both groups (p < 0.05), without differences between groups (14
vs. 18%, for LV and HV, respectively). In addition, 5-RM increased in both the LV (22%) and HV (20%)
groups. There were no significant increases in HGS in either group (LV 3% and HV 6%). After detraining,
both groups lost up to 15% of LME and 5-RM. In untrained, middle-aged adults, there is an increase in
maximal dynamic strength and local muscular endurance, independent of volume chosen. Furthermore,
after 12 weeks detraining, the loss does not decrease to baseline values.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction intervention to counteract the effects of strength loss. Among the

variables involved in an RT program, stimulus to increase strength

Strength losses during the aging process induce a reduction in
the capacity to perform daily living activities involving higher de-
mands (i.e., walking, sitting, and climbing stairs), mainly when the
lower limbs are the focus (Clark and Manini, 2010). However,
reduction in strength of the upper limbs can also be observed,
which could cause deficits in daily activities such as transporting
and displacing loads, support when standing up from a chair, and
personal hygiene. According to recent meta-analyses (Arnold and
Bautmans, 2014), resistance training (RT) seems to be an effective
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seems to be intrinsically linked to volume-intensity ratio (volume
load).

Recent literature reviews have observed marked effects of the
relationship between volume and intensity on strength gains of
different populations (Fisher et al., 2013; Fisher et al.,, 2016;
Schoenfeld, 2013), nonetheless, few studies have investigated the
effects on upper limbs in aging populations, as the majority of
studies have focused their investigation on the effects on lower
limbs (Reid et al., 2014; Walker et al., 2015). Regarding upper limbs,
it seems only Radaelli et al. (2013a,b) investigated the effects of
different training volumes (1-set vs. 3-sets), and both groups
demonstrated similar elbow flexor muscle thickness gains after 13
weeks of training (11.2 + 6% for 1-set and 12.5 + 5.6% for 3-sets). In


mailto:esbezerra@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbmt.2019.01.010&domain=pdf
www.sciencedirect.com/science/journal/13608592
www.elsevier.com/jbmt
https://doi.org/10.1016/j.jbmt.2019.01.010
https://doi.org/10.1016/j.jbmt.2019.01.010
https://doi.org/10.1016/j.jbmt.2019.01.010

ESS. Bezerra et al. / Journal of Bodywork & Movement Therapies 23 (2019) 466—472 467

addition, in studies assessing young people, no difference was
observed when comparing different volumes (1-set vs. 3-sets) on
maximal strength, lean free mass, and cross sectional area of
different muscles (i.e., trapezius and biceps brachii muscles)
(Bottaro et al., 2011; Hanssen et al., 2013; Rennestad et al., 2007).

Besides neuromuscular improvements during the training
period, it is also interesting to have information on the retention of
training effects after detraining. Fatouros et al. (2005) investigated
the effects of exercise intensity (low intensity: 3 x 16 x 50—55% of
one-repetition maximum (1-RM) and high intensity: 3 x 8 x
80—85% 1-RM) on upper limb maximum strength, and observed an
increase after training (low intensity: 66% and high intensity: 91%,
p <0.05). During detraining, upper limb strength returned to
baseline values within 8 months of detraining in the low intensity
group, but remained increased in the high intensity group
throughout detraining. Similarly, Harris et al. (2007) assessed the
effects of three different RT volumes (2 x 15 repetitions maximum
(RM), 3 x 9-RM, or 4 x 6-RM) on upper limb strength, as well as
training retention, and the results showed significant increases in
maximal strength with training (44—51%; p <0.05), without dif-
ferences between groups. In addition, significant strength de-
creases induced by detraining occurred in all training groups after 6
and 20 weeks of detraining, independent of prior training volume
(4.5% at 6 weeks and 13.5% at 20 weeks; p <0.04). Although
different numbers of sets (i.e., 1 vs. 3 sets) (Radaelli et al., 2013a,b),
and different intensities (i.e., 60 vs. 90% of 1-RM) (Fatouros et al.,
2005; Harris et al., 2007) have been investigated, to the best of
the authors’ knowledge, comparisons between different volumes
and total work equated by different intensities (i.e., 3 sets of 5-RM
vs. 1 set of 15-RM) are poorly investigated in aging people, espe-
cially in the upper limbs.

Although some previous studies have demonstrated positive
effects of strength training on muscle strength, it is unclear
whether the retention of these effects may be associated with prior
training volume in middle-aged adults. To the best of the authors’
knowledge, no study has investigated the effects of different
strength training volumes on upper limb function after resistance
training and detraining of the same period. Therefore, the first aim
of the present study was to investigate the strength adaptations
induced by different RT volumes in upper body limbs in middle-
aged adults. The second purpose of this study was to verify reten-
tion of strength gains after 12 weeks of detraining. We hypothe-
sized that different volume load would provide a different
magnitude of maximal strength and local muscular endurance
gains. In addition, we hypothesized that retention of the upper
body maximal strength and local muscular endurance would be
different between groups due to the different adaptations
mentioned in the first hypothesis.

2. Methods
2.1. Participants

Participant recruitment was carried out through local an-
nouncements in the neighborhoods around the local University. All
participants completed a specific health history and physical ac-
tivity questionnaire and met the following inclusion criteria: 55
years old or more, physically independent, controlled hypertension
(<140/90 mmHg), free from orthopedic dysfunction, and not per-
forming any regular physical exercise during the 6 months pre-
ceding the beginning of the study. Participants presented a medical
certificate from a cardiologist with no restrictions for participation
in this study. Thirty men and women were eligible; however, after
individual interviews, 10 were dismissed as they did not meet the
inclusion criteria. The remaining 20 participants (12 women and 8

men) were randomly stratified into two experimental groups based
on 5-RM: a group that performed RT in the high volume load
(n=10) or a group that performed RT in the lower volume load
(n=10). A total of 18 participants (63 +6 years; 77.1 + 14.7 kg;
1.66 +0.01 m; and 27.74 + 3.04 kg m?) completed all stages of the
experiment and were included in the analyses (see Fig. 1a). Two
participants withdrew claiming muscular discomfort during the RT
regime. Adherence to the program was satisfactory, with all sub-
jects participating in >95% of the total sessions (missed no more
than 1 session). Written informed consent was obtained from all
participants after provision of a detailed description of study pro-
cedures. All procedures performed in this study were approved by a
local Institutional Ethics Committee (n. 1.657.414) and followed the
ethical guidelines of the Declaration of Helsinki.

2.2. Study design

The study was carried out over a period of 33 weeks divided into
3 periods as follows; in the first, a 4 week control period was
applied after the test and retest; in the second, participants were
tested again and randomly separated into two groups to perform 12
weeks (2 times/week) of RT according to the respective volume
load (HV and LV); and after the end of the RT program, participants
were given a 12-week period of detraining (third period), during
which all participants were asked to maintain their daily activities,
but not to engage in any kind of physical exercise regimen. At the
baseline, middle of training, post-training, and post detraining
periods, one week was used for physical assessment consisting of a
five-repetition maximum strength test (5-RM), hand grip strength
test (HGS), and local muscular endurance for elbow flexors (LME).
The experimental design is displayed in Fig. 1b.

2.3. Procedures

2.3.1. Muscular strength

Dynamic strength (5-RM) for the seated row (SR) was per-
formed using the same equipment (Riguetto®, Sao Paulo, SP, Brazil)
used during training. The 5-RM test was used to determine strength
increases as the subjects had no weight training experience
(Radaelli et al., 2015). According to these authors, two factors
support this choice: (a) when subjects do not train using overloads
close to 1-RM; (b) subjects are untrained. These factors could affect
exercise technique when using very heavy resistances, which
would affect the accuracy of 1-RM testing; thus, 5-RM testing was
chosen to determine strength. Before the pre-training 5-RM tests,
all subjects performed familiarization during 6 sessions of 3 sets
(1st set: 15 repetitions (reps); 2nd: 10 reps, and 3rd: 5 reps)
without concentric failure. To minimize the error during the 5-RM
tests, the following strategies were adopted (Simao et al., 2012): (a)
standardized instructions concerning the testing procedures and
exercise technique were given to participants; (b) the subject's
exercise technique was monitored and corrected as needed, during
all testing sessions; and (c) verbal encouragement was provided
during the testing procedure. The 5-RM test was determined in
fewer than 5 attempts with a rest interval of 5 min between at-
tempts. No pause was allowed between the eccentric and concen-
tric phases of a repetition or between repetitions. For a repetition to
be considered successful, it was necessary to complete the range of
motion (elbow flexion until 90°). The heaviest 5-RM resistance
achieved in the different stages of evaluation was used in the sta-
tistical analysis. The 5-RM test-retest was conducted with a 48 h
rest interval between tests. The intraclass correlation coefficient
(ICC) between the 2 days of testing in the SR exercise was 0.92.

Upper limb local muscular endurance was measured by the 30-s
arm curl test (Rikli and Jones, 2013). Participants were seated with
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Fig. 1. Flow chart of participants (a); Experimental protocol (b). M = measurement.

the elbow extended (180° = full extension) holding a hand weight
(men: 3.5kg; women: 2.5kg), feet flat on the floor, with the
contralateral hand on the thigh of the same side. The participant
was required to perform the maximum number of correct repeti-
tions within their own range of motion (determined pre-test with
visual inspection) in the given time. Repetitions performed with
the elbow away from the body were not counted, and the partici-
pant was always guided to maintain the elbow fixed. Attempts
were performed on both sides and the score attained used for
analysis. Intraclass correlation coefficients (ICC) between the 2 days
of testing were 0.92 and 0.82 for the right and left upper limbs,
respectively.

The handgrip strength test (HGS) was carried out using an
analogue hand dynamometer (Saehan Corporation, 973, Yangdeok-
Dong, Masan 630—728, Korea). During the test, the participant was
seated with the elbow flexed (90°) and wrist in a neutral position;
the dynamometer handle in position II; and provision of support
under the dynamometer. Both sides were measured, followed by
calculation of the mean of two trials of grip strength for each hand
(Massy-Westropp et al., 2011). Intraclass correlation coefficients
(ICC) between the 2 days of testing were 0.89 and 0.96 for right and
left upper limbs, respectively. The same appraiser applied all

assessments, always in the same period of the day, and he was blind
to the treatment allocation.

2.3.2. Resistance training program

Participants trained for 12 weeks, 2 times per week (Mondays
and Wednesdays, or Wednesdays and Fridays), in the evening
(totaling 24 training sessions). Subjects were randomly assigned to
one of the two training groups: high volume load, performing 3 sets
of 5-RM with a 2 min rest interval between sets; and, low volume
load, performing 1 set of 15-RM. The experimental protocol was
applied only in the seated row and the participants performed the
exercise until momentary concentric muscular failure. Participants
were instructed to exhale during the eccentric phase and inhale
during the concentric phase while maintaining a constant cadence
of movement of approximately 2:2 (ascendant and descendent
phases, respectively). When subjects were able to perform more
repetitions than predicted in each group protocol, the resistance
training was increased by 2.5—5.0kg in the following session.
Immediately after completing each set in the seated row exercise,
the Omni Scale was applied to assess rating of perceived exertion
(RPE) with emphasis on local fatigue (Lins-Filho et al., 2012). A
warm up was performed with 2 sets of traditional prone plank and
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supine bridge exercises (15 s isometric contraction per set) and one
set with 50% of workout load for seated row.

Together with the seated row exercise, other muscle groups
were exercised with subjects performing 2 sets of 10 repetitions
without momentary concentric muscular failure in the following
exercises: horizontal leg press, knee extension, seated leg curl, and
chest press using elastic tubes. A 2 min rest interval was allowed
between sets and exercises. Supervised RT was performed in the
fitness room at the University. During all sessions participants were
personally supervised by physical education professionals to help
ensure consistent and safe performance.

Estimated 1-RM was calculated according to Brzycki (1993) and
the following training variables calculated (Scott et al., 2016): Ab-
solute volume load = sets X repetitions X weight lifted (kg); Vol-
ume load relative to specific repetition maximum=sets X
repetitions X % repetition maximum for RR, where RR = repetition
range.

2.4. Statistics

All values are reported as mean + SD. Normality of distribution
and homoscedasticity for outcome measures were tested using the
Shapiro-Wilk test and Mauchly's criterion, respectively. Main
training effects within and between groups were assessed by
ANOVA repeated measure analysis (time [pre training vs. middle
training vs. post training vs. detraining] X 2 group [low volume vs.
high volume]). When a significant F level was identified, a Bon-
ferroni post hoc test was performed to locate pairwise mean dif-
ferences. Test-retest reliability was determined by calculating ICCs
with a 2-tailed t-test used to determine whether a significant dif-
ference existed between the 2 tests for a variable at pre testing. An
independent and dependent student t-test was applied to analyze
the differences within and between groups after the control period,
respectively. For RPE the effects during the weeks in both groups
were analyzed by the Friedman test. Sample size was calculated
using GPOWER software (version 3.0.1) with a target effect
size =0.9, alpha=0.05, power=0.8, resulting in an estimated
sample of 10 subjects per group. An alpha level of p < 0.05 was used
to determine statistical significance. All statistical procedures were
performed using SPSS 21 for windows (Statistical Package for the
Social Science, IBM, Chicago, Ill, USA). Effect sizes (ES) were calcu-
lated and determined according to Rhea (2004).

3. Results
3.1. Control period

Control period values were similar between and within groups
(p>0.05). Results of local muscular endurance and the handgrip

strength test (p >0.05) were expressed using the average of the
sides during the experimental protocol. Age and weight did not

Table 1

present differences between groups, (p > 0.05), (see Table 1).

3.2. Muscular strength

Dynamic strength in the seated row exercise (5-RM) did not
present group x time interaction (F1g7) = 0.16, p = 0.93, nzp =0.01)
or group effect (F(10)=0.34, p=0.56, n?, = 0.02). However, there
was a time effect (F187)=73.51, p<0.001, nzp =0.82) for both
groups [low volume (LV) and high volume (HV)] presenting in-
creases between pre vs middle training (LV: 22 + 14%, ES = 0.74, and
HV: 20+ 16%, ES=0.98, p<0.001); pre vs post training (LV:
52 +27%,ES =1.78 and HV: 46 + 24%, ES = 2.3, p < 0.001); and, post
training vs detraining (LV: —15 + 7%, ES = —0.66 and HV: —14 + 9%,
ES=-0.47, p<0.001), (see Fig. 2a).

Local muscular endurance (arm curl/30s) did not present a
group x time interaction (F151)=0.94, p = 0.44, nzp =0.05). How-
ever, a group effect was observed (F(1,9y = 6.35, p=0.02, nzp =0.28),
whereby the LV group was higher than the HV group, and a time
effect (F(151)=11.37, p<0.001, n?,=041), with both groups
ncreasing local muscular endurance from pre- to post-training (LV:
14 +19%, ES=1.28, and HV: 18 +19%, ES=0.98, p =0.016); and
both groups presenting a significant reduction comparing post-
training vs detraining (LV: —13 + 11%, ES =-1.03, and HV: —9+20%,
ES=-0.77, p=0.026). No changes were observed comparing pre-
vs middle training (LV: 3 +14%, ES=0.19, and HV: 6+ 14%,
ES=0.28, p> 0.05), (see Fig. 2b).

For handgrip strength, there was no group x time interaction
(F23)=0.73, p=0.57, nzp =0.04); or group (F1,0)=0.01, p=0.91,
n%,=0.00); or time effects (F23)=3.21, p=0.051, n%,=0.16).
Handgrip strength values (kgf) were: pre-training (LV: 32 +9, and
HV: 33 + 8); middle training (LV: 33 +9, and HV: 34 + 10); post-
training (LV: 34 + 11, and HV: 34 +9); and detraining (LV: 32+9
and HV: 30+ 9).

3.3. Training variables

There was no group x time interaction (Fp4)=1.25, p=0.25,
nzp =0.07) in the estimated % of 1-RM used by the groups during 12
weeks of training. However, there were time (F 4)= 9.8, p <0.001,
n%,=0.38) and group effects (F(10)=32.7, p<0.001, n?,=0.67)
whereby the HV group (83%) presented greater values than the LV
group (66%), as well as presenting increasing values throughout the
training period (see Fig. 3a).

Volume load relative to specific repetition maximum (VLR) and
absolute volume load (AVL) did not present similar results in
group x time interaction (Fo4)=128, p=0.23, nzp =0.07 and
F(1,08)=0.98, p=0.38, nzp:0.05, respectively). However, there
were time (VLR, F24)=10.09, p<0.001, n*,=0.38 and AVL,
F1,98y=35.51, p<0.001, nzp =0.68) and group effects (VLR,
Fg0)=3272, p<0.001, n%p=0.67 and AVL, F(10)=8.36, p<0.01,
n“p = 0.34) for volume load relative to specific repetition maximum

Mean and standard deviation during control measurements for low (LV) and high (HV) volume groups.

Low volume High volume

pre control pre training pre control pre training
Age (years) 65.8+6.3 — 61+5.8 —
5-RM (kg) 40.22 +11.2 40.78 +11 44.11+8.2 43.55+8.55
Weight (kg) 76.98 +17.89 77.5+16.8 7717 +12.02 76,3 +11
Arm curl-R (rep/30's) 19.11+£1.9 18.89 +1.82 16.55+2.35 16.55+2.5
Arm curl-L (rep/30s) 19.89 +2.52 19.56 + 2.65 16.44 +2.92 16.55+3.24
Handgrip-R (kg) 32.89+8.84 32.44+8.93 34.44 +9.88 33.33+948
Handgrip-L (kg) 33.56 +10.28 32+10.25 34.44 +9.38 33.55+847

5-RM = five-repetition maximum (dynamic strength); L = left: R = right; rep/30-s- number of elbow flexion repetitions in 30s.
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and absolute volume load, respectively. For all these variables, the
HV group presented higher values than the LV group (see Fig. 3b
and c). Conversely, the RPE was greater in the LV than HV with
statistical difference in the 5th (p =0.005), 6th (p=0.014), 10th
(p=0.026), 11th (p=0.040), and 12th (p=0.025) weeks of
training, (see Fig. 3d).

4. Discussion

The main findings of this study were that the LV and HV groups
exhibited similar magnitude and time course of muscle strength (5-
RM) and local muscle endurance (LME) gains, whereas there was no
change in the handgrip strength after either RT regime. In addition,
after 12 weeks of detraining, the 5-RM and LME values did not
decrease to the pre-training level, which means retention of

training gains was not dependent on RT volume load performed.
We hypothesized that different volume loads of resistance training
would provide a different magnitude of 5-RM, local muscular
endurance, and handgrip strength. In addition, we also hypothe-
sized that retention of the upper-body maximal strength, local
muscular endurance, and handgrip strength would be different
between groups due to the hypothetically different adaptations, so
our hypotheses were refuted.

To our knowledge, no previous study has observed the effects of
different training volumes of resistance training and the same time
of detraining on upper limb maximal strength, local muscular
endurance, and handgrip strength of middle-aged individuals. In
the present study, we investigated the volume load effects in one
exercise (i.e., seated row) involving back muscles (latissimus dorsi,
trapezius and deltoid, spinal extensor muscle) (Wattanaprakornkul
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et al., 2011), which are important to control the hyperkyphosis
process during aging (Katzman et al., 2010).

Our results showed that both resistance training protocols
induced similar strength gains despite the different intensities [(HV
group - 83% of estimated 1-RM and LV group, 66% of estimated 1-
RM, p < 0.001), see Fig. 3a] and volumes used. These results are in
agreement with previous studies (Fatouros et al., 2005; Galvao and
Taaffe, 2005; Radaelli et al., 2013a,b), which showed an increase in
the force produced independent of the training volume during the
early phases of training (12—20 training weeks). In addition, elderly
individuals may achieve similar strength adaptations when per-
forming greater intensities (i.e., load correspondent to 5-RM)
compared with lower intensities (i.e., 15-RM). Physiologically, the
mechanisms to explain such force increases are supraspinal adap-
tations (Falvo et al., 2010); increases in maximal capacity of motor
unit recruitment and excitability (Kamen, 2005); and increases in
the muscle cross-sectional area (Frontera et al., 2003).

Some previous studies have compared the effects of different
training volumes in elderly individuals. Galvao and Taaffe (2005)
observed significant increases after intervention and between
groups [1-set group (7.7%) and 3-set group (19.1%)] in the seated
row 1-RM after 20 training weeks (2 sessions per week). In another
study conducted by Radaelli et al. (2013a,b), a similar increase in
maximal strength performance was observed in the elbow flexors
1-RM in 1-set (25.1%) and 3-set groups (26.6%) after 13 training
weeks (2 per week). In addition, when investigating different in-
tensities and volumes per set, Fatouros et al. (2005) found greater
strength gains for the LV group (3 x 8 x 80—85% 1-RM) compared to
the HV group (3 x 16 x 50—55% 1-RM) for chest press 1-RM, after 24
training weeks (3 sessions per week). Although we observed
similar results, there are some differences between the studies
mentioned above and the current study that should be taken into
consideration. Firstly, in the present study only one exercise was
applied under the experimental condition (seated row), while the
other studies applied four exercises for the upper limbs, which
increases the total volume load. Secondly, the other studies rep-
resented volume load by sets X repetitions or sets X repetitions X %
1-RM, while in the present study the volume load is represented
relative to a specific range of maximal repetitions. In view of this,
the RMVL was different between groups (i.e., 1255 kg for the HV
group, and 991 kg for the LV group, respectively). However,
although there were no differences between groups in maximal
strength (see Fig. 2a), effect size was higher in the HV (2.3; large)
compared to the LV (1.78; moderate), which may suggest some
advantages of HV in the present study.

Along with improvement in maximal strength, local muscle
endurance also improved for both groups, with moderate effect size
for the LV (1.28) and small for the HV (0.98). Although LME is an
important neuromuscular parameter, few studies have investigated
the effects of training volume on this variable. Vincent et al. (2002)
observed increases in both the low intensity group (i.e.,
1 x 13 x 50% 1-RM) and high intensity group (i.e., 1 x 8 x 80% 1-
RM), with no differences between groups, which might be
explained by the fact that both groups used similar total training
volume (i.e., low intensity: 650 kg and high intensity: 640 kg).
Opposing results were found by Galvao and Taaffe (2005), since
they demonstrated that the high volume group improved signifi-
cantly more than the low volume group (44% vs. 10%) after 20
training weeks. Our results disagree with those of both studies, as
similar gains were observed in both groups (HV and LV) after the
intervention period (12 weeks). These discrepancies could be
explained by different methods used to assess the LME, since we
applied the 30-s arm curl test suggested by Rikli and Jones (2013),
which is more specific for elderly people, and more commonly
practiced from a clinical point of view; whereas the studies

mentioned above assessed this variable using the maximal number
of repetitions performed in the bench press. Although no differ-
ences were observed, the greater effect size observed in the LME of
the LV compared to the HV may suggest an advantage to this RT
regime, which is possibly explained by the specificity (i.e., greater
number of repetitions).

Another excellent clinical parameter for upper limbs is handgrip
strength, as it can be applied to different age groups (Massy-
Westropp et al., 2011), and performance in this test is strongly
and inversely related with mortality (Snih et al., 2002). Our results
showed no significant increases or differences between groups.
One factor which may explain the absence of gains after interven-
tion is that the subjects of the present study did not present severe
functional decline at baseline, and the baseline HGS shown by our
subjects in both groups were the expected values for this age range
[(men-LV =38 kgf and HV =35 kgf; women-LV =29 kgf and
HV =30 kgf) according to Massy-Westropp et al. (2011).

Our second objective was to verify the training retention after 12
weeks of detraining in the different RT groups, and our hypothesis
was refuted, since we believed the groups would present different
magnitudes of losses after the detraining period. Both groups
presented similar responses in muscle strength (5-RM) and LME
retention, demonstrating similar declines in these values in com-
parison with post training values. However, even with these losses,
muscle strength values were elevated when compared to pre
training levels, remaining at the level of middle training.

Previously, two studies have raised two hypotheses to explain
greater retention of maximal strength. Fatouros et al. (2005)
showed higher intensity training could be more beneficial than
low intensity training for maximal strength retention and Harris
et al. (2007) suggested that total volume of training is more
important than intensity. Our findings did not corroborate those
found by Fatouros et al. (2005) and Harris et al. (2007), suggesting
that retention of muscle strength is more related to magnitude of
gains after the training, independent of the RT regime.

The present study has some limitations. First, the sample size is
small and care is required in the extrapolation of our results. In
addition, our results were observed in healthy aging individuals
and should not be generalized to other elderly populations, such as
the frail elderly. Participant allocation was based only on the 5-RM
test, and it is possible a group allocation involving all tested vari-
ables would be more appropriate in future studies. On the other
hand, among the strengths of our study, it should be pointed out
that this is the first study to compare the effects of different volume
loads on the upper-limb strength performance of middle-aged
adults.

In summary, different volumes and absolute loads of resistance
training induced similar improvements in upper body maximal
strength (5-RM) and local muscular endurance in untrained aging
individuals. From a practical standpoint, coaches and health pro-
fessionals involved with resistance training for aging individuals
can start the resistance training program with any volume of
training (high or low), since both maximize upper-limb strength
and LME gains. Moreover, independent of training volume, training
retention is demonstrated, since the post detraining values
remained above the pre-training levels.
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