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Presentation of the 1st International Symposium on Strength
& Conditioning (ISSC 2011)

by
Mário C. Marques1,2, Adam Zajac3
The ISSC 2011 was the first of a series of future events that we hope will help to spread
Strength & Conditioning research among Europe. Unfortunately, there is no European association
specifically designed to address that same mission. Contrarily, in the USA the National Strength &
Conditioning Association (NSCA) is a well‐known organization that has been promoting Strength &
Conditioning research quality for the last two decades, though its implementation in Europe may be
viewed as scarce. Nevertheless, the amount of European sports scientists that perform high‐quality
research related to strength training and physical conditioning is noticeable. Within this framework, a
group of young researchers that work in four public universities (two in Portugal and two in Brazil)
decided to implement this symposium and asked for the support of NSCA and, specially, for the
support of Dr. Steven Fleck. Indeed, Dr. Fleck provided the necessary “brain” support to build the
idea and the NSCA provided the necessary institutional support to make ii possible to happen.
Subsequently, the Research Centre for Sports, Health & Human Development (CIDESD), currently
hosted in the University of Trás‐os‐Montes and Alto Douro took full responsibility to welcome the 1st
ISSC.
The CIDESD) is a cross‐institutional technical and scientific multi‐disciplinary unity of applied
and fundamental research. This center appears from the network integration, by a consortium
agreement of several previous research units originally. The main scope of CIDESD is to promote
research on Sports Sciences field, health‐related physical activity promotion, in accordance to different
stages of human development valuing the relationships between physical activity and sports, health
promotion by the influence of human and organizational resources.
The event was held the 15‐16th July 2011 in the University of Trás‐os‐Montes & Alto Douro, at Vila
Real (Portugal) and it was mainly addressed to Master and Doctoral students of various Portuguese
and European Universities. A total of 9 scientific conferences were presented by 9 expert researchers
from 4 different countries (USA, Portugal, Brazil and Spain). Additionally, Dr. Fleck presented also
the NSCA mission and its future in Europe and around the World. This was a first small step towards
an event that we expect to be able to grow slowly but steadily. In the future, we hope to increase the
number of presentations and also to include a typical scientific session open for the research
community (oral and or poster presentations).
Another deliver from the ISSC 2011 was the consensus among some of the researchers that
participated in the event, to promote a specific research unit dedicated to Strength & Conditioning
related issues. This unit will include approximately 20 researchers from the abovementioned 4
countries and it will be initially hosted in CIDESD. Here, the Journal of Human Kinetics (JHK) was
also an important partner in this enterprise, since its Editor provided an open space for the scientific
diffusion of the event, which is the current supplement of JHK.

1

‐ Research Centre for Sport Sciences, Health and Human Development (CIDESD), Vila Real, Portugal
‐ Department of Sport Sciences, University of Beira Interior (UBI), Covilhã, Portugal
3‐ Department of Sports Training, Academy of Physical Education, Katowice, Poland
2

Authors submitted their contribution of the article to the editorial board.
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Strength Training and Detraining in Different Populations:
Case Studies

by
Mário C. Marques , Adam Zajac4, Ana Pereira 2,3, Aldo M. Costa 1,2
1,2

Many researchers have demonstrated that a specific strength training program can improve maximal
strength and, the rate of force production, reduce the incidence of muscle‐skeletal injury, and contribute to faster
injury recovery times, thereby minimizing the number of missed practice sessions or competitions. Yet, to our
best knowledge, there is no apparent consensus on the appropriate method of muscle strength and power training
to enhance performance in distinct populations groups. Interruptions in training process because of illness,
injury, holidays, post‐season break or other factors are normal situations in any kind of sport. However, the
detraining period and its consequences are not well reported in sports literature, and namely during puberty.
Therefore, the aim of this paper was to discuss several case studies concerning different populations such us
physical students, age‐swimming competitors and elite power athletes.
Key words: strength, power, detraining, athletes, physical students, youth

Introduction
During the last 50 years, muscle strength
training (ST) has been a major topic for coaches,
athletes and researchers (Marques and González‐
Badillo, 2006). However, despite increasing
professionalization, there is a paucity of research
data concerning performance in elite athletes.
Two main reasons for this may be suggested. The
first reason is due to the fact that experimental
studies on elite sportsmen are very difficult to
carry out for many reasons. The second reason is
ethical, being related to the inclusion of a control
group in the study design of elite athletes. This is
because the withholding of potentially important
training would be detrimental for the
development of the players so selected. Such
considerations ought not to detract from the
necessity and importance of this type of research
in strength and power events (Marques et al.,
2008). Unfortunately, there is no apparent
consensus on the appropriate method of strength

and power training to enhance performance,
especially in power sports.
Beyond high‐level
sport, scientific
evidence also indicates that ST should be part of a
comprehensive health maintenance and specific
performance, as long as it is carefully prescribed
and monitored (Faigenbaum et al., 2009).
Moreover, a positive relationship between
physical activity and aerobic fitness performance
has been also established in adults; whereas in
children, this relationship seems less clear
(Malina, 2001). Nevertheless, it was reported by
several studies that physical activity levels of
children aged 10 to 15 years old are positively
associated with physical fitness (Watts et al.,
2004). Fortunately, there is strong evidence that
school‐based interventions are effective in
promoting physical fitness levels, and therefore
school seems to provide an excellent place to
enhance it by implementing ST programs.

1

‐ Department of Sport Sciences, University of Beira Interior (UBI), Covilhã, Portugal
‐ Department of Sport Sciences, Exercise and Health, University of Trás‐os‐Montes and Alto Douro (UTAD), Vila Real,
Portugal
3‐ Research Centre for Sport Sciences, Health and Human Development (CIDESD), Vila Real, Portugal
4‐ Department of Sports Training, Academy of Physical Education, Katowice, Poland
2
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Furthermore, muscle strength and endurance
training are often performed concurrently in most
exercise programs in wellness, fitness and
rehabilitative settings, in an attempt to reach
different physical fitness goals (Shaw et al., 2009).
Several studies have shown that simultaneously
performing resistance and cardiovascular training
may impair the strength gains achieved by ST
alone (Shaw et al., 2009; Garrido et al., 2010).
However, to the best of our knowledge, very few
studies have examined the effects of resistance
training with concurrent resistance and endurance
training on muscular strength development.
This scarcity of literature is hardly
comprehensible because combined intervention of
strength and aerobic training is a common
practice in many sports and on daily routines. For
example, overall performance depends heavily
upon
muscular
strength
and
aerobic
enhancement, especially at competition level
(Leveritt et al., 2000). Even so, some studies
showed that concurrent strength and endurance
training regimens seem to inhibit strength and
power development when compared with
strength training alone (Dudley and Djamil, 1985;
Abernethy and Quigley, 1993; Hennessey and
Watson, 1994), but scientific literature has
produced inconclusive data. On this, competitive
swimming is an example of such combination, but
the scientific evidence is still scarce (Aspenes et
al., 2009, Garrido et al., 2010).
Another topic that still needs further
clarification is associated with the discontinuation
of training sessions because of illness, injury,
vacancies, post‐season break or other factors
normal in any kind of sport. A reduction of
physical activity level is often reported
(Hortobagyi et al., 1983; Marques and Gonzalez‐
Badillo et al., 2006). Yet, the detraining period
(DT) and its consequences are not well reported in
sports literature, in either youth or in elite sports
populations. Furthermore, a period of overload
decrement (strength training cessation) could
produce a positive delay transformation to
enhanced specific performance (Zatsiorsky, 1995).
In view of the foregoing, the main
purpose of this paper was threefold: (i) to review
the effects of strength training programs in
distinct populations; (ii) to review the effects of
combined strength and aerobic training for
increasing upper and lower body strength, power
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and performance in youth; (ii) and to review the
effects of distinct detraining periods (strength
training cessation) on strength and specific
performance amongst different groups of
individuals.

Strength Development:
Elite Power Team Sports: a case study
From the various training variables, it
appears that training intensity is the most
important to be consider when designing a ST
program to target maximum dynamic strength in
high level athletes (Marques et al., 2006). On this
issue, research has shown that RT with external
loads corresponding to 80‐100% of one repetition
maximum (1RM) is most effective for increasing
maximal dynamic strength because this loading
range appears to maximally recruit muscle fibers
and produce further neural adaptations
(González‐Badillo et al., 2005). Between this
intensity range of 80‐100% of 1RM, experienced
weight‐trained athletes routinely invest their RT
time in the use of excessively heavy loads (i.e., >
90% of 1RM) (Marques et al., 2006), because it is
commonly believed that effective increases in
maximal strength can be achieved by training at
these relative intensities. Marques and González‐
Badillo (2006) reported that a short‐term ST (e.g.,
12 consecutive weeks) using moderate relative
intensity
tended
to
produce
significant
enhancements in top team handball playersʹ
performance in parallel squat and concentric
bench press. These conclusions should, however,
be interpreted within the context of this
population of experienced athletes. Nevertheless,
it is not known whether optimal intensity
stimulus at these extremely heavy loads is
effective for the development of maximal
dynamic strength in elite power sportsmen. To
date, the optimal volume stimuli for the
development of strength and the effectiveness of
stimuli within the training process have not been
satisfactorily ascertained by the scientific
community (González‐Badillo et al., 2006). In fact,
several studies indicated that one set per exercise
or three sets can be equally efficient in strength
enhancement whereas others have reported that
only RT with multiple sets contributed to obtain
better results (Rhea et al., 2003). These results
could possibly contribute to the variable outcomes
of previous studies with respect to the RT

http://www.johk.pl
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experience of participants. Therefore, for example,
non‐elite athletes can respond favorably to one or
more sets per exercise, especially during the initial
training weeks. In contrast, experienced RT
participants can only increase strength values by
performing higher training repetitions. Marques
et al. (2006) showed that professional volleyball
players can increase maximal dynamic strength
performance (1RM) using low volume and
medium/high intensity. After 12 consecutive
weeks of RT, an increase of 1RM bench press
(1RMBP) and 4RM squat (4RMPS) was observed,
corresponding to 15 and 19% (p<0.01),
respectively. Consequently, all the athletes were
in good overall condition. This strategy requires
that each repetition be performed at relatively
high speed, on the premise that greater gains in
muscular power will be achieved with each

repetition. Thus, increasing training volume does
not always provide a better stimulus for
improving adaptations during a long‐term
competitive period. These observations may have
important practical relevance for the optimal
design of ST programs for trained athletes.
During the experimental period (Table 1), average
training efficiency in 1RMBP and 4RMPS was 0.07
%∙lift‐1 and 0.1 %∙lift‐1 respectively. No differences
were observed in training efficiency between the
first half (1‐6 weeks) and the second half (7‐12
weeks) of the training period. Training Efficiency.
To quantify the effort to benefit ratio, training
efficiency was defined as the average percentage
gain in bench press and squat performances
during the 12‐week training period divided by the
total number of repetitions lifted at loads greater
than 80% of 1RMBP and 4RMPS, respectively.

Table 1
Training Efficiency
AI per‐exercise (%)
Exercises

Total reps

ATE (% lift‐1 )

1st cycle

2s cycle

1st cycle

2s cycle

1st cycle & 2s cycle

1RMBP

82.7

82.5

124

87

4RMPS

85.9

86.2

159

111

0.14
0.16

(after Marques and González‐Badillo, 2006). AI: average intensity Total reps:
The total number of repetitions (sets x reps) lifted at loads greater than 80% of 1RMBP and 4RMPS, respectively.
ATE (average training efficiency): The average percentage gain in bench press and squat performances
during the 12 training period divided by the total number of repetitions lifted at loads greater than 80% of 1RMBP
and 4RMPS, respectively. 1RMBP: concentric 1‐ repetition maximum bench press;
4RMPS: 4‐ repetition maximum parallel squats 1st cycle: 1‐6 weeks; 2s cycle: 7‐12 weeks.

18,00
time 25m (sec)

17,50
17,00
16,50
16,00
15,50

**

15,00
14,50

Experimental group

Control group

14,00
pre-test

after 8 weeks training

Figure 1
Swimming performance in 25 m front crawl at the beginning of the protocol (pré),
after eight weeks of training (post) for the experimental and the control group.
Solid lines and * represent differences between evaluation moments in the experimental group.
Solid lines represent differences between evaluation moments in the experimental group
* p<0.05. (after Garrido et al., 2010).

© Editorial Committee of Journal of Human Kinetics
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Competitive Age‐Swimming: a case study
Several studies showed that concurrent
training compromises the development of
strength and power but does not effect the
development of aerobic conditioning when
compared with either form of stand‐alone training
(Dudley and Djamil, 1985; Hennessey and
Watson, 1994). However, other researchers have
reported that concurrent training has an
inhibitory effect on the development of strength
and endurance (Sale et al., 1990; Abernethy and
Quigley, 1993). More recently, Aspenes et al.
(2009) and Garrido et al. (2010) examined the
effect of a training (twice a week) intervention
consisting of a concurrent strength and endurance
training among age‐swimmers. Aspenes et al.
(2009) observed that the intervention group
improved in dry land strength, tethered
swimming force and 400 m freestyle performance
more than the control group. No changes were
observed in technical variables (i.e., stroke length,
stroke rate) and performance in short‐distance
events (50 and 100 m freestyle). Regarding the
young swimmers, Garrido et al. (2010) showed
that a combined strength and aerobic swimming
training allow dry land strength developments in
young swimmers. The main data cannot clearly
state that strength training allowed an
enhancement in swimming performance (Figure
1), although an improve trend for the sprint
performance due to strength training was noticed.
In fact, investigations in young competitive
swimmers are few in comparison to those carried
out in adult/elite swimmers mainly due to
financial costs but also to ethical issues. So, we
believe that the study of the effects of dry land
strength training combined with aerobic training
in young competitive swimmers could lead to
interesting and useful data in improving overall
performance; using a simple combination of
swimming specific training and a simple dry land
resistance training regimen.
There is strong evidence that school‐based
interventions are effective in promoting physical
activity (PA) levels in youth and therefore school
seems to provide an excellent setting to enhance
activity levels by implementing physical fitness
programs (Sallis et al., 1997; Strong et al., 2005).
The school‐based Physical Education (PE)
interventions can include modified PE classes,
generally with more classroom time and more
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moderate‐to‐vigorous PA (Mota et al., 2006). In
addition, PE classes draw heavily upon muscular
strength and endurance (Santos et al., 2011a). On
this issue, the scientific literature has produced
inconclusive findings (Eliakim et al., 2001). The
precise mechanisms that underlie the observed
impairments in training adaptation during
concurrent training have yet to be identified.
Cross‐sectional comparisons gave equivocal
results relating PA to indicators of muscular
strength and endurance (Garrido et al., 2010).
Experiments in school environment, concerning
this issue, are even scarcer. Further, to our best
knowledge, only two studies study had examined
the effects of resistance training with concurrent
resistance and endurance training on muscular
strength development in a sample of adolescent
schoolboys (Santos et al., 2011a) and girls (Santos
et al., 2011b). So, recently our lab recruited (Santos
et al., 2011a) forty two healthy boys from a
Portuguese public high school (age: 13.3+1.04 yrs)
and divided them into three experimental groups
to train twice a week for 8 wk: a resistance
training group (GR: n=15), a concurrent resistance
and endurance training group (GCOM: n=15) and
a control group (GC: n=12; no training program).
Significant training‐induced differences were
observed in 1 kg and 3 kg medicine ball throw
gains (GR: +10.3% and +9.8% respectively; GCOM:
+14.4% and +7% respectively), whereas no
significant changes were observed after a DT
period in both the experimental groups.
Significant training‐induced gains in height and
length of the countermovement (vertical and
horizontal) jumps were observed in both
experimental groups. After training period
estimated VO2max increased only significantly for
GCOM (4,6%, p=0.01). The same authors (Santos
et al., 2011b) also compared the effects of an 8‐
week training period of resistance training alone
(GR), or combined resistance and endurance
training (GCOM) on body composition, explosive
strength and VO2max adaptations in a group of
adolescent schoolgirls. Sixty‐seven healthy girls
recruited from a Portuguese public high school
(age: 13.5+1.03 years, from 7th and 9th grades) were
divided into 3 experimental groups to train twice
a week for 8 wk: GR (n=21), GCOM (n=25) and a
control group (GC: n=21; no training program).
Anthropometric parameters variables as well as
performance variables (strength and aerobic
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fitness) were assessed. No significant training‐
induced differences were observed in 1 kg and 3
kg medicine ball throw gains (2.7 to 10.8%)
between GR and GCOM groups. Therefore,
concurrent training seems to be an effective, well‐
rounded exercise program that can be prescribed
as a means to improve muscle strength in healthy
schoolboys.
Moreover,
performing
simultaneously resistance and endurance training
in the same workout does not impair strength
development in young schoolboys and girls,
which has important practical relevance for the
construction of strength training school‐based
programs.

Strength vs. Detraining:
Elite Team Sports
The maintenance of physical performance
during a specific detraining period (decreased in
RT volume and/or intensity) may also be
explained by the continuation of specific sport
practices and competitions and, simultaneously,
by the short duration of detraining itself
(decreased in RT volume and/or intensity). It is
unclear whether the inconsistency of results
between different studies involving different
sports is due to methodological differences,
different training backgrounds, or to different
population characteristics. For example, Kraemer
et al. (1995) observed that recreationally trained
men can maintain jump performance during short
periods of detraining (6 weeks). These researchers
argued that other factors like jumping technique
may be critical for vertical jump performance and
may have contributed to the lack of change in
jump ability. Marques and González‐Badillo
(2006) found that professional team handball
players declined in jump ability during a
detraining period (7 weeks), though not
significantly so. This could suggest that game‐
specific jumping is a better means of positively
influencing jump performance. It might be further
inferred that game‐specific jumping better
promotes jump performance amongst those sports
where jumping is fundamental. These findings
also corroborate our personal professional
experience. In fact, reducing ST volume for a short
time (2‐3 weeks) is not synonymous with
performance decline. Occasionally, performance
would even increase or at least remain stable.

© Editorial Committee of Journal of Human Kinetics
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Immediately following a 8 weeks a ST
program, Garrido et al. (2010) submitted a group
age swimmers to 6‐week detraining period,
maintaining the normal swimming program,
without any ST. During this DT period, the
subjects performed 33 swimming training units
(5.50 ± 0.44 sessions per week). The remaining
training comprised low aerobic tasks, technical
and velocity training. To the best of our
knowledge, this study published by our research
team was the first to examine the detraining
effects on young swimming athletes (<13 years
old). Thus, it is difficult to compare the results
with other studies that have investigated strength
cessation because they differ markedly in a
number of factors, including the sample and the
method of measurement. In addition, few studies
examined detraining effects in swimming athletes
and most of them analyzed physiological
parameters variables and not strength or
performance variables. On this, Neufer et al.
(1987)
observed
that
college
swimmers
maintained their muscular strength as measured
on a swim bench during four weeks of training
cessation, but their swim power, i.e., their ability
to apply force during swimming, declined by
13.6%. This could be due to a longer period of
detraining. It seems that with shorter detraining
periods of between 2 to 6‐7 weeks, performance
could be maintained as was showed on Garrido et
al. (2010) who investigated an intervention group.
Subjects showed no decline in their swimming
performance during the detraining period. As
expected, specific swimming training positively
influenced sprint swim performance.
More recently, our research team (Santos
et al., 2011b) has also studied the effects of a 12‐
consecutive weeks detrained period during the
summer holidays. A sample of healthy boys
recruited from a Portuguese public high school
were randomly divided into three experimental
groups to train twice a week for 8 wk: GR (n=15),
GCOM (n=15) and a control group (GC: n=12; no
training program). Immediately following this,
they commenced a DT period during the summer
holidays. Only the GCOMB significantly
decreased body weight (‐1.7%, p=0.03). There was
no significant difference in body mass index on
the GR group from post‐training to the detraining
moment. In addition, there was no significant
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difference in body fat percentage loss between GR
and GCOM during the intervention period.
After post‐training moment, all groups
showed no significant loss performance on jump
performance (Table 2). In speed running a
significant loss performance was expected but
was not found in both GR and GCOM. In the 1
and 3 kg medicine ball throw distance test, no
significant
changes
were
observed
for
experimental an group, which signifies a
sustained effect of training in this explosive task.
Our results are in disagreement with the findings
of Ingle et al. (2006) where over a detraining 12
week period the experimental group saw
significant reductions for all of the resistance
exercises that ranged from 16.3 to ‐30.3%. Control
group had also no differences in performance
marks for both 1 and 3kg medicine ball throw
distance test. Therefore, it must be suggested that
explosive strength gains induced by both training
programs were kept after a DT period of 12
weeks, as strength is determined, among other
factors, by muscular mass.

Faigenbaum et al. (1996) showed that 8 weeks of
detraining led to significant losses of leg extension
(‐28.1 %) and chest press (‐19.3%) strength
whereas control group strength scores remained
relatively unremarkable. Finally, the VO2max
(ml.kg‐1.min‐1) remained stable for GCOM, except
for GR where a significant loss (‐6.8%) was
observed. Another study (Santos et al., 2011a)
found that changes are more moderate in recently
trained subjects (compared with highly trained
subjects) in the short‐term, but recently acquired
VO2max gains are completely lost after training
stoppage periods longer than 4 weeks.
Conversely, our results show that GCOM kept
VO2max gains even after 12 weeks of DT.
The detraining effect over VO2max has been
poorly studied in non‐adult and non‐sporting
samples.
In summary, the latest studies have
demonstrated that high level athletes from
different sports can enhance strength values using
moderate overall volume.

Table 2
Mean ± standard deviation of upper and lower limbs strength values at all testing trials

CM Vertical Jump (cm)

CM Horizontal Jump (cm)

1kg Medicine ball throwing (m)

3kg Medicine ball throwing (m)

Running Speed 20m (s)

VO2Max (mL.kg‐1.min‐1)

M1

M2

Group

х±

х±

p value (M1‐M2)

GC

0,317±0,07

0,317±0,09

0,71

GR

0,306±0,07

0,277±0,08

0,14

GCOM

0,316±0,09

0,295±0,10

0,37

GC

1,63±0,33

1,62±0,51

0,72

GR

1,56±0,30

1,47±0,36

GCOM

1,74±0,32

1,54±0,43

0,12

GC

8,31±1,71

8,89±1,75

0,11

GR

8,15±1,62

8,13±1,45

0,31

GCOM

7,59±1,73

7,71±2,27

0,37
0,15

0,17

GC

5,01±1,19

5,35±1,30

GR

5,12±1,08

5,10±0,99

GCOM

5,11±1,17

5,03±1,25

0,97

0,29

GC

4,12±0,48

3,52±0,49

0,12

GR

4,05±0,42₮

4,04±0,36

0,43

GCOM

3,81±0,28

3,83±0,50

0,93

GC

47,4±5,5

44,4±8,1

0,52

GR

46,8±6,5

42,1±5,2

0,04

GCOM

51,2±6,7

51,7±6,6

0,83

(after Santos et al., 2011a, in press)
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However, it is our opinion that further
studies are still necessary to clarify this
statement. Furthermore, our results suggest
that a concurrent resistance and endurance
training program seems markedly effective on
both strength and endurance fitness features of

school‐age
boys
and
girls.
Thus,
simultaneously performing resistance and
endurance training in the same workout does
not impair strength development in age‐group
athletes, which has important practical
relevance for the construction of ST programs.
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The Importance of Movement Velocity as a Measure to Control
Resistance Training Intensity

by
Juan J. González‐Badillo , Mário C. Marques 2, 3, Luis Sánchez‐Medina4
1

Configuration of the exercise stimulus in resitance training has been traditionally associated with a
combination of the so‐called ‘acute resistance exercise variables’ (exercise type and order, loading, number of repetitions
and sets, rests duration and movement velocity). During typical resistance exercise in isoinertial conditions, and
assuming every repetition is performed with maximal voluntary effort, velocity unintentionally declines as fatigue
develops. However, few studies analyzing the response to different resitance training schemes have described changes in
repetition velocity or power. It thus seems necessary to conduct more research using models of fatigue that analyze the
reduction in mechanical variables such as force, velocity and power output over repeated dynamic contractions in actual
training or competition settings. Thus, the aim of this paper was to discuss the importance of movement velocity
concerning control training intensity.
Key words: velocity, strength, power, level of effort, testosterone, lactate

Introduction
If we are to speak about the design and
implementation of resistance training programs,
the first thing we must define is the very first term
‘training program’. A training program is the
expression of an ordered sequence or series of
efforts that have a dependency relationship to
each
other.
Since we have used the term ‘effort’ we
must move ahead to define it. The meaning of this
term must be understood in the sense of the actual
degree of demand in relation to the current
possibilities of a given subject. We call this ‘level
of effort (LE)’ (González Badillo and Gorostiaga,
1993, 1995). Therefore, when we talk about
strength or resistance training, the nature of the
effort will be best defined by the number of
repetitions actually performed in each exercise set
with respect to the maximum possible number of
repetitions that can be completed against a given
absolute load. It thus seems reasonable that the

degree or level of effort is substantially different
when performing, e.g., eight out of twelve
possible repetitions with a given load [8(12)]
compared to performing all repetitions [12(12)].
Configuration of the exercise stimulus in
resistance training mainly depends on the
manipulation of three variables: type of exercise,
volume and intensity. Once the exercises have
been selected, the training load will be defined by
the manipulation of volume and intensity. Of
these two, the latter is the most important since it
is the intensity which determines the amount of
volume (number of repetitions) that can be
performed. Furthermore, exercise intensity is
generally acknowledged as the most important
stimulus related to changes in strength levels. It is
for these reasons that we will focus on the study
of training intensity in the following paragraphs.
Exercise intensity during resistance
training has been commonly identified with
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relative load (percentage of one‐repetition
maximum, 1RM) or with performing a given
maximal number of repetitions in each set (XRM:
5RM, 10RM, 15 RM, etc.). However, for several
reasons, none of these methods is entirely
appropriate for precisely monitoring the real
effort the athlete is performing in each training
session.
The first approach requires coaches to
individually assess the 1RM value for each
athlete. It is true that expressing intensity as a
percentage of the maximum repetition has the
advantage that it can be used to program
resistance training for many diferent athletes at
the same time, the loads being later transformed
in absolute values (kg) for each person. Another
advantage is that this expression of the intensity
can clearly reflect the dynamics of the evolution of
the training load if we understand the percentage
of 1RM as an effort, and not as a simple arithmetic
calculus. This would yield valuable information
about the type of training being prescribed. Direct
assessment of 1RM, however, has some potential
disadvantages worth noting. It may be associated
with injury when performed incorrectly or by
novice subjects and it is time‐consuming and
impractical for large groups. Furthermore,
experience tells us that the actual RM can change
quite rapidly after only a few training sessions
and often the obtained value is not the subject’s
true maximum.
An alternative way to prescribe loading
intensity is to determine, through trial and error,
the maximum number of repetitions that can be
performed with a given submaximal weight. For
example, 10RM refers to a weight that can be
lifted ten times, but no more. Several studies have
been conducted to identify the relationship
between selected percentages of 1RM and the
number of repetitions to failure, establishing a
repetition maximum continuum. It is believed
that certain performance characteristics are best
trained using specific RM load ranges. This
method certainly eliminates the need for a direct
1RM test, but it is not without drawbacks either.
Although training using exhaustive efforts is
common practice in strength training, increasing
evidence (Sanborn et al., 2000; Folland et al., 2002;
Izquierdo et al., 2006; Drinkwater et al., 2007)
shows that training to repetition failure does not
necessarily improve the magnitude of strength
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gains and that it may even be counterproductive
by inducing excessive fatigue, mechanical and
metabolic strain for subsequent sessions as well as
undesirable transitions to slower fibre types (Fry,
2004). Fatigue associated with training to failure
not only significantly reduces the force that a
muscle can generate, but also the nervous
systemʹs ability to voluntarily activate the muscles
(Häkkinen, 1993). This could have adverse effects
on rapid force production (ʹrate of force
developmentʹ, RFD), movement velocity and
power of the vast majority of sports movements
(Hakkinen and Kauhanen, 1989). Furthermore,
after performing the first set to failure the number
of repetitions in following sets is reduced,
regardless of recovery. Hence, by the second or
third set it is likely that the athlete may not be
training within the prescribed intensity range.
Therefore, this system, besides being very tiring
and having shown no advantage over other lower
effort types of training, it is unrealistic because it
is practically impossible to know exactly how
many repetitions can be done with a given
absolute load without any initial reference.
Furthermore, if in the first set the subject has
completed the maximum number of repetitions, it
will be very difficult –if not impossible– to
perform the same number of reps in the following
sets.
The aforementioned limitations suggest
trying to find better ways to objectively monitor
training load during resistance exercise.
Movement velocity is another variable which
could be of great interest for monitoring exercise
intensity but surprisingly it has been vaguely
mentioned in most studies to date. The lack of use
of this variable is likely because until recently it
was not possible to accurately measure velocity in
typical isoinertial resistance training exercises.
Thus, most of the research which has addressed
velocity of movement in strength training has
done so mainly in studies that used isokinetic
dynamometry which, unfortunately, is not an
ideal or common training setting. The actual
velocity performed in each repetition could
perhaps be the best reference to gauge the real
effort which is being incurred by the athlete. This
can be achieved with a well‐measured level of
effort (LE) in what we term ‘velocity‐based
resistance training’, a new and much more
accurate and rational training paradigm.

http://www.johk.pl
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Monitoring repetition velocity during
resistance exercise seems important since both the
neuromuscular demands and the training effect
itself largely depend on the velocity at which
loads are lifted. . The higher the velocity achieved
against a given (absolute) load, the greater the
intensity, and this will influence the training effect
(González Badillo and Ribas, 2002).Thus,
movement velocity is a key ingredient of training
intensity. With this training approach, instead of a
certain amount of weight to be lifted, coaches
should prescribe resistance exercise in terms of
two variables: 1) first repetition’s mean velocity,
which is intrinsically related to loading intensity;
and 2) a maximum percent velocity loss to be
allowed in each set. When this percent loss limit is
exceed the set must be terminated. The limit of
repetition velocity loss should be set beforehand
depending on the primary training goal being
pursued, the particular exercise to be performed
as well as the training experience and
performance level of the athlete.
The importance that monitoring execution
velocity in training exercise could provide for
resistance traning programming was already
noticed in 1991 (González‐Badillo, 1991, p. 172).
We have recently studied this hypothesis and we
have been able to confirm some important
practical applications that movement velocity
provides as a determinant of the level of effort
during resistance training as well as an indicator
of the degree of fatigue (González‐Badillo and
Sánchez‐Medina, 2010; Sánchez‐Medina and
González‐Badillo, 2011).
The monitoring or control of movement
velocity during training complements and refines
the concept of ‘level of effort’ (LE), published by
us in 1992 in the text “Methodology of strength
training” (Master COE, Spanish Olympic
Committee) since it truly represents a
breakthrough in determining the degree or level
of effort during resistance training. The LE not
only takes into account the number of performed
repetitions per set, but also the maximum number
of repetitions that could be completed within the
set, and is expressed by the ratio between the
number of repetitions performed and those
possible or achievable reps. Therefore, the nature
of the effort is or expresses the very intensity and
degree of loading, and is determined by two
indicators: 1) the numerical difference between
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the number of performed repetitions and the
maximal possible number; and 2) by the maximal
number of repetitions you can perform within the
set.
In a recent study (González‐Badillo and
Sánchez‐Medina. Movement Velocity as a
Measure of Loading Intensity in Resistance
Training. Int J Sports Med 31: 347‐352, 2010) the
following conclusions were obtained:
 Each percentage of 1RM has its own mean
velocity. This means that mean velocity attained
in the first repetition within a set determines the
real intensity of effort being incurred.
 Mean velocity attained with each percentage of
1RM remains stable after a subject’s RM value is
modified following a period of strength training.
 Mean velocity attained with the 1RM (V1RM)
determines the subtle changes that could take
place in mean propulsive velocity (MPV) with
each percentage of 1RM when a test is repeated
after a training period.
 Only those repetitions whose mean concentric
velocity is not greater that 0.20 m/s should be
considered as true maximum repetitions. As V1RM
exceeds this figure, mean velocities attained with
each % 1RM and relative loads themselves would
deviate from their true values. This means that
when V1RM is not actually measured, as frequently
occurs, the values of mean velocity correspondent
to each %1RM, as well as these percentages
themselves, can easily differ from the true values.
 Movement velocity, expressed as mean
propulsive velocity (MPV), can be considered as
the steadiest variable for muscle strength
assessment in isoinertial conditions.
In another study, we examined the acute
physiological and mechanical responses to fifteen
types of resistance training protocols performed
with different level of effort (LE). Part of the
results have already been published (Sánchez‐
Medina and González‐Badillo. Velocity loss as an
indicator of neuromuscular fatigue during
resistance training. Med Sci Sports Exerc 2011;
published
ahead
of
print.
DOI:
10.1249/MSS.0b013e318213f880).
The
main
conclusions were:
 Relative reductions in: 1) Mean Propulsive
Velocity (MPV) within a set, 2) MPV attained with
the load that elicits a velocity of ~1 m/s in resting
conditions, and 3) vertical jump (CMJ) height, all
can be considered as similarly precise indicators
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of the neuromuscular fatigue induced by acute
resistance training protocols differing in level of
effort when using the most typical intensity range
in resistance training (70‐90% 1RM).
 A given relative loss of MPV experienced
within a set means that the level of induced
fatigue is equivalent irrespective of the number of
repetitions performed, at least in a range between
4 and 12 possible repetitions in the squat (SQ) and
bench press (BP) strength training exercises.
 Capillary blood lactate concentration shows a
linear relationship to the level of effort (LE)
performed, in both SQ and BP exercises.
Moreover, post‐exercise lactate levels are highly
correlated with the relative reductions in
repetition velocity and CMJ height. Therefore, the
blood lactate response to acute resistance exercise
can be considered a good indicator of the level of
effort performed.
 Ammonia concentration shows a curvilinear
relationship to the level of effort (LE), increasing
from resting levels when the number of
performed repetitions within a set exceeds 50% of
the number of possible repetitions against any
load.
 Capillary blood lactate and ammonia levels
show a curvilinear relationship to one another.
Ammonia remains near resting levels until lactate
exceeds ~8 mmol/L in SQ and ~6 mmol/L in BP,
and then increases steadily as the level of effort
increases.
 Ammonia increases from resting levels when
the following relative reductions in mechanical
variables do occur:
~30% (SQ) and ~35% (BP) reductions in MPV
within a set
~15% (SQ) and ~20% (BP) reductions in MPV
attained with the ~1 m/s load
~12% reduction in CMJ height
 Blood glucose level is independent of the level
of effort performed.
 Serum testosterone concentration shows a
linear relationship to the level of effort (LE)

performed. Testosterone response is greater
following SQ compared to BP exercise.
 The resistance exercise protocols that led to the
greatest increases in serum testosterone levels
were those performed with a level of effort of
12(12) and 10(10) in both exercises. These levels of
effort were also the ones that induced the highest
metabolic stress (lactate and ammonia post‐
exercise concentrations).
 All levels of effort led to increases in serum
growth hormone (GH) levels. Increases in serum
GH higher than 1000% were found for the
following protocols: 12(12), 10(12), 8(12), 10(10),
8(8) in SQ; and 12(12), 10(12), 10(10), 6(6) in BP.
 The magnitude of GH response was clearly
dependent on the muscle mass involved in the
exercise. Thus, post‐exercise serum GH levels
were higher for SQ that BP with all levels of effort
analyzed.
 Capillary blood lactate and ammonia levels
showed a high correlation (r = 0,82‐0,91) with
serum GH levels following each of the 15 levels of
effort analyzed.
 IGF‐1 and C‐Peptide hormones do not seem to
be good indicators of the acute level of effort
experienced during resistance exercise because
both showed a very random response pattern in
both exercises, following the 15 resistance training
protocols.
 Serum cortisol levels showed a slight tendency
to increase as the difference between the number
of performed repetitions and the number of
possible repetitions within a set was reduced,
even though the differences between levels of
effort
were
small
and
non‐significant.
Furthermore, cortisol levels were higher in SQ
than in BP.
 It was observed a tendency towards increasing
levels of serum insulin as the difference between
the number of performed repetitions and the
number of possible repetitions within a set was
reduced, even though the differences were not
statistically significant between levels of effort or
exercises.
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Energy Expenditure Combining Strength and Aerobic Training

by
José Vilaça1,2, Martim Bottaro3, Catarina Santos1,2
The combination of Strength Training (ST) with Aerobic Training (AT) exercises in the same training session,
which commonly appears in literature as the concurrent training, is widely used in fitness and physical condition
programs, especially when the aim is to increase the energy expenditure during and after training session. The aim of
this study was to identify, through literature, whether the combination of exercises of the ST with exercises of the AT
allows changes in body composition and energy expenditure during and after the training session. Chronic studies have
showed a positive effect on body composition (decreased in relative body fat) when the ST are combined with AT.
Similarly, the acute effects of the order of combining these two types of exercise does not seem to affect energy
expenditure, measured by oxygen consumption (VO2), during the training session and only change this expenditure in
the first 15 minutes after the training session. In conclusion, we can say that the studies indicate that the combination
of exercises of the ST with exercises of the AT has a positive effect on changes in body composition, and energy
expenditure during and after training sessions.
Key words: Concurrent training, energy expenditure, oxygen consumption, resistance exercise, aerobic exercise

Introduction
The concurrent training is widely used in
fitness and physical condition programs,
especially when the aim is to increase the energy
expenditure during and after training session.
However, it is not clear how the fatigue produced
by a mode of exercise can adversely affect the
quality and quantity of the other exercise mode
(Lemos et al., 2009). Although the literature is
scarce, this study will seek to present the acute
and chronic effects of a combination of strength
(ST) and aerobic training (AT) exercises on the
energy expenditure during and after training
sessions. It was conducted a systematic review of
the literature based on articles that were indexed
to the following databases: Medline, Sport Discus,
ISI and Scielo. After the review the following
inclusion criteria was used: i) chronic studies in
which ST exercises were combined with the AT
exercises, in the same training program, and the
objective was to analyze their
effect on

morphological changes; ii) studies in which ST
exercises were combined with the AT exercises, in
the same training session, and the objective was to
analyze the acute effect of concurrent training on
energy expenditure during and/or after the
training session; iii) data from your laboratory.
Chronic Effects of Strength Training and Aerobic
Training Exercises, in the Same Training Program,
on Body Composition Changes
Several studies show positive chronic
effects, on the energy expenditure and body
composition, with the combination of ST exercise
and AT exercise in the same training program
(Dolezal and Potteiger, 1998; Balabinis et al. 2003;;
Davis et al., 2009; Sillanpää et al., 2009). Although,
only a few combine in the same session ST with
AT exercises (Dolezal and Potteiger, 1998; Davis
et al, 2009).
Dolezal and Potteiger (1998) reported an
increased in absolute resting metabolic rate (RMR)
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in subjects when performed a combination of the
ST with the AT, in the same training session, and
when performed the ST alone. It was also
observed a decrease in RMR when the subjects
performed only the AT. However, when the
absolute value of RMR was divided by fat‐free
mass there was no significant increase in either
group (ST, ST+AT and AT). It is observed, in this
study, that there was also a significant increase in
lean body mass in subjects who practiced only the
ST, and the subjects who practiced the concurrent
training. Thus, revealing the importance of
increased lean body mass to have an absolute
increase in RMR. This fact becomes relevant in
terms of body composition changes, since the
RMR represents about 50% of daily energy
expenditure in active individuals and 70% in
sedentary (Wahrlich and Anjos, 2001). On this
study the ST was performed before the AT.
Recently, Sillanpää et al. (2009), observed
a reduction in percent body fat and increased lean
body mass, in subjects who performed the
combined training in relation to the subjects who
performed only the ST, or the AT, and the control
group. However, the subjects that combined the
ST with the AT performed each session (ST or AT)
on separate days, rising to double the training
frequency (2 to 4) when compared to those who
did only the ST or AT. Balabinis et al. (2003) also
noted a decrease in relative body fat, with higher
percent in subjects who combined the ST with the
AT, compared with those who only performed the
ST and AT (15.5%, 14.9% and 4.9%, combined, ST
and AT, respectively). Note that all groups
performed their training for 7 weeks, with four
weekly sessions, and that the group that
combined the ST with the AT performed the AT
exercises in the morning and seven hours later the
ST exercises. As on the study by Sillanpää et al.
(2009), in the study performed by Balabinis et al.
(2003) there is also a higher training volume, in
the group who performed the combined training,
in relation to the groups who performed the AT
and ST alone. This higher volume and frequency
may have influenced the results of these studies.
Davis et al. (2009), conducted a study
which revealed a decrease in relative body fat in
overweight young women using the combination
of AT with ST. In this study the sets of ST
exercises were performed in pairs, one exercise for
the upper and another for the lower body, for 1
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minute, after each set an AT exercise was
performed for 2 minutes. The total of each
component of ST and AT was 30 minutes.
Therefore, the combination of AT exercise
between blocks of ST seems to have a positive
effect in reducing relative body fat.
We can thus conclude, based on the
articles analyzed, that there is a chronic positive
effect on the level of loss of relative body fat, with
the combination of ST with the AT in the same
training session (Dolezal and Potteiger, 1998;
Davis et al., 2009) and in different sessions
(Balabinis et al. 2003; Sillanpää et al., 2009),
however when used in different sessions the
training volume and frequency (number of
sessions per week) may be a factor that may have
influenced the results. The sequence of the
combine the ST and AT exercises does not seem to
change this positive effect.
Acute effect of Concurrent Training on energy
expenditure
The acute effects of combining the two
types of exercises previously mentioned in the
same training session on oxygen consumption
(VO2) during and/or after the training session, are
scarcely reported in the literature (Drummond et
al., 2005; Lira et al., 2007; Monteiro et al., 2008;
Kang et al., 2009).
Drummond et al. (2005) observed the
sequence of AT and ST, performed on the same
training session, on oxygen consumption after
training session (VO2rec). Nevertheless, in the
study mentioned above, the ST, when executed
alone, caused a higher VO2rec than the AT/ST,
ST/AT and AT groups. In your laboratory we also
observed the effect of the sequence of the
combination of an AT with ST exercises, in the
same session, on the VO2 during training session
and 30 minutes after the session. The exercise of
AT was placed before ST exercises (BST) in the
middle of two blocks of three ST exercises (MST)
and after ST exercises (AST). We observed only
significant differences in the values of VO2rec in
periods of 5 to 15 minutes, between the BST and
AST sequence and in the period 10 to 15 minutes
between the MST and AST sequences. The AST
sequence always presented lower VO2rec values
than the others sequences. It is noted that the
values of VO2rec in the data from your laboratory
and in Drummond et al. (2005) remained above
resting values 30 minutes after the end of the
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training session. But, as in our unpublished data,
in the study of Drummond et al. (2005) only in the
15 minutes after training session was observed
significantly differences between ST and AT
sequences. Based on these data the combination of
AT exercises with ST exercises only influences the
response of VO2rec on the period of 5 to 15
minutes. Also, the sequence ST/AT presented the
lowest VO2rec values.
In relation to VO2 during the training
session, in the study performed by Drummond et
al, (2005), it was observed that the AT exercise
(running on a treadmill) when performed after ST
shows a higher VO2 than when was performed
before the ST or running alone (36,9±1,3;
37,6±1,3;38±1,3 e 39,3±1,3; 39,7±1,3; 40±1,3 ml.kg‐
1.min‐1, 15, 20 e 25 minutes of exercise, before and
after ST, respectively). Also, in a study performed
by Kang et al. (2009), where were observed a
significantly higher absolute VO2, in female
subjects, between cycling in a cycle ergometer
after ST exercise (3 sets of 8 reps of 6 exercises
performed at 90% of the 8 RM and 3 sets of 12
reps of the 6 exercises performed at 60% of the 8
RM). Contrarily to Drummond et al. (2005) and
Kang et al. (2009), on your unpublished data we
not found significant differences during the AT
exercise (cycling in a cycle ergometer), when this
was followed or preceded of the ST exercises. A
possible explanation of the differences between
your data and Drummond et al. (2005) resides on
the device used for the AT exercise (cycle
ergometer vs. treadmill, respectively). It was been
shown by Sedlock (1992) that the VO2 obtained in
running on the treadmill is higher than cycling in
the cycle ergometer, when was used the same
exercise duration and intensity. Other factor that
may have influenced the differences between the
results of your data and Drummond et al. (2005),
was that exercise on cycle ergometer was carried
out with a full‐seated position, thus mitigating the
effect of gravity on the total body mass.
Contrarily, when running on the treadmill the
subjects had to bear the effect of gravity on their
body mass and VO2 tended to be higher
(McMurray et al., 2003). The sequence of ST
exercises that were performed may have also
affected the VO2 during AT. In your unpublished
data the lower body muscle groups were
interspersed with upper body exercise (upper
limbs or middle zone of the trunk ‐ the abdominal
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and lumbar). This exercise sequence was
separated of no less than 11minutes between
lower limbs ST and subsequent AT exercise. This
time period may have been large enough to allow
for a recovery of lower limb muscle groups,
possibly allowing a reduction of the phenomena
of muscular fatigue of these muscles. This
phenomenon could also help to explain the lower
values of VO2 during the AT exercise in your
unpublished data, when compared with those
observed by Drummond et al. (2005). Indeed, in
the study of Drummond et al., (2005), the order of
exercises is based on the alternating ST exercises
for the upper and lower body, excluding the
exercises for muscle groups of the middle zone
and was used an exercise involving the
quadriceps femoris, who was performed
immediately before the start of the running on the
treadmill. As this muscle group interferes with the
running, the response during the course of the
treadmill running may have been influenced by
this request, thus presenting a higher VO2 during
its execution. It has been shown that the VO2
kinetics is faster and the O2 deficit is smaller for a
given exercise when a previous bout of exercise is
performed (Gerbino et al., 1996; Koppo and
Bouckaert, 2000; Burnley et al., 2001;
Scheuermann et al., 2001) involving the same
muscle groups (Yoshida et al., 1995; Fukuba et al.,
2002). The differences between Kang et al., (2009)
and your unpublished data on the VO2 during AT
exercise, may have been with the variations on the
intensities during the AT exercise , in your data,
and in Kang et al, (2009), the same exercise was
performed with same intensity in all period.
Based on these data, we can say that the
combination of ST exercises with the AT exercise
may be affected by the performed order of ST
exercises and the muscle group involved on these
exercises. Also, the type of AT exercise and its
manner of execution (Continuous vs. Intermittent)
may also influence the VO2 during their
execution. In relation to the energy expenditure
during the ST exercises, when ST and AT training
were combined in the same session, only in your
unpublished data studied the VO2 component in
the ST exercises and observed no significant
differences in VO2 between the three orders used
(BST, MST and AST). The mean values observed
were between 17.73 and 16.43 ml.kg‐1.min‐1 in the
ST exercises. These values were according the
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values of VO2 presented on the literature in this
type of exercises in studies that present protocols
of ST with the intensity and volume identical to
the your unpublished, although using the ST as
an only method of training (Hickson et al., 1984;
Melanson et al., 2002).
Monteiro et al. (2008), tried to evaluate the
introduction of running on treadmill, at 60% of
maximum heart rate (HR) between each set of ST
exercises (one set of 30s of ST exercise following
by 30s of running on the treadmill and 10 to 15
seconds of rest). These authors compared the
results with those obtained during the only
execution of 60s of ST exercises, per set, with the
same 10 to 15 seconds of rest between sets. The
conclusions of the work were that the
introduction of a treadmill run between the ST
exercises caused a higher VO2 in the session than
when was only performed the ST exercises (17.5
vs 20.8 ml.kg‐1.min‐1, in the female and 20.4 vs 23.8
ml.kg‐1.min‐1, in the male). These values of VO2
were according with the values of the study of
your unpublished data (22.45, 22.34 and 21.4
ml.kg‐1.min‐1, BTF, MTF and ATF, respectively),
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which leads us to affirm that the combination of
ST with AT exercises, seems to be a good method
of increasing energy expenditure during the
training session.
We can conclude, based on the studies
analyzed, that the Aerobic exercises combined
with Strength Training exercises did not interfere
in the average VO2 during exercises execution and
presented higher values of VO2 during and after
exercise session. There is a chronic positive effect
on the level of loss of relative body fat, with the
combination of ST with the AT. We can also
affirm that the sequence of the aerobic and the
strength training exercises does not interfere in
energy expenditure during the training session.
Similarly, we can conclude that the inclusion of
aerobic exercise after the Strength Training
exercises reduces the VO2 measured during the
first 15 minutes of recovery.
These findings allow the coaches a
diversification on the training session planning
that meets the preferences of the practitioners,
lessen the training monotony and also allows a
change in workout routine, without changing the
main objective, increased energy expenditure.
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Neuromuscular Compression Garments: Effects
on Neuromuscular Strength and Recovery

by
Martim Bottaro1, Saulo Martorelli1, José Vilaça2,3
Graduated compression stockings have been used as a mechanical method of deep vein thrombosis prophylaxis
for several years. Several studies have demonstrated an increase in mean deep venous velocity, reduced venous pooling,
improved venous return, and increase blood lactate clearance in subjects who wore graduated compression stockings
during exercise. A possible improvement in venous return during and after exercise may facilitate the clearance of
metabolites produced during exercise. Also, studies have suggested that compressive clothing can promote tissue
regeneration and consequently positively benefit the muscle function following strenuous exercise. However, the results
from the previous studies are controversial. Also, the majority of the studies investigated the effects of compression
stockings and there is a lack of studies using different compression garments such as compression shorts, shirts and
sleeves. Thus, the purpose of this text is to briefly review the possible effects of compression garments on exercise
performance and muscle recovery.
Key words: muscle strength; muscle soreness; recovery, neuromuscular performance

Introduction
Athletes have been using diverse
mechanisms in the attempt of improving their
performance during training and competitions.
Mechanisms may consist of food supplement
ingestion, pharmacological substances, massages
among others (Bishop et al., 2008). One
mechanism that has been used recently is wearing
the proper garment destined to improve the
performance during the sport activity (Mollendorf
et al., 2004; Kemmler et al., 2009; Tomikawa and
Nomura, 2009; Ali et al., 2011). Among the
specific clothing, one can observe an exponential
increase in the compression garment specially the
use of compression stockings (Ali et al., 2007;
Sigel et al., 1975; OʹDonnell et al., 1979). In the
course of time, these stockings would begin to be
used with the intention of improving the athletes`
performance (Doan et al., 2003) and accelerate the
recovering process (Kraemer et al., 2001; Chatard
et al., 2004; Kraemer et al., 2010). Currently, the

utilization of different types of compression
garment (e.g. pants, shirts, sleeves, etc) has been
in evidence in sports that depend more on
neuromuscular than cardiovascular performance
such as volleyball, tennis, golf, and basketball
(Kraemer et al., 1996). Accordingly, in the last
decades many studies have been investigating the
effects of the use of compression stockings
relating to the improvement of the vertical jump
(Kraemer et al., 1996), the recovery of the
muscular soreness (Kraemer et al., 2001; Kraemer
et al., 2010), and the aerobic performance (Chatard
et al., 2004; Kemmler et al., 2009; Ali et al., 2011).
Therefore, the purpose of this text is to present
studies associated to the possible effects of
different sportive compression garments in the
sports performance.
Compression Garment: Effects on Cardiovascular
and Metabolic Responses
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Several studies have investigated the
effects of the use of compression garments on
cardiovascular and metabolic responses during
the aerobic training. Berry and McMurray (1987)
evaluated the cardiovascular and metabolic
consequences (VO2max and lactate levels) in the use
of compression stockings during maximal
treadmill tests (n=6) and cycle ergometer (n=6). In
the treadmill test, no differences were found in
the VO2max or in the blood lactate levels. Yet, in the
cycle, the use of compression stockings during
and after the test (30 min of recovery) resulted in a
smaller concentration of blood lactate when
compared to the protocol that used the
compression stockings only during the test, and
also the same result when compared to the
protocol that did not use the stockings at all. In
addition, no differences were found between
protocols (stocking vs. non‐stocking) in the
VO2max. Almost 10 years later, Bringard et al.(2006)
performed a study, divided in two parts. In the
first part, they evaluated the energetic cost of the
incremental running test in different submaximal
intensities (10, 12, 14 and 16 km/h) with six male
runners (31.2 ± 5.4 years). The running test was
accomplished at 12km/h, in which a lower
energetic cost with the use of compression pants
was noticed and no difference was perceived in
the heart rate, nor in the ventilation and nor in the
VO2max. In the second part of the study, the slow
VO2 component of six male individuals was
evaluated (26.7 ± 2.9 years) during a 15 min run at
80% of the VO2max. The slow component of the
VO2 was lesser when the subjects used the
compression pants (36%). Once again, there was
no difference in the heart rate or in the ventilation.
In an investigation of the effects of the
compression stockings in 14 male individuals
(36.8 ± 11.2 years) with spinal cord injury, Rimaud
et al. (2007) performed an incremental test using a
wheel chair to measure the lactate levels, the heart
rate, the blood pressure, the VO2 and the
maximum capacity during the test. A statistical
difference was found only in the blood lactate
levels, which was lesser in the compression
stockings` test. Ali et al. (2007) conduced a study
divided in two parts. In the first part, 14 male
individuals (22 ± 0.4 years) realized 20 meters
consecutive running tests with progressive
velocity, and in the second part a 10 km run was
performed. No differences were found in the
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heart rate or the rate of perception exertion (RPE)
in none of the studies. Only in the second study
the delay of muscle soreness (DOMS) was less
intense 24 hours later, when the volunteers used
graduated compression stockings.
In 2010, Sear et al. investigated the use of
full
body
compression
garment
during
continuous low intensity running and intermittent
activity of high intensity. Eight athletes (20.6 ± 1.2
years) participated of the test. The use of this
specific garment improved the performance
during the low intensity run resulting in a bigger
distance covered at the end of the test (4.21 ± 0.51
km vs. 4.56 ± 0.57 km). Also, there was an
improvement of the muscular oxygenation (53.5 ±
8.3% against 55.8 ± 7.2%). No differences were
found in the blood lactate concentrations and in
the VO2max. Hence, it follows that there are still
some controversies about the effects of the
compression garment utilization in order to
improve the aerobic performance and the removal
of blood lactate.
Compression Garment: Effects on Neuromuscular
Response
One of the first studies to verify the
neuromuscular responses resulting from the use
of compression shorts was Kraemer et al. (1996).
Here, 18 male individuals (21.2 ± 3.1 years) and 18
female individuals (20.4 ± .09 years) all volleyball
college players were evaluated. In this study, a
power test of 10 consecutive jumps was
performed, with a three‐second interval between
the jumps. No differences were found in the
maximum power produced during the jumps.
However, there was an increase of the average
power when the volunteers used the compression
shorts. Doan et al. (2003) evaluated diverse
parameters of performance of 10 male individuals
(20.0 ±0.9 years) and 10 female individuals (19.2 ±
1.3 years) in tests using the compression and tests
without the compression garment (60 meters
sprint and vertical jump). No time differences
were found during the running test. Yet, subjects
that used the compression garment jumped high
(0.461 vs. 0.485 m) and showed statistical
difference during the protocols.
More recently, Duffield and Portus (2007)
evaluated the utilization of three types of full
body compression garment in the distance of
consecutive throws of ten cricket players (22.1 ±
1.1 years) before and after 20 meters running tests
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(intervals of 30 min). No differences were found
in the performance during the run or in the total
distance of the throws during the tests. All the
compression garments were capable of reducing
the delayed onset of muscle soreness (DOMS) in
the upper and lower limbs 24 hours after the tests.
Soon after that, Duffield et al. (2008) evaluated the
use of compression shorts during and after two
consecutives test sessions (with a 24h interval)
which simulated a rugby match with 14 young
rugby athletes. The time of the 20 meters running
test was evaluated concurrently with the
maximum power test, the DOMS and the
concentration of creatinine kinase in the blood. In
this case, no difference was found relating to time,
but the athletes reported a lesser muscle pain
when using the compression shorts during the
tests and in the recovery period. At the same time,
Scanlan et al. (2008) performed a incremental test
and a one hour trial duration one time with and
one without the compression pants. The
experiment was constituted of 12 male cyclists
(20.5 ± 3.6 years). No statistical differences were
found in the power or in the muscular
oxygenation during the incremental test or also
during the one‐hour timing trial.
In 2010, Duffield et al. evaluated 11
athletes (2.9 ± 2.7 years) who performed 20 meters
runs and horizontal jumps during 10 min, again
evaluated with and without the compression
pants, during the experiment and 24 hours after
the test. No differences in the timing were noticed,
nor in the distance of the horizontal jumps, nor in
the power of the extensors and flexors of the knee,
or in the RPE, nor in the creatine kinase
concentration, and nor in the reactive protein‐C
and blood pH. Only the DOMS showed some
reduction 24 hours after the execution of the tests
with the compression pants. In the same year, Ali
et al. (2010) performed an experiment with nine
male and one female individual (36 ± 10 years) to
evaluate the effects of the graded compression
stockings (high and low compression) during a 10
km run, in jumps executed before and after the
run, and in the concentration of blood creatine
kinase and lactate. No significant differences were
found in the performance during the run, nor in
the high and power of the jumps prior to the test
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and after, and neither in the concentration of the
blood markers.
Kraemer et al. (2010) evaluated the use of
full body compression garment for a 24h period,
after a high intensity session of high resistance
training with 11 male individuals (23 ± 2.9 years) e
nine female individuals (23.1 ± 2.2 years). The
results demonstrated that the recovery achieved
with the utilization of compression garment
resulted in less fatigue, muscular pain and
muscular swelling, and a better performance in
the bench press power test (throwing). No
statistical difference was found for the other
analyzed variables (Sleep quality, reaction time
and blood creatine kinase). In a more recent
study, Ali et al. (2011) used nine male and three
female trained individuals to evaluate the effects
of the graded compression stockings, tested with
different levels of compression (low, medium and
high compression), during a 10 km run and in
jumps performed prior and after the run. No
difference was found during the running
performance. However, medium and low
compression stockings showed a smaller variation
in the high of the jumps prior and after the run.
As one can see, there is still much
controversy among studies about the ergogenic
effects in the utilization of compression garment
in the aerobic performance and in the
neuromuscular responses. It appears that the
compression garment can be more effective in the
recovery of the muscular damage after the
exercise. The removal of blood lactate also
appears to be favored by some kind of
compression clothing. Therefore, coaches and
athletes should take advantage of these resources
in order to help their athletes, especially during
championships games executed with small rest
between them, which do not allow full recovery.
Also, although many sports are using
compression sleeves (i.e. basketball, golf, tennis,
stand up paddle), the majority of the studies in
the literature focus on investigate only the use of
compression stockings. In this sense, new studies
need to be realized with other types of
compression garments such as pants, shorts and
specially sleeves to better establish their possible
effects.
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Energy Cost of Resistance Exercises: an Uptade

by
Victor M. Reis1,2, Roberto S. Júnior1,3, Adam Zajac4, Diogo R. Oliveira1, 2
The use of resistance exercises and of typical strength training methods have been progressively used to control
body mass and to promote fat mass loss. The difficulties involved in the energy cost calculation during strength
training are associated with the large amount of exercises and their several variations. Mean values between ≈3 and 30
kcal∙min‐1 are typically reported but our studies indicate that it may attain values as high as 40 kcal∙min‐1 in exercises
which involve a large body mass. Therefore, in our opinion, the next step in research must be the isolated study of each
of the main resistance exercises. Since the literature is scarce and that we do consider that the majority of the studies
present severe limitations, the aim of this paper is to present a critical analysis of the energy cost estimation methods
and provide some insights that may help to improve knowledge on resistance exercise. It seems necessary to rely on the
expired O2 measurements to quantify aerobic energy. However, it is warranted further attention on how this measure is
performed during resistance exercises. In example, studies on the O2 on‐kinetics at various conditions are warranted
(i.e. as a function of intensity, duration and movement speed). As for anaerobic lactic energy, it is our opinion that both
the accumulated oxygen deficit and the blood lactate energy equivalent deserve further studies; analyzing variations of
each method as an attempt to establish which is more valid for resistance exercise. The quantification of alactic anaerobic
energy should be complemented by accurate studies on the muscle mass involved in the different resistance exercises.
From the above, it is concluded that knowledge on the energy cost in resistance exercises is in its early days and that
much research is warranted before appropriate reference values may be proposed.
Key‐words: strength training; energy expenditure; aerobic energy; anaerobic energy

Introduction
Physical activity by the use of resistance
exercise (RE) is a common modern trend. This
trend is not limited to high‐performance athletes,
but also in physical rehabilitation programs and
in physical activity with aesthetical or health‐
promotion purposes. As a sign of times, the
American College of Sports Medicine (ACSM,
2006) recommends the inclusion of strength
training (ST) in training routines that aim the
prevention, control and treatment of degenerative
diseases related with sedentary lifestyles. Indeed,
those training methods are progressively more
and more used in exercise programs designed to
address body mass control and fat mass loss.

Concomitantly, the research on the acute and
chronic adaptations to ST as well as to the
execution of RE has increased much in the past
decade or so. Additionally, research on the energy
expenditure (EE) or energy cost (EC) involved in
the execution of RE and in ST has also increased
exponentially.
Research shows an increase in EE during
and after a session of RE, although the total
contribution of ST to the daily EE seems more
related to its influence during exercise itself
(Poehlman et al., 2002; Melanson et al., 2005). The
difficulty to assess EE during ST and the large
variation of results, from 2,7 and 11 kcal∙min‐1 in
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men (Ballor et al., 1989; Pichon et al., 1996;
Melanson et al., 2002; Thornton and Potteiger,
2002; Hunter et al., 2003; Phillips and Ziuraitis,
2003, Garatachea et al., 2007; Silva et al., 2007) and
from 2,3 to 5,2 kcal∙min‐1 in women (Ballor et al.,
1989; Pichon et al., 1996; Binzen et al., 2001;
Phillips and Ziuraitis, 2003), is related to the
amount of exercises and their variations, such as:
muscle groups that are elicited; type of equipment
that is used; number of exercises and repetitions;
load; execution time in the various movement
phases; exercise order; and recovery time between
sets.
The large variability of the values
presented above, turns research almost obsolete in
terms of being able to predict with an acceptable
error which is the EE in a standard session of ST.
In our opinion, the next step in ST research should
be the isolated study of the main resistance
exercises. Being able to identify the bioenergetics
in each exercise and the way it varies with its
different variations or in different populations,
will improve the design of ST programs. In cases
where the aim of the ST is to promote body mass
loss or fat mass loss, the choice of exercises, loads,
recovery periods, total training volume (and other
characteristics of a training session) should be
done according to the knowledge of the EC of
each and every exercise that is used. Indeed, the
bioenergetics of RE is little known, especially in
what concerns the quantification of the EC in
isolated exercises (Scott et al., 2006), and are
mainly focused in squat (Garatachea et al., 2007;
Robergs et al. 2007) and bench press exercise
(Robergs et al. 2007; Scott et al., 2009; 2011). These
rare studies usually include the quantification of
the EC through the evaluation of the aerobic and
anaerobic fractions of energy release during and
post‐exercise. For such, the physiological
measures often used are oxygen uptake (VO2)
during and post‐exercise, the accumulated oxygen
deficit during exercise and the blood lactate post‐
exercise.
Considering the scarcity of studies and
the fact that we do consider that the majority of
the studies present severe limitations, the aim of
the present paper is to present a critical analysis of
the methods that are typically used to quantify
the EC and to propose some new insights suitable
to improve knowledge about RE and ST.
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Energy cost vs. energy expenditure
The reader may notice that in the past
section we have referred two concepts: energy
cost (EC) and energy expenditure (EE). We will
explain the rationale behind the separate
concepts. We chose to use EE when the methods
that are used allow a direct quantification and
with no measurement error. The measurement
error herein is limited to the technological error
with the use of gold‐standard equipments and
techniques; that is, very low. As such, only when
the aerobic fraction of energy release is assessed
with VO2 measurement and only when the
anaerobic energy involved in the exercise is
negligible, it is licit to consider that the EE is truly
measured. So, we have already a first and severe
limitation to use this concept in ST, as RE are
typically characterized by a significant anaerobic
energy release. For these reasons we prefer to
refer to the concept of energy cost (EC). The EC
represents the total amount of energy that is
necessary to perform an exercise and it includes
the two fractions of energy, both aerobic and
anaerobic. The aerobic fraction can be directly
measured without error (other than the
technological
error)
through
the
VO2
measurement; and the anaerobic fraction can only
be estimated. The latter, being estimated, it
involves necessarily a certain amount of error
adding to the technological error associated with
the equipments and techniques of measurement.
This separation can be considered
conceptual or even merely operational. If the
reader prefers, merely operational so be. We do
not disregard the use of EE, but it is important to
draw attention to the fact that VO2 measurements
are only a part of the total energy demand (that
we prefer to call energy cost). Moreover, it is also
important to remind the reader that even VO2
measurements, when performed during recovery
periods (between exercises or post‐session) do not
quantify with precision the aerobic energy release.
In fact, during post‐exercise periods, the VO2
represents several mechanisms that the human
body uses to reestablish its homeostasis. Hence,
post‐exercise VO2 does not quantifies the energy
demand (energy cost) of any given exercise.
Therefore, we consider the EC concept to
be more precise and more suitable to be used. In
the present paper, we will only use this concept
from now on.
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Aerobic energy cost
Aerobic EC is usually assessed by indirect
calorimetric, with the measurement of the VO2
content in expired gases during exercise. The
respiratory exchange ratio (R) is the expression of
the respiratory quotient in the ventilation and can
also be measured in the expired gases. The R may
serve to estimate the relative substrate oxidation
(Wilmore and Costill, 2004) in the muscle cell
(R≈1,0 for predominant carbohydrate oxidation,
R≈0,7 for predominant fat oxidation and R≈0,8 for
predominant protein oxidation). On the other
hand, for each R value there is an energy
equivalent by liter of O2 uptake. In example, the
energy equivalent for R=0,7 is 4,69 kcal∙L‐1 O2; for
R=0,8 is 4,80 kcal∙L‐1 O2; and for R=1,0 it is 5,05
kcal∙L‐1 O2 (Wilmore and Costil, 2004). At rest
conditions, R is typically 0,7 to 0,8 and it may
attain a value above 1,0 at severe exercise
intensities (i.e. those above the lactate threshold).
The use of VO2 as a quantitative measure
of EC and the use of R as an indicator of the
appropriate energy equivalent assumes that gas
exchanges are measured during a metabolic
equilibrium state (when there is a steady‐state
VO2 in the mouth). In practical terms, this means
that the assessment of the aerobic energy cost is
more valid the lower the exercise intensity and the
higher the exercise duration. Grossly, one may
consider as valid the following conditions of
exercise: i) exercise intensities below that
corresponding to the lactate threshold (LT) and a
duration above 3‐min; ii) exercise intensities
comprised between that corresponding to the LT
and that corresponding to the maximal VO2 and a
duration above 5‐min (or a duration that is
necessary to attain a steady‐state).
In running, cycling and swimming
exercise, as well as in some other typical exercise
modes, VO2 kinetics is well described as a
function of the intensity and the duration of
exertion. However, this is not the case with RE.
On the other hand, the intensity which
corresponds to the start of an exponential and fast
accumulation of lactate in the blood is also
scarcely analyzed. Indeed, the lactate threshold
(LT) in the blood, identified as being somewhere
between 70 and 80% of maximal VO2 in running
or cycling exercise, it is not that well established
during RE. Some exploratory data found LT to be
around 30% 1‐RM (Barros et al., 2004; Oliveira et
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al., 2006) in leg press, bench press and biceps curl
exercises. Rocha et al. (2010) confirmed, in a more
careful study, a value of around 32% for LT in
inclined leg press (45°). In addition, the maximal
VO2 concept as a reference to establish exercise
intensity cannot be used in RE until science is able
to uncover at which % of 1‐RM does the VO2
attains its maximal value in the various RE. The
understanding of the full oxidative capacity of the
muscles involved in each RE is necessary to point
out the intensities and durations at which the VO2
kinetics in RE are to be studied and,
subsequentely, the intensities at which the EC can
be considered almost fully aerobic.
The few studies about the aerobic EC in
isolated resistance exercises show that in the
bench press it can be as low as 1,5 kcal∙min‐1
(mean value of men and women performing at
50% 1‐RM), for a total EC of 4,7 kcal∙min‐1 (Scott et
al,, 2009). Robergs et al. (2007) describe a total EC
much higher in men performing bench press and
½ squat at 40 and 70% 1‐RM (10 to 19 kcal∙min‐1).
In the latter study it is not possible to conclude
how much was the aerobic EC but it is likely to be
higher compared to that reported by Scott et al.
(2009).
Our preliminary results (unpublished
data) with recreational resistance‐trained men,
show that in bench press, triceps extension and
latt pull down, the total EC is almost similar and
calculated to be around 3 to 5 kcal∙min‐1 at low
intensities (from 12 to 24% 1‐RM). In these same 3
exercises performed at 80% 1‐RM, the total EC
varied between 10 and 12 kcal∙min‐1, with 22 to
36% released from anaerobic sources (≈2 to 4
kcal∙min‐1). Our data suggest that at intensities
below 30% 1‐RM the energy may be almost fully
aerobic (disregarding that from the O2 stores
which are included in the early O2 deficit) and
that at higher loads the CE may increase
concomitantly to the increases in the anaerobic
energy release (maintaining almost unchanged
the aerobic energy release). This hypothesis is yet
to prove and only careful analysis on the VO2
kinetics, may confirm the negligible anaerobic
contribution at low workloads (up to 30% 1‐RM).
In the ½ squat we found much different
estimations. The total EC at lower intensities
(from 12 to 24% 1‐RM) varied between 10 and 12
kcal∙min‐1, but at 80% 1‐RM attained 40 kcal∙min‐1,
with no more than ≈6 kcal∙min‐1 from aerobic
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sources (other than the O2 stores). The variability
of the data (confidence interval of the predicted
value) and the imprecision of the EC (standard
error of the regression between VO2 and
workload) were larger in this exercise, compared
to those previously identified. Although we did
not analyzed the VO2 on‐kinetics with multi
exponential modeling, in the ½ squat an apparent
slow component was present at intensities below
30% 1‐RM (as shown by a difference between end
VO2 and 2nd minute VO2 higher than
300 ml∙min‐1).
Anaerobic energy cost
The methods which are typically used to
assess the anaerobic EC are less precise compared
to those assessing aerobic EC. A variety of
indirect methods have been used, but none of
them is indisputably accepted as the most
accurate. The gold standard method to asses
alactic and lactic anaerobic energy release would
warrant muscle biopsy, thereby allowing the
quantification of the energy sources inside the
muscle cell (i.e. high‐energy phosphates and
glycogen) as well as an accurate measure of
metabolite accumulation in the muscle (i.e.
muscle lactate). A limitation of this technique is
due to the fact that only a minor portion of the
human muscle tissue may be submitted to a
biopsy. Moreover, it may be necessary to obtain
several samples of tissue located at different
depths to attain a sample that is representative of
the muscle (Gollnick et al., 1972) and that mirrors
the muscle heterogeneity in terms of fiber types
(Sjonstrom and Fridén, 1984). On the other hand,
the fact that this procedure is highly invasive
does misadvises its use.
To assess the lactic portion of anaerobic
EC the most referred measure in the literature is
the energy equivalent of the peak blood lactate
(BL) accumulation post‐exercise. Usually this
measure is completed with an assumption of the
alactic energy sources, with a value that may vary
with exercise and that is often estimated by the
temporal constant of the fast O2 on‐response
during exercise and according to di Prampero et
al. (1981) up to 36.8 mlO2∙kg‐1. The pioneer
studies by Margaria et al. (1963), later followed
by Cerreteli et al. (1969) and subsequently
completed by those of di Prampero (for
references see di Prampero, 1981) allowed the
establishment of a quantitative energy equivalent
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for post‐exercise lactate accumulation in the
blood that could be used to quantify the energy
yielded by the anaerobic lactic source during
running or swimming exercise (generally
between 2.7 and 3.3 ml O2 kg‐1∙mM‐1). It is a fact
that di Prampero clearly stated that this
equivalent does not represents an energy
equivalent
of
lactate
formation,
rather
representing an amount of energy that could be
attributed to the lactic metabolism when the rate
of lactate formation greatly surpasses that of its
elimination (di Prampero, 1981; di Prampero and
Ferreti, 1999). As such, the explanations provided
by di Prampero (1981) allow to conclude that
during sub maximal exercise intensities,
especially at those when blood lactate can be
sustained over time (irrespective of being below
or above the typical 4 mM threshold), that it may
be unnecessary to include such measurements to
estimate the total energy cost of exercise. The
rationale behind this idea is quite simple and
straightforward. The blood lactate values above
that of resting conditions during sub maximal
exercise are probably due to an initial lactate
formation (di Prampero and Ferreti, 1999).
Subsequently the VO2 progressively attains a
steady‐state and is able to match the energy
demand, thereby turning unnecessary to consider
the initial lactate formation in the overall energy
cost. Despite the various sources of error
described for this method in the literature (ex.
Medbø and Toska, 2001), in our opinion, the main
limitation to its application in RE is that every
study that has supported the BL energy
equivalent was performed on running, cycling or
swimming exercise. Therefore, there are no
experimental data that may support the value for
the BL energy equivalent in RE. In RE this
method has been used mostly by Scott (Scott et
al., 2006; 2009; 2011).
The alternative to use the BL energy
equivalent added to the alactic sources
assumptions is the accumulated oxygen deficit
(AOD). This is a measure which includes the two
components and that does not require invasive
techniques. The AOD determination is possible
from VO2 measurement and allows the
quantification of the aerobic and anaerobic
fraction of energy release in relation to the overall
EC. This method, rarely used in RE (Robergs et
al., 2007) has been vastly used for more than 20
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years in other types of exercise such as running
(Reis et al., 2004; Reis et al., 2005), cycling (Buck
and McNaughton, 1999) and more recently in
swimming (Reis et al., 2010a,b) and it is considered
by some as the most realistic available measure of
anaerobic energy release in man during high‐
intensity exercise (Saltin, 1990; Gastin, 1994;
Nakamura and Franchini, 2006). As with many
other methods and techniques which are
currently used in exercise physiology, the AOD is
based in assumptions such as the principle where
the expired gases are believed to reflect
metabolism in active muscles.
The studies on the BL energy equivalent
during isolated RE are limited to bench press, leg
press and biceps curl exercises (Scott, 2006; Scott
et al., 2009; 2011). Scott et al. (2009) verified that
in bench press anaerobic energy was
predominant in men but that in women it was
almost equivalent to that released from aerobic
sources (50% 1‐RM load). The anaerobic EC
(average of men and women) was 3,2 kcal∙min‐1.
In a previous study (Scott, 2006) the author
separated the anaerobic EC between genders
when performing the same exercise at 60 and 80%
1‐RM, and verified higher mean values in men (7
and 9 kcal∙min‐1, respectively), when compared
with women (1 to 2 kcal∙min‐1). Recently, Scott et
al (2011) have confirmed the anaerobic
predominance from 37 to 90% 1‐RM when bench
pressing. Curiously, in the 2006 study (Scott,
2006) anaerobic energy release was minor (20 a
40%) compared to the aerobic fraction in the three
exercises above mentioned (at 60 to 80% 1‐RM
loads in both genders). Anaerobic fraction in
biceps curl was 3 kcal∙min‐1 at 60% and it was 1
kcal∙min‐1 at 80% 1‐RM in women; and it was 6
kcal∙min‐1 at 60% and 3 kcal∙min‐1 at 80% 1‐RM in
men. Finally, in leg press anaerobic EC was up to
3 kcal∙min‐1 in women and it was 9 to 10 kcal∙min‐
1 (also at 60% and 80% in men). It is worthwhile to
mention that none of these estimations added the
contribution of the alactic energy to the anaerobic
energy cost.
Using the AOD method to assess the EC
in RE, our data with trained men suggest that in
bench press, triceps extension and latt pull down
the anaerobic EC is 7 to 10 kcal∙min‐1, representing
from 65 to 80% of total energy release
(unpublished data). In the ½ squat at the same
relative intensity, we found a mean anaerobic
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fraction ≈80% with an EC from anaerobic sources
up to 36 kcal∙min‐1. According to our results, the
AOD during RE may attain values close to 50 ml∙
kg‐1min‐1 in a 30 s duration, which represents a
rate of anaerobic energy release higher than that
described for maximal intensity running or
cycling.
In summary it seems to be quite clear that
it is necessary to rely on expired O2 measurements
to assess the aerobic EC during RE. However,
further research is warranted to improve the
interpretation of this measure (i.e. further research
on O2 on‐kinetics as a function of exercise
intensity, duration or movement speed). The post‐
exercise VO2 measurement may be of interest only
in the case of comparative studies and when full
sessions of ST are to be analyzed, but not in the
bioenergetics characterization of isolated RE; since
this measure includes both aerobic and anaerobic
metabolisms and it also involves homeostasis
mechanisms which do not reflect quantitatively
the energy demand during exercise.
Regarding the estimation of the lactic
anaerobic EC, it is our opinion that more studies
are warranted using both the BL energy
equivalent and the AOD. However, these should
be, in a first stage, mainly methodological;
analyzing possible variations of each method to
unravel which of the two is more likely to be valid
and precise in the case of RE. The alactic energy
release may be investigated though multi
exponential modeling of the O2 on‐kinetics (O2
deficit) and off‐kinetics (O2 debt). However, this
approach ought to be complemented with
concomitant studies aiming to quantify more
precisely the amount of muscle mass involved in
each RE exercise (once the alactic energy
estimation is dependent on the amount of muscle
mass which is active). To date, the available
studies show that:
 The EC in RE at the intensities often used
in training is predominantly anaerobic.
 The rate of anaerobic energy release in
exercises such as squatting may be higher
than maximal values described for high‐
intensity running or cycling.
 The anaerobic EC seem to present
different estimations according to the
different methods (lactate energy equivalent
vs. AOD). This mismatch may indicate that
the lactate energy equivalent from running,
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cycling and swimming studies may not be
applicable to RE.
 The total EC involved in RE may attain
values up to 40 kcal∙min‐1 in exercises which
elicit a large muscle mass.
From the previous analysis it is concluded
that knowledge about the true energy cost of
resistance exercise is still in its early days and
much research is still warranted before reliable
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reference values are available. The large
variability in strength training methods and in the
execution of resistance exercises (speed, range of
movement, type of contraction, etc) implies a
wide range of possible studies. However, the next
step in the evolution of the state‐of‐the‐art should
comprise methodological analysis able to
demonstrate which methods, techniques and
procedures are to be recommended in this line of
research.
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Non‐Linear Periodization for General Fitness & Athletes

by
Steven J. Fleck1
Periodization of resistance training or planned changes in training volume and intensity are used to maximize
strength and fitness gains. Several types of periodized resistance training plans have been developed. The most common
of these plans is linear also termed classic or strength/power periodization and nonlinear periodization. The biggest
difference between these two types of training plans is with nonlinear periodization changes in training volume and
intensity are made more frequently. The most common type of nonlinear periodization is daily nonlinear periodization
where substantial changes in training intensity and volume are made from one training session to the next training
session. Periodized resistance training does result in greater strength gains than non‐periodized programs. While both
linear and nonlinear periodization plans result in significant strength and fitness gains some research indicates greater
strength gains with daily nonlinear periodization.
Key words: periodization, linear, nonlinear, youth

Introduction
Training periodization has long been used
by athletes and coaches in an attempt to maximize
fitness gains and physical performance. More
recently fitness enthusiasts and personal trainers
have also begun to utilize periodized training
plans. Although all types of training (aerobic,
sport specific, interval training) can be periodized
here only periodization of resistance or weight
training will be considered. Periodization of
resistance training refers to planned changes in
the acute training program variables of exercise
order, exercise choice, number of sets, number of
repetitions per set, rest periods between sets and
exercises, training intensity, training volume, and
number of training sessions per day in an attempt
to bring about continued and optimal fitness
gains. The main goals of periodized training are
optimizing training adaptations during both short
periods of time (e.g. weeks, months) and long
periods of time (e.g. years, an entire athletic
career). Some periodized plans also have as a goal
to peak physical performance at a particular point
in time, such as for a major competition. Another
goal of periodized resistance training is to avoid

1

training plateaus.
A large number of studies and a meta‐
analysis indicate periodized resistance training
programs result in greater strength increases in
both sexes, untrained individuals and trained
individuals compared to non‐varied programs or
performing the same number of sets and
repetitions per set for the entire training program
(Rhea and Alderman 2004). Changes in the acute
training program variables result in a virtually
limitless number of possibilities and so a limitless
number of both short‐ and long‐term periodized
training strategies. However, two major types of
periodized resistance training: classic, linear or
traditional strength/power periodization and
nonlinear periodization have received the most
attention from the sport science, coaching and
fitness enthusiast communities.
Types of Periodization
Long‐term programs of classic, linear or
traditional
strength/power
periodization
programs begin with high volume‐low high‐
intensity training and progress towards low‐
volume high‐intensity training. Normally the
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entire training plan takes several months to
complete. If training is continued the entire plan
beginning with high‐volume low‐intensity
training is repeated.
Typically with linear
periodization different training phases of different
volumes and intensities last approximately 4‐6
weeks. Thus 4‐6 weeks of training may be spent
predominantly training with a particular training
zone, such as 8‐10 or 1‐3 repetitions per set.
Different training phases in many linear plans
have a specific training goal and name, such as
hypertrophy, strength, strength/power and
power. One goal of many linear periodization
programs is to peak or maximize strength/power
after the last training phase typically termed a
power phase.
While with nonlinear periodization
training intensity and volume are changed much
more frequently (Fleck and Kraemer 2004;
Kraemer and Fleck, 2007). In fact the most
common type of nonlinear periodization is termed
daily nonlinear periodization. In this type of
periodization training zones are changed in
successive training sessions that is a different
number of repetitions per set are performed from
training session to training session. The simplest
pattern of daily nonlinear periodization uses three
training zones, such as 4‐6, 8‐10 and 12‐15
repetition maximum zones, with each training
zone being used for one training session per week
for a total of three training sessions per week.
Nonlinear programs have also been developed
where a particular training zone is utilized for
one‐ or two‐week periods before a change in
training volume and intensity is made. Such
programs are typically called weekly or biweekly
nonlinear periodized plans.
No matter which type of periodized
resistance training is used other changes than the
number of repetitions per set can also be made.
Number of sets per exercise can be increased or
decreased to change total training volume.
Different exercises can be performed as the
training progresses. Typically this change
involves removing single joint exercises while
keeping multi‐joint exercises as training
progresses. In many training plans other changes
in the type of resistance exercises are also made,
such as variations of the Olympic lifts, are
emphasized when a training phase emphasizes
power. In many periodized plans changes in

Journal of Human Kinetics Special Issue 2011,

Non‐linear periodization for general fitness & athletes
intensity and volume are utilized mainly for
multi‐joint or multi‐muscle group exercises. Thus
in many periodized plant single joint or single
muscle group exercises are not periodized.
Although all of these changes are used in
periodized plans research has predominantly
examined the effect of different numbers of
repetitions per set, which is a change in intensity
and volume, when comparing periodized training
plans.
Periodization Comparisons
Most
research
comparisons
of
periodization models are between daily nonlinear
and linear periodization with training durations
of between 9‐15 weeks. Some comparisons show
significantly greater strength gains with daily
nonlinear peridoization in college‐age males
(Rhea et al. 2002; Monteiro et al. 2009). While
other
comparisons
show
nonsignificant
differences between the two types of
peridoization, but favor nonlinear (Kok et al. 2009;
Prestes et al. 2009) or the linear periodization
(Bufford et al. 2007; Hartman et al. 2009; Hoffman
et al. 2009) for percentage gains in maximal
strength. Most comparisons involved healthy
young males and females with limited or no
resistance training experience, while one study
trained collegiate American football players
(Hoffman et al. 2009). So research training
experienced weight trainers and athletes is
needed. The above studies indicate daily
nonlinear periodization is at least as effective or
possibly more effective than the linear
periodization for maximal strength gains.
A limited number of studies indicate
motor performance and power increases are not
significantly different between daily nonlinear
and linear periodization (Hartman et al. 2009;
Hoffman et al. 2009). Additionally, body mass and
body composition changes with these two types
of peridoization are similar and do not
significantly change during the training durations
investigated (Rhea et al. 2002; Bufford et al. 2007;
Hoffman et al. 2009; Kok et al. 2009; Monteiro et
al. 2009; Prestes et al. 2009). However, all but one
of these studies (Rhea et al. 2002 used
plesmography) used skinfolds to estimate body
composition which may not be sensitive enough
to determine small changes in body composition
or differences between training programs.
Comparisons of weekly and biweekly
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nonlinear to linear periodization also show little
difference in fitness gains between periodization
plans. For example, a comparison of biweekly
nonlinear periodization, linear periodization and
a non‐varied training program (3 sets of 6
repetitions) has been performed. The results
showed all training types significantly increased
maximal strength, vertical jump and fat‐free mass,
with no significant differences between training
types (Baker, Wilson and Carlyn 1994).
Collectively the above comparisons indicate
nonlinear and linear periodization show little
difference in body composition or motor
performance changes.
Flexible Nonlinear Periodization
Flexible nonlinear periodization is a
relatively new type of periodization. Flexible
nonlinear periodization uses the nonlinear
training model but allows changes in training
based upon the readiness of a trainee to perform a
specific training zone. The decision to change the
planned training zone for a specific training
session is made using several pieces of
information. A test, such as a maximal vertical
jump, standing long jump or medicine ball throw,
can be performed immediately prior to a training
session to help determine the readiness of a
trainee to perform a specific training zone. The
beginning sets of the first few exercises in a
training session can also be monitored to help
determine the physical readiness of a trainee to
perform a specific training session.
For example, if a standing long jump is
performed immediately prior to a training session
and the trainee cannot achieve at least 90% of
their previous maximal standing long jump, the
trainee may be fatigued. Similarly fatigue is
indicated if an individual could previously
perform 10 repetitions of an exercise with a
specific resistance and at the start of a training
session can only perform seven repetitions with
this resistance. The fatigue or other physiological
factor, such as delayed onset muscle soreness,
could be due to previous resistance training
sessions or other types of training (interval
training, sports skill training) being performed as
part of the total training program. Psychological
stress due to work or any other factor could also
prevent
performing
up
to
previously
demonstrated abilities. No matter what the reason
in this example if a moderate‐intensity moderate‐
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volume (4 sets of 10‐12 repetitions) training zone
was scheduled to be performed the training zone
would be changed to a different zone (3 sets of 12‐
15 repetitions).
It is also possible to change from a low‐
intensity high‐volume training zone to a higher
intensity and lower volume zone. For example, a
standing long jump is performed and 100% of the
best standing long jump is achieved or sets of 8‐10
repetitions are planned, but the trainee achieves
12 repetitions per set in the first exercise of a
training session. In this case rather than
continuing with a training zone of 8‐10 repetitions
a higher intensity zone (4‐6 repetitions) may be
performed because fatigue is not indicated and it
appears the trainee is ready to train at a high
intensity. Flexible daily nonlinear periodization
and training zone changes have been previously
extensively discussed (Kraemer and Fleck 2007).
To date, little research has been
performed
concerning
flexible
nonlinear
periodization. A variation of this type of
periodization has been employed to maintain and
increase physiological markers in collegiate
Division I soccer players throughout a 16‐week
season (Silvestre et al. 2006). Resistance training
sessions were changed to meet the players
readiness to perform a specific type of training
session based upon the strength and conditioning
coaches subjective evaluation and heart rates
during soccer practice sessions and games. The
flexible nonlinear periodized program resulted in
the maintenance of vertical jump ability, short
sprint ability and maximal oxygen consumption
throughout the season. However, significant
increases in total lean tissue, leg lean tissue, trunk
lean tissue, total body power (17% increase in
repeat push press power) and lower body power
(11% increase in repeat squat jumps followed by a
short sprint) were shown pre ‐ to post‐season.
This study did not compare flexible nonlinear
periodization to a different type of training.
However, the results indicate the flexible
nonlinear periodization did maintain or increase
fitness markers throughout a soccer season.
A comparison of a flexible daily nonlinear
to nonlinear periodization indicates flexible
nonlinear periodization offers some advantages
(McNamara and Stearne 2010). Students in a
college weight training class performed either a
flexible nonlinear or planned (had to perform the
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planned training session on a specific day)
nonlinear periodized program two times per
week for 12 weeks. The individuals performing
the flexible nonlinear program could choose prior
to a training session which of three training zones
(10, 15, 20 repetitions per set) they would perform.
However, at the end of the 12 weeks of training
trainees in the flexible nonlinear program had to
perform the same number of training sessions in
each training zone as the planned nonlinear
program.
Pre‐ to post‐training one repetition
maximal (1 RM) chest press ability and maximal
standing long jump ability significantly increased
with both training plans with no significant
difference shown between plans. However, 1 RM
leg press ability increased significantly more with
the flexible nonlinear program. These results
indicate the flexible nonlinear periodization plan
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did not result in a significant greater increase in
upper body strength, but did significantly
increase lower body strength to a significantly
greater degree. Although little research has been
performed on flexible nonlinear periodization this
type of training plan appears promising.
Periodized resistance training does result
in greater fitness increases than non‐periodized
programs. Nonlinear periodization results in
similar fitness gains or possibly even greater
fitness gains than linear periodization. While
flexible nonlinear periodization has received little
study by the sports science community it appears
to be a promising periodized type of training.
Thus coaches and fitness enthusiasts can use
nonlinear and flexible nonlinear periodization
plans with confidence that these types of
periodization will result in significant fitness
gains.
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Influence of the Number of Sets at a Strength Training
in the Flexibility Gains

by
Roberto S. Júnior , Thalita Leite2, Victor M. Reis1,3
1,2

The aim of this study was to investigate the effects of 10 weeks of strength training with different number of
sets and their influence on flexibility of young men. Sixty men were divided into three groups as follows: group that
trained 1 set per exercise (G1S), group that trained 3 sets per exercise (G3S) and control group (CG). The training
lasted 10 weeks, totaling 30 training sessions. The training groups performed 8 to 12 repetitions per set for each
exercise. The flexibility at Sit and Reach Test was evaluated pre and post‐training. Both trained groups showed
significant increase in flexibility when compared to pre‐training and the G3S showed significant difference when
compared to CG post‐training. According to this study, the strength training carried out without flexibility training
promotes flexibility gains regardless the number of sets.
Key words: resistance training, training volume, stretching

Introduction
According to the American College of
Sports Medicine (ACSM, 2000) the physical fitness
is related to health through five basic components:
body composition, aerobic capacity, strength,
endurance and flexibility. Among these
components, strength and flexibility are important
variables of physical fitness, and their appropriate
levels are required not only for the health
promotion and maintenance, and functional
autonomy but also for safe and effective
participation in sports (ACSM, 1998).
Regular practice of strength training can
be aimed to increase flexibility. Several studies
found that isolated strength training promotes
improvement in flexibility (Barbosa et al., 2002;
Fatouros et al., 2002; Fatouros et al., 2005;
Fatouros et al., 2006; Monteiro et al., 2008; Santos
et al., 2010; Simão et al., 2011). Fatouros et al.
(2002) investigated the influence of aerobic
training, strength training and the combination of
both in range of motion of elderly sedentary men,
65‐78 years. In the group that only trained

strength, significant differences were found for all
the joints that were assessed. Barbosa et al. (2002)
investigated the effects of 10 weeks of strength
training on the flexibility response of elderly
sedentary women, 62‐73 years. Flexibility was
assessed using the Sit and Reach Test, before and
after strength training. They found that the
training caused a significant increase in flexibility,
while no difference was found in the control
group. Nóbrega et al. (2005) investigated the
interaction between strength training and
flexibility in sedentary young adults. After 12
weeks, the authors found that isolated strength
training was not able to increase the flexibility
significantly. Monteiro et al. (2008) verified the
effect of strength training on flexibility in
sedentary women, and the strength training
program was implemented through circuit
training. The results showed different behaviors
for different joints and movements before and
after the training period. In conclusion, the results
suggested that strength training increased
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flexibility in sedentary adult women. Recently,
Simão et al. (2011) verified the flexibility gains in
80 sedentary women divided into four groups. In
the group that only performed strength training
(n=20) for 8 exercises for the upper and lower
body, they performed 3 sets of each exercise, in a
periodized form, was verified the flexibility
improvement in the Sit and Reach Test.
In sum, the literature reports the positive
effects of strength training on flexibility and the
available studies used different types of training
methods and different combinations of exercises
(Barbosa et al., 2002; Fatouros et al., 2002;
Fatouros et al., 2005; Fatouros et al., 2006;
Monteiro et al., 2008; Santos et al., 2010; Simão et
al., 2011). However, to our knowledge, no study
has investigated whether the number of sets could
affect the changes in flexibility. Therefore, the
purpose of this study was to investigate the
effects of 10 weeks of strength training with
different number of sets, and its influence on
flexibility.

Material and Methods
Subjects
Sixty men, intentionally chosen, were
divided into three groups: 1 set per exercise (G1S)
(n=20), 3 sets per exercise (G3S) (n=20) and control
group (CG) (n=20). To be included in the study, all
participants
must
have
the
following
characteristics: a) be recreationally trained in
strength training and flexibility at least one year
before the study began; b) not perform any type of
regular physical activity other then the prescribed;
c) not present any functional limitations to
strength training or for the performance of the
tests involved in the study; d) not present any
medical limitations that could influence the
training program, and; e) not use any nutritional
supplementation (the military diet was the same
for all participants). All participants signed an
informed consent form that explains the testing
and training procedures conducted during the
study. The study protocol was approved by the
ʺResearch Ethics Committee of Rio de Janeiro
Federal University (Brazil)ʺ.
Data collection pre and post‐training (10
weeks) was performed in four days. On the first
visit, between 7:00 and 8:00 am, anthropometric
and flexibility measures were made. On the
second day (24 hours after), all the tests were
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repeated to determine the test retest reliability. On
the third day (24 hours after), the 5 repetitions
maximum test (5RM) was applied. On the fourth
day, 48 hours later, the 5RM test was repeated.
5 Repetitions Maximum Test (5RM)
The subjects were evaluated in two non‐
consecutive days in both pre and post training.
The 5RM test was conducted for the exercises:
bench press (BP) and leg press (LP). All exercises
were performed on machines Rotech Fitness®
(Goiânia ‐ Brazil). To minimize the error during
the 5RM tests, the following strategies were
adopted (Simão et al., 2005): (a) standardized
instructions concerning the testing procedures
were given to participants before the test; (b)
participants received standardized instructions on
exercise technique; (c) the exercise technique of
subjects was monitored and corrected as needed
during testing, because variations in the
positioning of the joints involved in the
movement could activate other muscles, leading
to misinterpretation of scores, and; (d) standard
verbal encouragement was provided during the
test procedure. During the 5RM test, each subject
had a maximum of three attempts at each exercise
with a rest interval of 5 minutes between them
and 10 minutes before the start of the test of the
next exercise. The standard exercise technique
was conducted for each exercise. No pause was
allowed between the eccentric and concentric
phases of a repetition nor between the repetitions.
The range of motion determined should be
achieved to define completion of a successful
repetition. The heaviest load achieved on either of
the test days was considered the 5RM.
Flexibility Measurement (Sit and Reach Test)
Flexibility was measured before and after
10 weeks using a Sit and Reach Test (ACSM,
2000). The subject sat with their feet firmly against
the testing box, keeping their knees extended and
hands placed one over the other; reached forward,
sliding the hands along the measuring ruler. The
considered score was the greatest distance
recorded in the three attempts with a 10‐second
interval between them (ACSM, 2000). The same
procedure was performed after training. All
flexibility tests were conducted in the same period
of the day. Data collected during the first
evaluation were not available to the examiner to
prevent
information
bias
during
the
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measurements taken after training.
Before the flexibility test, a warm‐up of 4
stretching exercises was performed for the muscle
groups involved in the evaluation. Two sets of
static stretching were used for the warm‐up
protocol, holding the position for 10 seconds in
each set, until a point of slight discomfort was
reached. A 10‐second interval was provided
between the warm‐up stretching sets. The warm‐
up exercises followed the protocol of the Sit and
Reach Test of American College of Sports
Medicine (2000).
Training Protocol
The exercise order for all groups (G1S and
G3S) was: BP, LP, lat pull‐down, leg extension,
shoulder press, seated leg curl, biceps curl,
abdominal crunch and triceps extension. The CG
not participated in the strength training program.
All subjects performed the sets with moderate
intensity (8 to 12 repetitions) in each exercise.
During the sessions, the subjects were verbally
encouraged to perform all sets to concentric
failure and the same definitions of a complete
range of motion were used to define completion
of a successful repetition. There was no attempt to
control the velocity of the repetitions performed.
The training load was increased when the
individual could perform more than the
prescribed number of repetitions (12 repetitions).
Frequency of the training program was 3 sessions
per week with at least 48 to 96 hours between the
sessions. A total of 30 sessions was performed

during the training period. Prior to each training
session, the subjects performed a specific warm‐
up,
consisting
of
10
repetitions
with
approximately 50% of the load used in the first
and second exercises of the training session.
Adherence to the strength training was 100% for
all participants. All training sessions were
monitored by an experient physical education
professional and the subjects were not allowed to
perform aerobic or flexibility exercises during the
training period.
Statistical Analyses
All data were expressed as mean ±
standard deviation. Statistical analysis was
initially performed by Kolmogorov‐Smirnov
normality test and for the homocedasticity test
(Bartlett criterion). All variables showed normal
distribution and homocedasticity. An ANOVA
one‐way was used and, when the differences were
significant, the Tukey post hoc test was applied
for comparisons. An alpha level of p<0.05 was
considered statistically significant for all
comparisons. Statistica® 6.1 statistical software
was used for all statistical analysis.

Results
The trained groups showed a significant
increase in flexibility in relation to pre‐training
and the G3S showed significant difference when
compared to CG in the post‐training (Figure 1).

Figure 1
Sit and Reach Test result. Values expresses as mean ± standard deviation.
* Statistically significant difference compared to the pre‐training.
# Statistically significant difference compared to CG post‐training (p<0.05)
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Table 1
Anthropometric measures pre and post‐training in the two groups of subjects
Height (cm)

Body Mass (kg)
Pre

Post

CG

175.68 ± 4.39

78.39 ± 5.68

78.56 ± 4.39

G1S

177.64 ± 2.57

78.19 ± 3.52

80.16 ± 3.00

G3S

178.22 ± 2.71

79.02 ± 4.85

82.31 ± 4.36

Table 2
5‐RM values pre and post‐training in the two groups of subjects
BENCH PRESS
Pre
Post
CG
72.00 ± 6.81
72.28 ± 6.35
G1S
71.11 ± 8.20
76.56 ± 8.90
G3S
71.67 ± 8.31
82.22 ± 5.57*
LEG PRESS
Pre
Post
CG
166.40 ± 14.20
168.4 ± 16.04
G1S
166.60 ± 15.74
184 ± 12.12*#
G3S
168.82 ± 14.19
204.6 ± 13.53*#@
* Difference compared to pre‐training. # Difference compared to CG post‐training (p<0.05).
@ Difference compared to G1S post‐training (p<0.05).

Table 1 shows that groups were not statistical
different when compared between them, both in
the pre‐ and post‐training in anthropometric
measures. Table 2 shows the strength gains in
5RM.

Discussion
The purpose of this study was to examine,
in young recreationally trained men, if the
isolated strength training in different training
volumes (1 or 3 sets per exercise) could influence
in flexibility gains. The main finding of this
research was that the strength training performed
without the flexibility training promotes flexibility
gains regardless of the number of sets. In fact,
both trained groups (G1S and G3S), promoted
significant gains post‐training when compared to
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pre‐training, but only G3S showed significant
gains when compared to CG post‐training.
Regard to strength gains in 5RM, it was observed
that G3S showed greater gains in both the
analyzed exercises.
Actually, only two studies (Fatouros et al.,
2006; Santos et al., 2010) investigated the influence
of methodological variables of strength training
on flexibility gains. Santos et al. (2010) showed
that different training methods, alternated
strength training and agonist/antagonist, were
able to significantly increase the flexibility levels
after 8 weeks of training. The study was
conducted in sedentary young women (24 to 28
years) and lasted for 8 weeks. Eight exercises were
conducted for entire body, in three weekly
sessions. The flexibility measure was conducted
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through goniometry and flexibility gains were
showed regardless of the training method used.
The authors concluded that strength training can
increase the flexibility levels of an individual.
Fatouros et al. (2006) showed that regardless of
intensity of strength training, 40, 60 or 80% of
1RM, the flexibility increased after 6 months of
training. The study was conducted in elderly
untrained (65 to 78 years) and lasted six months.
The subjects performed 10 exercises for the entire
body, three times weekly. The trunk flexibility
measure was performed through the Sit and
Reach Test and was showed that flexibility gains
were dependent of training intensity. In the
groups that trained at 40, 60 or 80% of 1RM,
flexibility gains in Sit and Reach Test were 13, 22
and 26%, respectively. In addition to the Sit and
Reach Test for the trunk measure, the goniometry
was used for measures in other joints, but the
results were similar to that obtained in the Sit and
Reach Test, that is, flexibility gains were greater
when groups trained at moderate intensity (60%
of 1RM) or at high intensity (80% of 1RM) when
compared to the group that trained at lower
intensity (40% of 1RM). Authors concluded that
flexibility gains are dependents of strength
training intensity.
Despite of methodological differences
between our study and those conducted by Santos
et al. (2010) and Fatouros et al. (2006), our results
allow us to infer that volume of strength training
also appears to influence in flexibility gains. We
used nine strength exercises, but alternating
upper and lower body for 10 weeks, three times a
week. Perhaps, the greatest difficult in finding
significant differences between groups that
trained 1 or 3 sets was the fact that both were
recreationally trained in strength training and
flexibility. Maybe if the training duration was
longer, we would find any difference in the Sit
and Reach Test. This observation is due to the fact
that the group which performed 3 sets had a
significant flexibility gain in relation to CG post‐
training. The same not happen with the 1 set
group in relation to CG post‐training. Thus, we
believe that the training volume of strength
training in trained people influences the flexibility
gains, but it is necessary to conduct a study with
longer duration.
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Concerning the flexibility gains through
the isolated strength training, our results
corroborate with previously published studies in
this area (Barbosa et al., 2002; Fatouros et al., 2002;
Fatouros et al., 2005; Fatouros et al., 2006;
Monteiro et al., 2008; Santos et al., 2010; Simão et
al., 2011). However, only one study (Simão et al.,
2011) verified the isolated strength training
compared to isolated flexibility training and the
combination of both. Eighty young women were
divided into four groups: strength (n=20),
flexibility (n=20), strength and flexibility (n=20)
and control group (n=20). The flexibility measure
was done through the Sit and Reach Test and,
they found that the group that trained strength
and flexibility in the same training session had
greater flexibility gains than the group that
trained only strength or only flexibility.
Interestingly, the group that trained strength and
flexibility in the same session had a longer
training compared to the groups that only trained
strength or flexibility. This leads us to believe that
the total training volume seems to affect the
flexibility gains, but it is needed future studies
with this purpose in special for really infer this
conclusion.
In relation to strength gains in 5RM for
bench press and leg press, it was evident that
multiple sets promoted greater strength gains.
Although it was not the main focus of our
experiment, we found that strength gains are
dependent of training volume and it is important
to observe that both, the flexibility and the
strength gains seem to be dependent on the
training volume. Our findings regarding strength
gains corroborate with the previously showed in
the literature, that is, there is a dose dependency
relationship in strength gain related to the
number of sets (Rhea et al., 2002; Rhea et al., 2003;
Bottaro et al., 2009).
When think in health gains or physical
performance, it seems to perform isolated
strength training, with a greater volume of
training, is sufficient to promote flexibility gains.
Health professionals can use this training strategy
to increase flexibility when the session time is
reduced. However, it is important to emphasize
that only the isolated strength training might not
be enough to increase flexibility in a specific way.
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Associations Between Rate of Force Development Metrics
and Throwing Velocity in Elite Team Handball Players:
a Short Research Report

by
Mário C. Marques 1,2, Francisco J. Saavedra, Catarina Abrantes 2,3, Felipe J. Aidar2
Performance assessment has become an invaluable component of monitoring participant’s development in
distinct sports, yet limited and contradictory data are available in trained subjects. The purpose of this study was to
examine the relationship between ball throwing velocity during a 3‐step running throw in elite team handball players
and selected measures of rate of force development like force, power, velocity, and bar displacement during a concentric
only bench press exercise in elite male handball players. Fitteen elite senior male team handball players volunteered to
participate. Each volunteer had power and bar velocity measured during a concentric only bench press test with 25, 35,
and 45 kg as well as having one‐repetition maximum strength determined. Ball throwing velocity was evaluated with a
standard 3‐step running throw using a radar gun. The results of this study indicated significant associations between
ball velocity and time at maximum rate of force development (0, 66; p<0.05) and rate of force development at peak force
(0,56; p<0.05) only with 25kg load. The current research indicated that ball velocity was only median associated with
maximum rate of force development with light loads. A training regimen designed to improve ball‐throwing velocity in
elite male team handball players should emphasize bench press movement using light loads.
Key words: rate of force development, velocity, throwing, elite, team handball

Introduction
Team Handball (TH) consists of intense,
intermittent activities such as running, sprinting,
jumping as well as regular throwing, hitting,
blocking, and pushing between players. In
addition to technical and tactical skills, it has been
argued that one of the key skills necessary for
success in team handball is throwing performance
(Gorostiaga et al., 2006; Marques and González‐
Badillo, 2006). The technique of motion and the
fitness level can be improved by the training
process, others variables like strength and power
can determine throwing ball velocity (TBv).
Although muscular strength and power out put
have been reported to be associated with
throwing velocity, limited data have been
published with elite male handball players.

To our best knowledge, few studies have
examined the relationship between ball throwing
velocity in elite team handball players with
distinct strength metrics during muscle
contractions of the upper‐extremity in concentric
only bench press exercise (Gorostiaga et al., 2006;
Marques et al., 2007). Other investigations have
used isokinetic and isometric tests as indices of
strength, but single joint actions not specific
assessment strategies. In other words, using a
strength test with constant speed (i.e., isokinetic)
or a test where muscle action is not accompanied
by motion (i.e., isometric) may be less suitable for
athletics than a test that allows for variable speeds
throughout the range of motion (i.e., isotonic).
The bench press exercise was chosen because it
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seems most specific to overhand throwing
technique. Thus, using a multi‐joint exercise such
as the bench press test should be advantageous
when exploring for relationships with a dynamic
movement such as throwing.
None of the previous studies examined
throwing velocity with rate of force development
metrics such us force, power, velocity, and bar
displacement during a concentric only bench
press exercise in elite male handball players.
Therefore, the aim of this study was to determine
the relationships between throwing ball velocity
in elite team handball players and selected
measures of rate of force development like force,
power, velocity, and bar displacement during a
concentric only bench press exercise in elite male
handball
players.
Examination
of
these
relationships could be of great importance for the
optimal development of resistance training
programs
to
improve
handball‐throwing
performance in professional handball athletes.

Material and Methods
A group of 15 senior elite male team
handball players volunteered to participate in the
study (average age: 23, range 19‐28), which
included five Portuguese international players.
Participants were trained by the same coach and
for the same club team for the 2 years prior to
testing. The team has been rated as one of the best
Portuguese elite team handball squads. Before
commencing the study, players had a physical
examination by the team physician, and each was
cleared of any medical disorders that might limit
full participation in the investigation. Subjects
were required to sign an informed consent form
prior to the study that had been approved by the
Institutional Review Committee Board of the local
Committee for Medical Research Ethics and
current Portuguese law and regulations, and was
carried out according to the Helsinki Declaration.
The concentric only bench press exercise
was used to simultaneously assess dynamic
strength, power, and bar velocity and was
performed after the evaluation of throwing
velocity. Ball throwing velocity was evaluated on
an indoor team handball court by an over arm
throw using a 3‐step running throw, which is
commonly performed during team handball.
After a 10 minute standardized warm up the
subjects were instructed to throw a standard
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handball (mass 0,48 kg; circumference 58 cm) for
maximal velocity at a standard goal, using their
preferred throwing hand and own throwing
technique. Players were allowed only a 3‐step
preparatory run, and were required to release the
ball behind the 9 meter line. Each subject executed
five throws with two minutes rest between each
trial. An average of the four throws with the
greatest velocity were used for analysis. The
coaches supervised the entire throwing test to
ensure that the subjects were using an overarm
throwing technique regularly used in handball.
The ball throwing velocity (TBv) was determined
using a Doppler radar gun (Sports Radar 3300,
Sports Electronics Inc.), with ± 0.1 km/h accuracy
within a field of 10 degrees from the gun. The
Doppler radar gun was located behind a wooden
target (Ø: 60 centimetres) that had a hole in the
middle in order to permit optical contact with the
ball and the player. Intraclass correlation
coefficient (ICC) for TBv was ICC = 0.95 (95%
confidence interval: 0.91‐0.96) and a coefficient of
variation (CV) of 3.5%.
Dynamic strength was assessed with a 1‐
repetition concentric only maximal bench press
action (1RM) using a free‐weight barbell machine.
To begin the test and with the help of two
coaches, the bar was positioned on the athlete’s
chest, and was required to remain there for about
one second prior to initiating movement in an
effort to minimize any countermovement effect on
any of the performance indices. Next, each athlete
was instructed to perform a concentric only action
from this starting position, as quickly as possible,
until full extension of the elbows occurred. A trial
was discounted if there appeared to be an initial
countermovement of the bar, if the lower back
and/or buttocks were elevated off the bench, or if
an athlete failed to achieve full elbow extension.
The 1RM showed an ICC of 0.91 range (95%
interval: 0.72–0.98) and a CV of 6.7%. All
participants used an initial weight of 25 kg, which
was subsequently increased by increments of 10
or 5 kg for each trial until an individual could not
execute a successful lift. Subjects performed a
single repetition at each absolute load, with at
least 3 minutes of rest between all trials to reduce
the likelihood of fatigue. The last bearable load
was determined as the 1RM. Bar displacement,
average velocity (m•s‐1), and average power (W)
were recorded by attaching a rotary encoder to
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the end of the bar. The rotary encoder recorded
the position and direction of the bar to within an
accuracy of 0.0002 m. Customized software (JLML
I+D, Madrid, Spain) was used to calculate average
power for each repetition of the bench press
performed throughout the whole range of motion
as a most representative mechanical parameter
associated with a contraction cycle of arm
extensor muscles participating in the bench press
(i.e., elbow and shoulder joints) performance. The
reproducibility of the measurements has been
reported elsewher (Marques et al., 2007). For
testing, absolute (i.e., 25, 35, and 45 kg) rather
than relative 1RM loads were used, as reported
previously. Only the first three trials were taken
for analysis because power declined significantly
(p= 0.032) after the third trial (45 kg).
Statistical Analyses
Standard statistical methods were used
for the calculation of means and standard
deviations. The Pearson product moment
correlation coefficient was used to examine the
association between strength, power, and velocity
from the concentric only bench press exercise at
each absolute load with ball throwing velocity.
Statistical significance was accepted at p ≤0.05 for
all analysis.

Results
In brief, although previous studies
indicated that TBv was significant related with
distinct kinetics parameters during the concentric
bench press, the present research indicated that
TBv was only fairly associated with time at
maximum rate of force development (r = 0.66;
p<0.05) and rate of force development at peak
force (r = 0.56; p<0.05) with light loads (25 kg).

Discussion
The goal of this study was to determine
the relationships between throwing ball velocity
in elite team handball players and selected
measures of rate of force development like force,
power, velocity, and bar displacement during a
concentric only bench press exercise in elite male
handball players. To our best knowledge, this is
the first study attempting to examine this issue
with so much extent metrics measured with a
linear transducer that can better explain throwing
performance in a group of trained athleteʹs
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population as the one presented here. The major
findings of this study were the non significant
correlations between throwing velocity and
maximum rate of rate of force. Yet, the current
experiment could observe significant relationships
between time and force at rate of force
development but only with light external loads.
The rate of force development has been
one of the most important variables to explain
performance in activities where great acceleration
is required (Marques et al., 2007). This can be
related to the fact that the greater the RFD, the
higher will be the power and the force generated
against the same load (González‐Badillo and
Marques, 2010). In most sports activities, the RFD
is strongly related to performance abilities such as
sprinting, jumping, and throwing (Kawamori et
al., 2006), in which force production time is very
small (between the 100 and the 300 ms) (Murphy
and Wilson, 1996). For example, previous reports
examining the relationship between the rate of
force development and jump performance have
provided equivocal findings, with some studies
reporting a relationship (Matavuj et al., 2001), and
others failing to observe a positive association
(Young and Bilby, 1993), corroborating our
results.
Nevertheless, more noticeable was the
significant predictive value of the percentage of
peak force (r= 0.613) at RFDmax. . However, no
prior study has included this parameter for any
kind of analysis. Here, the TBv is higher when the
RFDmax is produced sooner and the peak force
produces superior values (i.e. the peak force
attained at RFDmax tends to be smaller). Therefore,
this result seems to indicate that if the percentage
of the maximum peak of force applied at the
moment of attaining the RFDmax is reduced, the
height of the jump tends to be greater.
Neither the velocity nor displacement at
RFDmax during the concentric bench press showed
significant a correlation with the throwing
performance, except for the velocity attained at
RFDmax using a 45 kg external load. This lack of
significant association is probably explained
“statistically”,
since
both
velocity
and
displacement attained at the RFDmax are very
small and very similar in all subjects. This lack of
changeability reduces the possibility of a high
correlation between them. What differentiate the
throwing velocity are the force produced and the
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time taken in reaching it, not the displacement or
the velocity by which the RFDmáx is reached
(Marques, 2007). To our knowledge, no prior
study has analysed these two variables as possible
predictors of vertical jump height in a sample of
resistance‐trained participants. Yet, time taken to
reach the RFDmax showed a significant correlation
(r=‐0.57) with throwing performance, but also
during 45 kg external load assessment. This
finding reinforces the importance of the rate of
force development in those sports in which is
necessary to reach high accelerations over very
short times, especially considering that, in
improving performance (i.e. throwing velocity ),
less time is available to apply force.
It is difficult to compare the results of
these studies because they differ markedly in a
number of factors, including the method of
measurement. Several studies used isometric
techniques whereas others employed isoinertial
methods (Abernethy et al., 1995). A problem with
the use of isometric tests is that they only
represent the strength at the specific angle
measured. Furthermore, in power sports domain

not many of the movements are isometric during
the throwing action, and therefore it is not natural
to test isometric strength in relationship with a
high‐velocity movement such as throwing
(Murphy and Wilson, 1996). In addition, although
electromyography data were not reported in the
current investigation, the past literature indicates
that different motor unit activation patterns exist
between dynamic and isometric muscle actions;
this could explain, in part, the poor correlations
found in the previous investigations between the
dynamic and isometric RFDmax (Marques et al.,
2007).
In brief, as predictors, it is important that
time, force at the rate of force development and
the percentage of peak force produced at the
maximum rate of force during the concentric
phase be maintained with high values of
correlation to throwing velocity. This research has
been concerned to measure the different variables
with instrumental rigor and a high degree of
reliability. Moreover, this study was conduced in
a population of trained sportsmen, thus
permitting greater confidence in the results.

Table 1
Linear relationships between throwing velocity and distinct measures
of bench press strength on linear transducer
r
Paramters
RFDmax. (N ∙ s‐1)
Time at RFDmax (ms)
Force at RFDmax (N)
Power at RFDmáx. (W)
Velocity at RFDmax (m.s‐1)
Displacement at RFDmax (m)
% of PF at RFDmax (N)
RFD at PF (N∙s‐1)

25 kg
Ns
r= 0.571*
Ns
Ns
Ns
Ns
r= 0.613*
Ns

p value
35 kg

45 kg

25 kg

35 kg

45 kg

p= 0.042

r= 0.56*

p= 0.043
p= 0.026

Significance: *p<0.05; Ns: non‐significant;
RFDMax : maximum rate of force development; PF: peak force
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Comparison of Physiological and Perceptual Responses Between
Continuous and Intermittent Cycling

by
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2

The present study tested the hypothesis that the exercise protocol (continuous vs. intermittent) would affect the
physiological response and the perception of effort during aquatic cycling. Each protocol was divided on four stages.
Heart rate, arterial blood pressure , blood lactate concentration, central and peripheral rate of perceived exertion were
collected in both protocols in aquatic cycling in 10 women (values are mean ± SD): age=32.8 ± 4.8 years; height=1.62 ±
0.05 cm; body mass=61.60 ± 5.19 kg; estimated body fat=27.13 ± 4.92%. Protocols were compared through two way
ANOVA with Scheffé’s post‐hoc test and the test of Mann‐ Whitney for rate of perceived exertion with α=0.05. No
systematic and consistent differences in heart rate, arterial blood pressure, double product and blood lactate
concentration were found between protocols. On the other hand, central rate of perceived exertion was significantly
higher at stage four during continuous protocol compared with intermittent protocol (p=0.01), while the peripheral rate
of perceived exertion presented higher values at stages three (p=0.02) and four (p=0.00) in the continuous protocol when
compared to the results found in intermittent protocol. These findings suggest that although the aquatic cycling induces
similar physiologic demands in both protocols, the rate of perceived exertion may vary according to the continuous vs.
intermittent nature of the exercise.
Key words: cycling, training method, hemodynamic responses, blood lactate, perceived exertion

Introduction
Physical training is often based on
continuous and/or intermittent methods with the
purpose of improving cardio respiratory ability
(Barbosa et al., 2009). Studies have compared the
effect of those methods on heart rate (HR)
(Arngrimsson et al., 2003; Roecker et al., 2002), on
arterial blood pressure (Mourot et al., 2004;
Crisafulli et al., 2004), on double product (Forjaz
et al., 1998), on blood lactate concentration
(Gharbi et al., 2008; Sabapathy et al., 2004) and on
the rate of perceived exertion (Borg and Kaijser,
2006; Lagally et al., 2002). However, these studies
have not addressed the aquatic cycling. Cycling is

one of the most popular means of exercise for
general and specific physical conditioning and
industry
experts
have
adapted
cycling
equipments to the aquatic environment. Due to
the nature of the equipment and of the aquatic
environment, this type of exercise stands out as
one more option for cardio respiratory training,
applicable to different age groups and fitness
levels by adapting the postures and grips the
indoor stationary cycling.
According to Barbosa et al. (2009), the use
of aquatic cycling has been reported in literature
for three decades, though its findings are still
contradictory. Alberton et al. (2010) suggest that
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HR in the water could be similar or higher as
compared with dry land measurements. Barbosa
et al. (2010) analyzed the relationships between
musical
cadence
and
the
physiological
adaptations to basic head‐out aquatic exercises.
The study included an intermittent and
progressive protocol and the main conclusion was
that increasing musical cadence imposed an
increase in the physiological response. In this
context, several physiologic indicators have been
used in order to quantify the intensity of exertion
in those environments, such as: the HR (Sheldahl
et al., 1984; Reilly et al., 2003); double product
(Veloso et al., 2003), and blood lactate
concentration (Di Masi et al., 2007).
In water, resting or exercising induces
different physiological responses when compared
with those achieved in dry‐land conditions
(Shono et al., 2000; Reilly et al., 2003) and are
affected by a number of factors, such as buoyancy,
thermal conductivity of the water (Choukroun
and Varene, 2000), hydrostatic pressure (Goodall
and Howatson, 2008), among others. Those
responses depend also on the body positioning in
the water (Millet et al., 2002; Egaña et al., 2006)
and on the type of exercise (Barbosa et al., 2009).
Kang et al. (2005) compared the responses
of HR between intermittent (130 ± 2 bpm) and
continuous cycling (127 ± 2 bpm) on land and did
not found significant differences between both
methods. The lactate concentration was
significantly higher at the end of the intermittent
exercise with a mean value above 7 mmol in the
final stage of the IP. Contrarily, Sabapathy et al.
(2004), have examined the physiological responses
in 10 subjects who performed a continuous and
intermittent land cycling protocol and observed
that the intermittent protocol was associated to
significantly lower values of HR. Unfortunately,
no previous study examined the type of
physiological response induce by continue or
intermittent exercise in water environment.
Therefore, the present study tested the hypothesis
that the type of exercise (continuous vs.
intermittent) would affect the physiological
response and the perception of effort during
aquatic cycling.

age=32.8 ± 4.8 years; height=1.62 ± 0.05 cm; body
mass=61.60 ± 5.19 kg; estimated body fat=27.13 ±
4.92%) of low risk, practicing regular classes of
cycling in water for at least six months,
participated in the study. All of them signed a
written informed consent to participate in the
study and in accordance with the norms for
accomplishment of research with humans
established in the Helsinki Declaration of 1975.
The experimental procedures were approved by
the Ethics Committee of the Institution.

Methods
Participants
Ten women (values are mean ± SD:
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Procedures
All volunteers attended the test venue on
three different days, with an interval of seven
days. The volunteers were instructed not to
workout exhaustively in the previous 24 hours; to
remain well hydrated in the previous 24 hours
and to avoid eating, smoking, drinking alcohol or
caffeine three hours before the tests, as well as to
sleep between 6 and 8 hours in the night before
testing.
The volunteers were submitted to an
anthropometrical evaluation, consisting of body
mass and height measures (Filizola, PL150‐
Personal Line, Brazil). The same technician
obtained all anthropometric measurements, on
the right side of the subject’s body. Skinfold
thickness was obtained with a Lange skinfold
caliper. A 3‐site skin fold equation for woman
was used to estimate body density (Jackson and
Pollock, 1978) and body fat was subsequently
calculated using the Siri equation (Heyward and
Stolarczyz, 2001).
To evaluate the cardio respiratory
capacity, the individuals were submitted to the
Balke protocol (1959) accomplished in a standard
cycloergometer (Monark 868E, Monark‐Crescent,
Varberg, Sweden) in a laboratory setting. It was
applied progressive loads of 25 W every two
minutes, until reaching the maximum voluntary
exhaustion (Balke, 1959). The volunteers were
submitted randomly to two cycling sessions using
the aquatic bicycle (Hydrorider, A1S1316, Italy).
Both sessions had a total duration of 31 minutes
with a seven days interval in between, and were
always carried out at the same time of the day.
The temperature of the pool water was between
30 and 31ºC and 50% of relative humidity. The
level of the immersion in water on sitting position
was at the xifoid process.
The exercise protocols had a total
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duration of 31 minutes and were divided in five
stages. Tables 1 and 2 present respectively the
characteristics of the Continuous Protocol (CP)
and the Intermittent Protocol (IP). The pedaling
cadence was controlled by a metronome (Yamaha,
QT‐1, USA). In position 1 the individuals
remained seated with hands on the base of the
bicycle handlebar; in position 2, standing up with
hands on the base of the bicycle handlebar; and in
position 3 and standing up with hands on the
extremity of the bicycle handlebar. Cycling
cadence was maintained throughout all testing
between 80 and 100 revolutions per minute.
Data Collection
Absolute
heart
rate
(HR)
was
continuously measured with a cardio‐frequency
meter (POLAR®, A1, Finland) device and Rate of
Perceived Exertion (RPE) was measured at the
end of each minute of exercise (Borg Scale‐CR10).
Blood pressure (BP) and blood Lactate
concentration (BLC) were also assessed in the last
minute of each stage. For BP, was measured by
auscultation technique, non‐invasive, using a
sphygmomanometer (Tycos®, CE0050, USA) and
professional stethoscope (Marshall®, Omrow
Health Care, USA). Capillary (finger) blood
sample were collected for BLC with an YSI 1500
analyzer (Yellowsprings, OH, USA). Prior to each
testing, the lactate analyzer was calibrated with

standard lactate solutions of 2.5, 5.0, 10.0 and 15.0
mmol∙L‐1 (Yellowsprings, OH, USA).
Statistical Analysis
After identification of data normality (Shapiro‐
Wilk test), a two‐way analysis of variance
(protocol type; stages) was applied to check the
effect in the variables selected. A post‐hoc Scheffé
test was used to describe possible differences
among the variables. The Mann‐Whitney test was
used to compare the rate of perceived exertion
between the respective stages. The study admitted
a significance level = 0.05. The data were
processed using Statistical software (Statsoft,
version 6.0, USA). Data s presented as mean ±
standard deviation (SD).

Results
The figure 1 shows the time on‐response
of HR response during both. Despite slightly
higher values for continuous stages, most of the
differences were not significant. In the second
stage, when the individuals were pedaling
standing up, the mean HR values during IP
(149.00 ± 9.00 bpm) were significantly lower when
compared with HR values during CP
(158.00 ± 10.00 bpm).

Table 1
Ccontinuous protocol (CP)
Stages

Time

Stage I

5

Stage II

7

Stage III

7

Stage IV

7

Stage V

5

intensity
% of HR
Between 75%
and 80% of
HRmax
Between 80%
and 85% of
HRmax
85% of HRmax
Up to 92% of
HRmax
55% of HRmax

position
Seated
position 1
Seated
Position 1
Standing
Position 2
Standing
Position 3
Seated

HRmax = maximal HR assessed in the Balke protocol; bpm = beats per minute

Journal of Human Kinetics Special Issue 2011,

http://www.johk.pl

62

Comparison of physiological and perceptual responses

Table 2
Iintermittent protocol (IP)
Stages
Time
Intensity %
Position
of HR
Stage I
5 minutes
Between 75%
Seated
and 80% of
Position 1
HRmax
Stage II
5 ʹ and 30”
Between 80%
Seated
and 85% of
Position 1
HRmax
Recovery
1ʹ and 30”
Up to 75% of
Seated
HRmax
Stage III
5ʹ and 30”
85% of
Standing
HRmax
Position 2
Recovery
1ʹ and 30”
Up to 75% of
Seated
HRmax
Stage IV
5ʹ and 30”
92% of the
Standing
HRmax
Position 3
Recovery
1ʹ and 30”
Up to 75% of
Seated
HRmax
Stage V
5 minutes
55% of HRmax
Seated
HRmax = maximal HR assessed in the Balke protocol; bpm = beats per minute

Significant differences were found in
systolic blood pressure when comparing the mean
values in Stage V of the IP (110.40  13.78 mmHg)
and of the CP (114.80  13.70 mmHg) with the
foregoing stages. The diastolic blood pressure, in
the IP, Stage I (74.60 ± 6.11mmHg) presented a
significant difference when compared with Stage
II (66.40 ± 7.22 mmHg), with Stage IV (65.60 ± 8.04
mmHg) and with Stage V (64.60 9.38 mmHg).
Additionally,
in
the
IP,
Stage
I
(97.46 7.54 mmHg) recorded mean values
significantly higher than Stage V (79.86  8.10
mmHg). Finally, in the CP, Stage I (94.13
10.86 mmHg) showed a significant difference
relatively to Stage V (82.93  13.88 mmHg) (P <
0.05). The double product showed few significant
differences between protocols. In the Intermittent
Protocol significantly higher values were recorded
in Stage I (19229.00 ± 3046.21 mmHg.bpm) when
compared with Stage IV (22702.00 ± 232.05
mmHg.bpm). In the Continuous Protocol mean
values observed in Stage I (18810.00 ± 2993.71

© Editorial Committee of Journal of Human Kinetics

mmHg.bpm) were statistically different from
those in Stage III (22408 ± 3687.04 mmHg.bpm)
and in Stage IV (24345 ± 4641.42 mmHg.bpm).
Figure 2 presents lactate concentration in the
blood. The mean values observed at Stage I was
significantly lower when compared with those at
Stage IV in the continuous and intermittent
protocols.
Figure 3 and 4 show the mean rate of
perceived exertion. In Figure 6 the differences for
Central (RPEC) were not significant, in Stage I
(CP:2.00 0.47; IP:2.00 0.96), Stage II(CP:3.00
0.78; IP:2.50 1.12),
Stage III(CP:3.00 1.05;
IP:2.251.36) and Stage V (CP:1.00 0.38;
IP:1.000.23) except in Stage IV where the CP
values (4.000.89) were higher than those found in
the IP (2.001.18). In Figure 7 the results for
Peripheral (RPEP) were significantly higher in
Stage III (4.00± 0.89) and Stage IV (5.50± 0.95) in
CP when compared to IP, respectively (3.00 0.96
vs. 4.00 1.33). However, the Stages I (CP:2.75 
0.77; IP:2.50 1.01), Stage II (CP:3.50 0.86; IP:2.75
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1.40) and S
Stage V (CP:11.00 0.38; IP
P:1.000.38), all
of them did
dn’t show sig
gnificant valu
ues.

Discussio
on
We have hypo
othesized th
hat the sho
ort
recovery peeriods in th
he IP combiined with tthe
aquatic
eenvironmentt
would
lower
tthe
physiologiccal stress and
d perception of effort wh
hen
compared with CP. The findings in th
his
investigatio
on demonstrated that he
eart rate (HR
R),
double pro
oduct (DP) and rate pf perceiv
ved
exertion (RP
PE) were higher during
g the CP wh
hen
compared w
with IP. How
wever, blood pressure (bo
oth
systolic and
d diastolic) and blood lacctate presentted
higher meaan values in
n IP when compared wiith
CP. The R
RPE tended
d to be higher
h
at tthe
continuous protocol.
by
Thee HR respon
nse can be influenced b
m,
factors as: mechanical distension of
o the atrium
entailed by
y venous return,
r
body
y temperatu
ure
(Gastinger et al., 2010) blood acid
dosis (Knigh
ht‐
Maloney eet al., 2002;; Di Masi et al., 20007),

nvironmenta
al conditions
ns (Arngrimsson et al.,,
en
20
003) and the training metthod (Morriss et al., 2003;;
Sa
abapathy et al., 2004). K
Kang et al. (2005)
(
when
n
co
omparing HR
H responsees between intermittentt
(1
130  2bpm)) and contin
nuous training methodss
(1
127 2bpm) did
d not foun
nd significant differencess
beetween the two methodss. The valuess by Kang ett
all (2005) werre lower thaan those in the presentt
sttudy which can
c be explaiined by the lower
l
elativee
ex
xercise inten
nsity (around
d 68% of HR
Rmax). Sincee
we
w have found differencees in the HR between thee
tw
wo exercise protocols,
p
wee may sugge
est that thesee
diifferences are
e more likelyy to occur th
he higher thee
ex
xercise inten
nsity involveed. The fin
ndings from
m
Kruel
K
et al. (20
009) seem to confirm thiss hypothesis..
Th
hey analyzed
d the oxygen
en uptake, th
he heart ratee
an
nd the energy expend
diture of yo
oung activee
women
w
in two
t
routinees of wate
er exercises::
co
ontinuous and
a
intervaal. For alll variables,,
significantly higher valu
ues were fo
ound in thee
in
nterval routin
ne.

Fiigure 1
r
in th
he intermitten t (IP) vs. conttinuous (CP). Values are m
means ± SD.
HR Time response
S Stage I; SIII= Stage II; SIIII= Stage III; SIV= Stage IV; SV= Stage V
SI=
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INTERM ITTENT
CONTIN UOUS
10

M l)
BLC ((mMol)

8



6
4
2
0
SI

S II

S III

S IV

SV

Fiigure 2
g each stage in
n the continuous (CP) and intermittent (IP) protocolss.
Blood Lactatee (BLC) during
Values are
a means ± S
SD. * S I versu
us S IV in IP (P
( <0.05)

Fiigure 3
d exertion (RP
PEC) at the en
nd of each stag
ge in the continnuous (CP)
Central ratte of perceived
and interrmittent (IP) protocols.
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Fiigure 4
r of perceiveed exertion (P
PPEC) at the end
e of each staage in the conttinuous (CP)
Peripheral rate
P <0.05).
and inteermittent (IP)) protocols. *S
Significant diff
fference betweeen protocols (P

In
n the presen
nt study the values of tthe
BP, both sysstolic and diaastolic, tende
ed to be high
her
in IP, which
h could be ju
ustified by th
he fact that tthe
individuals remained in the se
eated positi on
during one and a half minute (corrresponding to
ng
the recovery
y period), th
hereby proba
ably increasin
the hydrosstatic pressu
ure and stimulating tthe
outlying b
baroreceptorrs, which could haave
facilitated tthe blood diistribution and
a
stimulatted
the venous return. Otheer than the position
p
of tthe
body, also buoyancy phenomena
a could haave
influenced our results (Sherman and Michau
ud,
1997). Thesee findings co
onfirm the sttudy by Morrris
et al. (2003), who suggeested that the
e intensity an
nd
the duratio
on of the work
w
series as
a well as tthe
recovery peeriod can in
nfluence the
e physiologiccal
responses and that th
hese respon
nses could be
associated w
with the bloo
od volume att the end of tthe
diastole, wh
hich would induce an increase
i
in tthe
ng
systolic vo
olume thro
ough the Frank‐Starlin
mechanism. In addition
n, as the BP
P and HR aare
directly inflluenced by th
he intensity of the exerciise
and also du
uring the reccovery period
d it is possib
ble
that the laatter is resp
ponsible for the differeent
effects obseerved in the DP in the present stud
dy.
Ferreira et al. (2005), when comp
paring the D
DP
between dry‐land and
d aquatic cycling,
c
foun
nd
values betw
ween 17528.60 1054.20
0 mmHg.bp
pm
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an
nd 32697.00
 4136.26 m
mmHg.bpm, respectively
y
in
n the two ex
xercise condiitions. Those
e values aree
hiigher than th
he ones in th
he present in
nvestigation..
However,
H
whe
ereas we havve studied ad
dult women,,
th
he sample of the previou
us study com
mprised men..
Th
herefore, we
w may su
uggest that factors ass
metabolic
m
and
d hormonal levels, blood flow, and
d
heeart size (Carter
(
et al., 2003) and body
y
co
omposition might
m
have in
nterfered in the differentt
reesponses betw
ween studiess.
Kang et al. (20055) reported a significantt
in
ncrease in blo
ood lactate aat the end of the IP when
n
ding 7mmoll/l at the end
co
ompared witth CP, exceed
d
off the exercise
e protocol. W
We have failed to observee
significant diffferences, thoough our me
ean values att
th
he end of sta
age IV (the p
period of pea
ak intensity))
were
w
also clo
ose to 7mm
mol/l in both
h protocols..
Ed
dwards et al.
a (1973) fou
und values of
o 1.78 0.555
an
nd 5.77 0.97
7mmol/l; 1.335 0.37 and
d 4.07 0.855
mmol/l,
m
resp
pectively du
uring the IP
I and CP
P
prrotocols at 25%
2
and 50%
% of peak exertion
e
in a
drry‐land cycle
e ergometerr. Such value
es are lowerr
th
han those obsserved in thee present stu
udy. It can bee
in
nferred tha
at differentt variation
ns in thee
co
oncentration of this mettabolite may
y be related
d
with
w
the type
e of fiber, w
with the conccentration off
th
he protein trransporters of the mem
mbrane, with
h
th
he blood flow
w and its diistribution and
a
with thee
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thermo conditions (Evertsen et al., 2001; Billat et
al., 2003; Kang et al., 2005). Although not
measured in our study, such factors could have
also influenced our subjects and help to explain
the differences between our study and that by
Edwards et al. (1973).
The RPE was also addressed in the study
by Kang et al. (2005), and it showed mean values
of 8.90 0.50 in the IP and of 9.70 0.70 in CP.
These values are higher than the findings of the
present study,
though they did not found
significant differences between IP and CP.
Contrarily we have found significant differences
in RPE between the two protocols in stages III and
IV. Several factors are believed to influence RPE,
such as the exercise intensity (Alberton et al.,
2010), the water depth (Di Masi et al., 2007), the
water temperature (Fujishima and Shimizu, 2003)
and the stimulation of peripheral receptors
located on members and trunk (Robertson et al.,
1995). The lower mean value for RPE in our study
compared with those found in dry‐land cycling.

Kang et al. (2005) confirm that the aquatic
environment may serve as a lowering factor in the
perception of effort. Moreover, the fact that we
found lower RPE mean values in IP when
compared with CP suggests that the aquatic
environment may enhance the effects of the short
recovery periods involved in the intermittent
exercise. It is important to consider on future
studies could be performed with other
population, other intensities, different aquatic
environment such as temperature and depth.
The hypothesis that the intermittent
protocol would offer a lower physiologic demand
was only partially confirmed. HR, DP and RPE
were higher during the CP. Plus, SBP and DBP
and BLC presented higher mean values in the IP.
The IP induced a more pronounced HR reduction
and BLC during the recovery periods, suggesting
a faster recovery in the intermittent protocol.
More studies are recommended with other
possible
exercise
intensity
and
volume
combinations, as well as with different gender
and conditioning level of the individuals.
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Aerobic and Anaerobic Energy During Resistance Exercise
at 80% 1RM

by
Jefferson M. Vianna , Jorge P. Lima , Francisco J. Saavedra2, 3, Victor M. Reis2, 3
1

1

The present study investigated the accumulated oxygen deficit (AOD) method to assess the energy cost in
resistance exercises (RE). The aim of the study was to evaluate the aerobic and anaerobic energy release during
resistance exercises performed at 80% 1‐RM in four exercises (half squat, bench press, triceps extension and lat pull
down), as well as the accuracy of its estimation. The sample comprised 14 men (age = 26.6 ± 4.9 years; height = 177.7 ±
0.1 cm; body mass = 79.0 ± 11.1 kg; and estimated fat mass = 10.5 ± 4.6%). Test and re‐test of 1‐RM were applied to
every exercise. Low‐intensity bouts at 12, 16, 20, and 24% of 1‐RM were conducted. Energy cost was then extrapolated
to 80% 1‐RM exhaustive bout and relative energy contribution were assessed. By utilizing the AOD method, the
results of the present study suggest a great proportion of anaerobic metabolism during exercise at 80% 1‐RM in the
four RE that were analyzed: Bench press = 77,66±6,95%; Half squat = 87,44±6,45%; Triceps extension = 63,91±9,22%;
Lat pull down = 71,99±13,73 %. The results of the present study suggest that AOD during resistance exercises
presents a pattern that does not match the reports in the literature for other types of exercise. The accuracy of the total
energy demand estimation at 80% 1‐RM was acceptable in the Bench press, in the Triceps extension and in the Lat pull
down, but no in the Half squat. More studies are warranted to investigate the validity of this method in resistance
exercise.
Key words: resistance exercise; oxygen uptake, accumulated oxygen deficit

Introduction
Physical exercise is recognized as an
important tool in increasing the energetic cost
(EC). Its contribution to negative energy balance
can lead to the reduction of body fat mass. The EC
in cyclical exercises such as treadmill and cyclo
ergometer at different intensities has been focus of
several studies, allowing the establishment of the
relationship between the work produced and EC
(Pollock, 1974). However, the effects of resistance
exercise (RE) on the EC are a phenomenon that
needs to be further investigated. Some authors
reported that the highest values of EC occur
during the exercise session (Phillips and Ziuraitis,
2003, 2004), while others suggest that the EC
could come from the post‐exercise increase in
metabolic rate induced by the RE, with long‐term

impact on body composition (Schuenke et al.,
2002).
The estimation of EC has been done by
measuring oxygen uptake (VO2). However, Scott
(2006) mentions that the participation of anaerobic
metabolism could represent up to 39% of EC in
the RE, which could be estimated by adding the

blood lactate accumulation converted to O2
equivalents. Scott (2006) reports that measures of
individual blood lactate in the RE have the
potential to indicate a greater EC compared with
the sole measure of VO2. The author suggests that
the EC estimate of bodybuilders is improved with
the inclusion of lactate‐estimated anaerobic EC.
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According to Robergs et al. (2007), the method of
estimating the EC in the RE, including EPOC is
flawed. Despite evidence of its inaccuracy,
researchers continue to use this method (Hunter
et al., 2003). Furthermore, some studies simply
ignore the contribution of mitochondrial energy
systems (Hunter et al., 2003; Phillips and Ziuraitis,
2003, 2004), what can be viewed as an
inappropriate and inconsistent method for
quantifying the EC of RE.
The accumulated oxygen deficit method
(AOD) is a way to estimate anaerobic contribution
to overall EC. The concept proposed by
Hermanssen and Medbø (1984), has been
considered the most accepted measure of
anaerobic capacity (Bangsbo, 1998). Despite the
criticisms about its validity, the AOD has been
used to estimate the contribution of aerobic and
anaerobic energy production at different
intensities (Medbo and Tabata, 1989; Spencer and
Gastin, 2001). At supra maximal exercise the VO2
is estimated by linear extrapolation (Short and
Sedlock, 1997). The AOD is the difference between
the estimated enery demand and the cumulative
oxygen uptake (VO2Ac) during that same bout of
exercise (Medbo et al., 1988). The VO2Ac
represents the portion of energy obtained by
aerobic processes and the AOD represents the
portion of energy obtained by anaerobic
processes. Thus, their sum equals the total VO2
during exercise. The aim of this study was to
evaluate the proportion of aerobic and anaerobic
energy during resistance exercises at 80% 1‐RM,
as estimated by the AOD method, as well as to
assess to accuracy of supra maximal energy cost
prediction.

Material and Methods
Participants
The sample comprised 14 male volunteers
(26.6 ± 5.4 years, 1.77 ± 0.07 m height, 80.1 ± 11.4
kg body mass and 11.2 ± 4.6 % body fat), engaged
in RE training for at least for one year with three
or more training sessions per week. Individuals
who used medication which could influence the
response to stress were not included in the
sample. Before the measurements, the volunteers
received the explanations about the procedures,
as well as the risks and discomforts involved in
the study and were invited to sign the consent
form in accordance with the Helsinki Declaration.
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ParQ‐test and an interview to determine the
inclusion or exclusion in the study were applied.
The volunteers were oriented to avoid resistance
exercises during the period of the experiment.
They were authorized to carry out only low
intensity and short duration (up to 20 min)
aerobic training and calisthenics (eg, abdominals,
stretching).
Protocol
All the procedures were performed on the
same gym and distributed in 6 sessions. All
exercises sessions were held in the afternoon, at a
temperature between 20‐25C° and 35‐45% relative
air humidity.
First Session ‐ height, weight and several
skin folds (chest, mid‐axillary, tricipital, sub
scapular, abdominal, supra iliac, and thigh) were
measured.
A
calibrated
caliper
(Lange,
Cambridge Scientific Industries, USA) and a
digital medical scale with stadiometer (Seca 763,
USA) were used for all measurements. Body
density was calculated using the equation
proposed by Jackson and Pollock (1978) and Siriʹs
equation was used to convert the density in
percentage of fat mass. All measurements were
performed in the morning.
Second session ‐ held on the same day in
the afternoon, the volunteers performed the 1‐RM
test for the exercises: bench press, half squat, lat
pull down and triceps extension.
Third Session ‐ after an interval of 72
hours, the 1‐RM retest was performed. The
greatest 1‐RM with less than 5% difference was
considered as the true 1‐RM.
Fourth Session ‐ occurred 48 hours after
the 1‐RM retest. In this session VO2 was measured
for every exercise at 12 and 20% of 1‐RM.
Fifth Session – occurred after a recovery
period of 48 hours. In this session, VO2 was
measured for every exercise at 16 and 24% of 1‐
RM.
Sixth Session – performed after one week.
In this session, the subject performed the four
exercises at 80% 1‐RM.
The exercise bouts at 12, 16, 20 and 24% of
1‐RM, lasted three to five minutes (until voluntary
exhaustion or inability to maintain the pace).
After each bout of exercise, it was included a
recovery period enough for the VO2 to low until a
value not more than 2 ml.kg‐1.min‐1 above the
individual resting values. The resting vale was
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taken as the lower VO2 averaged over one 1min
during a 10min rest performed prior to the first
but of exercise. No warm‐up was performed
before any of the low intensity bouts of exercise.
The cadence of 20 repetitions per minute (1.5 s on
the eccentric and 1.5 seconds on the concentric
phase) was paced by an electronic metronome
sound (Short and Sedlock, 1997; Haltom et al.,
1999). In the exercise bout at 80% of 1‐RM, the
subjects kept the same cadence, but performed the
maximum number of repetitions ultimo
exhaustion. During exercise (including recovery
periods) expired gas was measured continuously
by open air circuit analyzer (COSMED K4b2,
Rome, Italy). The expired gases were measured
breath‐by‐breath and a 10 s averaging procedure
was used for subsequent analysis. The gas
analyzer
was
calibrated
following
the
manufacturerʹs specifications before each testing
session.
Statistics
The mean values of VO2 at the last minute of
exercise at 12, 16, 20 and 24 % 1‐RM were plotted
to predict 80% 1‐RM VO2. The AOD was
calculated as the difference between the estimated
O2 demand of 80% 1‐RM and the accumulated
(VO2Ac) during that same bout of exercise

(Medbo et al., 1988). The robustness of the
regressions was calculated by the standard error
of regression (Sy.x). The relative contribution of
anaerobic and aerobic energy during exercise was
determined by the AOD and the VO2Ac,
respectively. Shapiro‐Wilk test confirmed the
normality of data distribution. For comparison of
values between exercises, ANOVA was applied
followed by Tukey post‐hoc test when significant
(p<0,05) differences were found. The analysis was
performed with the Statistical Package for Social
Sciences (SPSS Science, Chicago, USA) version
16.0 and analyzes the graphical Sigma Plot
version 10.0. Data are presented as mean and
standard deviation.

Results
The linearity of the VO2 regression lines was
lower in half squat (r = 0.90) and higher in the
remaining three modes of exercise (R> 0.92). In
parallel, the standard error of regression was
higher in half squat (5.24 ml.kg‐1.min‐1), compared
with the remaining three exercises (from 1.15 to
1.32 ml.kg‐1.min‐1). Predicted energy cost and
VO2Ac, as well as anaerobic contribution were
greater in half squat (Table 1).

Table 1
Energy cost measurements and estimations at 80% 1‐RM for bench press,
half squat, triceps extension and lat pull down
Exercises (mean ± sd)
Bench press Half squat
Triceps ext.
Lat pull down
29,15±7,28
91,00±12,84*
25,88±7,24
28,28±8,31
Predicted VO2 (ml.kg‐.1min‐1)
4,13±2,26
18,97±6,05*
4,50±2,29
6,36±6,03
SEP (ml.kg‐.1min‐1)
13,63±7,46
62,67±19,98*
14,85±7,55
15,02±6,94
IC95 (ml.kg‐.1min‐1)
‐.1
23,32±5,82
72,80±10,27*
20,70±5,85
22,63±6,64
TED (ml.kg )
VO2Ac (ml.kg‐.1)
5,16±1,82
9,18±5,26*
6,88±0,84
5,63±1,99
Aerobic (%)
†
22,34±6,95
12,56±6,45*
36,09±9,22
28,01±13,73
Anaerobic (%)
77,66±6,95†
87,44±6,45*
63,91±9,22
71,99±13,73
AOD (ml.kg‐.1)
18,42±5,12
63,22±9,63*
13,39±5,78
16,65±7,36
TED= total energy cost; SEP= standard error of prediction; IC95= confidence interval;
VO2Ac= cumulative oxygen uptake; AOD= accumulated O2 deficit.
* = Significant difference (p <0.05) for all exercises,
† = significant diﬀerence (p <0.05) between bench press and lat pull down.
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Discussion
This study utilized AOD to evaluate the
proportion of anaerobic and aerobic energy
during resistance exercises at 80% 1‐RM. The
main results of this study were that in every
exercise that was studied the contribution of
anaerobic energy is predominant. The most
anaerobic is the half squat.
In this study, we chose to use exercise
intensities of 12 to 24% to extrapolate the VO2
measurements to a 80% 1‐RM bout. The values of
total energy demand (TED) in half squat were
72.80 ± 10.27 ml.kg‐1, presenting a high SEP 19.97 ±
6.05 ml which can be related to the subjects’ lack
of technical mastering of this exercise. The
average values of TED for a 400m race (lasting
less than one minute) described by Reis et al.
(2004), corresponded to 174.0 ± 6.5 ml.kg‐1 with an
absolute error (SEP) of 3.41 ± 1.85 ml.kg‐1. In the
present study, the SEP was lower in upper limb
exercises and with mean values that were near the
levels reported by Reis et al. (2004). Compared to
the values reported for running (Russel et al.,
2002; Reis et al., 2004), the values obtained in the
half squat in the present study are much larger.
Again, the lack of technical ability of the subjects
could partially explain these results. Moreover,
RE are likely to be more sensible to deviations
from linearity in terms of the VO2 adjustment to
exercise.
Other than the TED, we were mainly interested in
quantifying the contribution of each of the
pathways of ATP resynthesis. The procedure that
combines the AOD estimation and direct
measurement of VO2 allows estimating the
contribution of aerobic and anaerobic metabolism.
The results obtained in our study for half squat
are smaller than that in the study by Schneider
and
Weber (2002) in which male cyclists
presented an AOD of 46.3 ml.kg‐1. Other studies
have identified values higher than those obtained
in our study, both in athletes and sedentary (Scott
et al., 1991). However the comparison of the
values of AOD in RE with other types of exercise
(eg: running) does not reveal much on the
bioenergetics of RE. Besides the difference in
muscle mass involved, differences in muscle
contraction scheme difficult a direct comparison.
Thus, more studies of AOD in the RE are
necessary to better understand the profile of
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anaerobic energy production.
Regarding the influence of muscle mass in
AOD Medbø and Burgers (1990) demonstrated
that, when using the slope of 10% during
treadmill running, the value of the AOD shall be
24% higher compared with the slope of 5 %.
Similarly, Olesen (1992) found that the AOD of
athletes was about 88 to 92% higher during
treadmill running with the slope between 15 and
20% compared to that with a slope of 1%. Thus,
one would expect in the RE, a higher AOD in the
exercises with greater muscle mass involved. It
should be noted, that at Lat pull down the AOD
values were lower than that in the triceps
extension exercise, which seems to contradict this
principle. This could be explained by the
involvement of muscle groups in stabilizing the
body motion during elbow extension. Such
inference can be partially sustained by the study
of Ogita et al. (1996) who fragmented the
movement of the front crawl and found a smaller
AOD for the upper limbs compared to the lower
limbs. The authors claim that the involvement of
stabilizing muscles of the trunk is an influential
factor on the AOD.
In the present study, the results suggest
that AOD in the ER is influenced by the increased
participation of muscle mass (half squat), but also
by the influence of exercise being carried out with
free weights (bench press) compared to exercise
performed with the use of pulleys (triceps and lat
pull down). The proportion of muscle mass
involved in exercise is a limiting factor on the
number of repetition in the ER. Usually, the larger
muscle groups have a higher absolute rate of
ATP‐CP then the smaller groups, solely by the
size of the muscle, which may promote greater
energy immediately postponing the use of muscle
glycogen as an energy source, providing a more
lactate production late. Also, multi‐joint exercises
could delay fatigue by promoting switching
between motor units, especially among other
muscle groups, this fact could slow momentary
concentric muscular failure (Hoeger et al., 1990).
Another factor that could influence the number of
repetitions would be the length‐tension curve.
Indeed, according to Rassier et al. (1999), there is
an optimum length where the muscle fiber
(specifically the sarcomere) to produce its
maximum power. Therefore the number of cross
bridges could, in theory, influence the outcome of
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the AOD in RE.
In our study, the relative aerobic and
anaerobic contribution to 80% of 1‐RM energy
cost, indicate a peculiar pattern in the high pulley
high and in triceps extension exercises. In fact we
did observe that there was a high aerobic
contribution in proportion to body mass
requested for the triceps, which could indicate a
greater role of stabilizer and synergistic muscles
(Ogita et al., 1996). As for the lat pull down
exercise the higher percentage would be
explained by the “aerobic” lifting of the arms
above the shoulder line. In the study by Scott et al.
(2009), the relationship between aerobic and
anaerobic contribution in the bench in eight
subjects performing at 50% 1‐RM, indicates a
relationship between the number of repetitions (7,
14 and 21) and the anaerobic contribution. It was
found an anaerobic contribution of 73.1 ± 14.4% (7
reps), 74.4 ± 9.9% (14 reps) and 71.5 ± 10.8 (21
reps). In our study, we observed that the values
for the bench press exercise at 80% 1‐RM
presented mean values that were inversely

proportional to the anaerobic component.
Worthwhile to note that the anaerobic fraction
calculated in our study (for 8‐11 repetitions) was
higher than that observed by Scott et al. (2009)
with 21 repetitions. The difference in the load that
was used (80% vs 50%), as well as different
methods of estimating anaerobic metabolism may
explain the discrepancies.
By utilizing the AOD method, the results
of the present study suggest a great proportion of
anaerobic metabolism during exercise at 80% 1‐
RM in the four RE that were analyzed: Bench
press = 77,66±6,95%; Half squat = 87,44±6,45%;
Triceps extension = 63,91±9,22%; Lat pull down =
71,99±13,73 %. The results of the present study
suggest that AOD during resistance exercises
presents a pattern that does not match the reports
in the literature for other types of exercise. The
accuracy of the total energy demand estimation at
80% 1‐RM was acceptable in the Bench press, in
the Triceps extension and in the Lat pull down,
but no in the Half squat. More studies are
warranted to investigate the validity of this
method in resistance exercise.
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Can Energy Cost During Low‐Intensity Resistance Exercise
be Predicted by the OMNI‐RES Scale?

by
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The aim of the present study was to assess the precision of the OMNI‐RES scale to predict energy cost (EC) at
low intensity in four resistance exercises (RE). 17 male recreational body builders (age = 26.6 ± 4.9 years; height =
177.7 ± 0.1 cm; body weight = 79.0 ± 11.1 kg and percent body fat = 10.5 ± 4.6%) served as subjects. Initially tests to
determine 1RM for four resistance exercises (bench press, half squat, lat pull down and triceps extension) were
administered. Subjects also performed resistance exercise at 12, 16, 20, and 24% of 1RM at a rate of 40 bpm until
volitional exhaustion. Oxygen uptake (VO2) and rate of perceived exertion (RPE) using the OMNI‐RES were obtained
during and after all RE. EC was calculated using VO2 and the caloric values of VO2 for non‐protein RER. Regression
analyses were performed for every RE, using EC as the dependent and RPE as the predictor variable. The triceps
extension, lat pull down and bench press, RPE correlated strongly with EC (R > 0.97) and predicted EC with a error of
less than 0.2 kcal.min‐1. In conclusion, RPE using the OMNI‐RES scale can be considered as an accurate indicator of
EC in the bench press, lat pull down and triceps extension performed by recreational bodybuilders, provided lower
intensities are used (up to 24% of 1‐RM) and provided each set of exercise is performed for the maximal sustainable
duration. It would be interesting in future studies to consider having the subjects exercise at low intensities for longer
durations than those in the present study.
Key words: resistance exercise; oxygen uptake, rate of perceived exertion

Introduction
The Borg 15 category scale and the Borg
CR‐10 scale have been employed to rate exertional
perceptions in resistance exercise paradigms.
However, both of these instruments were
developed for use during aerobic exercise and
their functional utility was predicated, in part, by
on the relation between exertional perceptions
and physiological variables such as heart rate and
pulmonary ventilation. In an effort to overcome
potential limitations of these exertional scaling
metrics the OMNI Resistance Exercise Scale
(OMNI‐RES) was developed specifically for use

during resistance exercise. The OMNI‐RES
employs a unique pictorial format positioned
along a fairly narrow numerical response range of
0‐10. Verbal descriptors of exertion coincide with
numerical categories and mode specific pictures.
The first validation investigation of the
OMNI‐RES was conducted on a cohort of adult
recreationally active weight trainers by Robertson
et al. (2003). Subjects performed 3 sets (4, 8 and 12
repetitions) of biceps curl and knee extension
exercise at 65% of 1 RM in a counterbalanced
order. Each set consisted of 4, 8 and 12 repetitions,
presented
in
a
counterbalanced
order.
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Correlations between weight lifted and RPE
ranged from 0,79 to 0,91. These findings provided
concurrent validation of the OMNI‐RES scale for
measuring RPE for the active muscle and for the
overall body in young recreationally trained male
and female weight lifters while performing both
upper‐ and lower‐body resistance exercises.
However, there is a lack of studies to investigate
its applicability in light loads. Moreover, it has
been shown the potential of RPE to predict peak
VO2, in cycle ergometer maximal exercise
(Lambrick et al., 2009). Therefore, since low‐
intensity resistance exercise loads may be used to
promote energy cost (EC) during physical
activities and since EC may be indirectly
measured by steady‐state VO2, it is interesting to
understand how much RPE may serve to quantify
EC during RE at those intensities.
Thus, the aim of the present study was to
assess the precision of the OMNI‐RES scale to
predict energy cost (EC) at low intensity in four
resistance exercises (RE).

Materials and Methods
Subjects
The sample consisted of 17 male
recreational bodybuilders who had been training
up to 3 times a week for a year (age = 26.6 ± 4.9
years, height = 177.7 ± 0.1 cm, weight = 79.0 ± 11.1
kg and estimated fat mass = 10.5 ± 4.6%),
Individuals who used medication which can
influence the response to exercise were not
included in the sample.
Protocol
Initially all of the procedures involved in
the study were presented to the volunteers,
addressing possible risks and benefits. The
subjects were instructed to: (a) refrain from
exercise 48 h before each experimental trial; (b)
refrain from eating for 4 h before each
experimental trial; and (c) refrain from the use
alcohol, caffeine, or nicotine for at least 24 h
before testing. During testing, each subject wore a
short‐sleeve shirt, shorts, and exercise shoes
(Robertson et al., 2003). After signing a
declaration of consent to participate in the study,
prepared in accordance with the Helsinki
Declaration, the subjects completed two
questionnaires (PARQ and medical history) to
determine their inclusion into the investigation.
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During the first experimental session
conducted in the morning, height, weight and
skin folds were measured and body density and
percentage of estimated body fat were calculated.
The estimation of fat mass was performed
through the sum of skin folds, which were
measured by an experienced person with the use
of a caliper (Lange, Cambridge Scientific
Industries, Cambridge, USA). As such, the
following anatomical skin folds were taken: chest;
mid‐axillary, tricipital, sub scapular, abdominal,
supra iliac, and thigh. The anatomical sites were
measured according Jackson and Pollock (1978).
The formulas used for body density were those
proposed by Jackson and Pollock (1978) and Siri
(1961) formula was used to convert the body
density percent fat.
In this same session the subjects were
familiarized with the OMNI‐RES. In the second
session, held on the same day (the afternoon), the
subjects performed a 1RM test in four selected
exercises (bench press, half squat, lat pull down.
Exercises were performed using standard
equipment (Panatta Sport, Italy). The highest load
achieved (test and retest) provided the values
differed by less than 5% was considered the 1RM
(Table 1). Intraclass correlation coefficients ranged
between 0.89 and 0.94 in every exercise. Maximal
values were 96,7 ± 21,7 kg in the bench press,
126,8 ± 32,3 kg in the half squat, 48,1 ± 9,9 kg in
the triceps extension and it was 94,7 ± 13,3 kg in
the Lat pull down. A brief description of the
exercises follows.
Bench press
The subject lay supine on a flat bench
with the back fully supported and feet on the
ground. Execution was initiated with the elbow in
full extension (eccentric phase) a followed the
concentric phase of movement, which started with
elbows at an angle of 90° flexion.
Half squat
The subject stood erect in front of the bar
support with the weight supported at shoulder
height, with the feet parallel at the same distance
away from the shoulders and the hands fixed on
the bar. The subject performed a flexion of the
lower limbs simultaneously to reach a 90° angle
between the thigh and the ground and returned to
start position.
Triceps Extension
The subject stood with one foot in front of
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the pulley d
device and maintained
m
th
he width of tthe
shoulders; he held the
t
bar wiith hands in
pronation aand perform
med the mov
vement of fu
ull
extension of the elbow, with subseq
quent return to
starting possition.
Lat pull dow
wn
Thee subject saat in front of the pullley
device with
h his feet flatt on the floor and held tthe
bar with th
he hands in pronation; he
h then pullled
the bar tow
ward the tru
unk and wh
hen the han
nds
were at the level of his ears he returrned the bar to
the starting position.
Fortty‐eight hou
urs later, a fourth sessi on
ng
was held to
o measure th
he energy cost (EC) durin
the protoco
ol in the fou
ur (4) exerccises with tw
wo
loads. Forty
y‐eight hourrs later, EC was
w measurred
during exerrcise using two
t
addition
nal loads (fiffth
session). Lo
oad assignm
ment for each
h session w
was
random. In
n every exerrcise, the fo
our loads th
hat
were used w
were 12%, 166%, 20% and
d 24% of 1‐RM
M.
All sessionss were perfo
ormed for each
e
subject at
the same tiime of day (afternoon). Temperatu
ure
was 20‐25 degrees C and
a
relative humidity 335‐
45%. Durin
ng the implem
mentation off the protoco
ols
ng
with RE, thee subjects did
d not perform
m any trainin
involving tthe same muscle
m
grou
ups that weere
tested. How
wever, they were allowe
ed to perforrm
aerobic traaining of low
l
intensitty and sho
ort
duration ((up to 20m
min) and other
o
generral
exercises w
without loaads for diffferent musccle
groups (eg
g, abdominaals, stretchin
ng). Figure 1
displays thee sequence of
o procedure
es in the maain
experimentaal sessions (44th and 5th).
Each exerciise at each load
l
was pe
erformed un
ntil
exhaustion, as indicated by the
e inability to
maintain caadence for 2 reps (dura
ation typicallly

anged between three tto five min
nutes) with
h
ra
in
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r
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o
reeturn to re
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ues. Resting
g VO2 wass
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m
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n
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nd the pace of execution
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nd Sedlock, 1997;
1
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d gases we
5m
min of recovery expired
ere analyzed
d
with
w
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K4
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manufacturer
m
. VO2 wass measured breath‐by‐‐
brreath and then smoothed
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he EC for each
e
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av
verage VO2 in the last minute of exercise
e
and
d
asssuming an energy
e
equivvalent of 5 ca
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prrovided a ste
eady‐state occcurred in VO
V 2 (as given
n
‐1
‐1
by
y a variation
n of less than
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n
co
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m
Imm
mediately afte
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very exercise
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umber on the OMNI‐RESS (Robertson
n et al., 2003))
which
w
represented the eexertion of the muscless
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d
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a
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After sphericity aassumption was
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d
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w
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an
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ex
xercise and intensity eeffects in RPE
R
and itss
in
nteraction.

Figuree 1
Main experim
mental session
ns
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Linear regressions were used to investigate the
precision of EC prediction as a function of RPE.
The standard error of the regression (Sy.x) was
used a measure of the goodness of the fit.
Data analysis was performed with the SPSS 16.0
(SPSS Science, Chicago, USA) and the graphics
designed with Sigma Plot 10.0 (SPSS Science,
Chicago, USA). Data are presented as means and
standard deviations. A minimum level of
significance of P ≤ 0.05 was adopted.
Results
The loads that were used in each exercise and the
duration of each bout are presented in Table 1.
When assessing the variations in RPE (see values
also in Table 1) according to the four exercises and
to the different loads, a general effect was
identified for both independent variables. The
RPE increased significantly with the exercise
intensity (P=0,000; η2=0.83) with an exception of
the comparison between the first two bouts (12%
vs. 16%). There were no significant differences
between RPE in half squat and in bench press. The
RPE during triceps extension was significantly
higher compared to every other exercise and the
RPE during Lat pull down was significantly lower
when compared with every other exercise. Simple
linear regressions were established to estimate the

EC using RPE (Figure 2).Significant (p< 0,05)
regression equations were noted for the bench
press, triceps extension and lat pull down. The
linear regression that was obtained for the Half
squat was not significant

Discussion
The aim of the present study was to assess
the accuracy of equations based on RPE obtained
using the OMNI‐RES to predict energy cost (EC)
during low intensity resistance exercise (RE).The
main finding of the present study was that EC can
be accurately predicted from RPE during low
intensity lat pull down, bench press and triceps
extension in recreational body builders. Our
results suggest that the accuracy of the prediction
model based upon the half squat is not acceptable.
Generally, the RPE tended to be higher during
triceps extension as compared with the remaining
three exercises that were used in the present
study. These results suggest that single‐joint
exercises result higher RPE than multiple joint
exercises. This finding is consistent with Lagally
et al. (2002b) who assessed RPE at intensities of 30
and 90% of 1RM in seven different exercises (both
single‐joint and multi‐joint). Smolander et al.
(1998), reported similar differences in RPE in both
young and old subjects performing single and
multiple joint exercises.

Table 1
Means and standard deviations of load, duration of exercise and rate of perceived exertion
at 12, 16, 20 and 24% 1‐RM in the four exercises
Exercíse

Bench press

Half squat

Triceps extension

Lat pull down

%1RM
12
16
20
24
12
16
20
24
12
16
20
24
12
16
20
24

Journal of Human Kinetics Special Issue 2011,

Load (kg)

Duration (sec)

RPE

11,4±2,6
15,2±3,3
18,9±4,3
22,6±5,0
13,9±3,2
18,8±4,0
23,6±5,0
28,3±6,2
5,5±1,1
7,4±1,6
9,4±1,9
11,2±2,4
11,2±1,6
14,8±2,1
18,5±2,8
22,2±3,4

266,47±29,78
187,06±29,10
211,76±37,45
169,41±33,44
264,12±41,39
192,35±36,83
215,29±28,53
181,92±7,26
255,88±30,22
178,82±24,97
206,47±29,78
183,53±14,55
264,71±30,44
187,06±29,10
222,35±28,18
183,53±14,55

4,29±1,69
5,35±1,93
7,12±1,73
7,59±2,12
3,59±2,37
3,88±2,50
6,06±2,22
6,41±2,32
6,06±1,78
5,65±1,46
7,18±1,33
7,41±1,37
3,06±1,52
3,59±2,32
4,53±2,03
5,94±2,11
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Figure 2
Simple regression analysis between energy cost (EC) and rate of perceived exertion
(RPE): Lat Pull down (A), Bench Press (B) and Triceps Extension (C).
Regressions were built with mean OMNI‐RES and EC values. (N = 17)
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According to Hetzler et al. (1991) RPE is
more strongly associated with the accumulation
of muscle lactate than with heart rate and blood
pressure. This implies that the more localized
accumulation of lactate during single‐joint
movements as compared with multi‐joint
exercises performed at the same intensity could
result in higher RPE (Lagally et al., 2002a; Lagally
et al. 2002b). In addition the present finding that
RPE progressively increased with increasing
exercise intensity is consistent with the results of
multiple investigations. Indeed, Lagally et al.
(2004) reported that RPE was greater during
resistance exercise performed at 80 than 60% of 1
RM . This observation has also been reported by
Lagally and Robertson (2006), Gearhart et al.
(2002), Sweet et al. (2004) and Suminski et al.
(1997).
Studies also show that RPE increases as a
function of the number of repetitions and sets for
a given weight (Robertson et al., 2003; Pincivero et
al., 2004; Woods et al., 2004). In protocols with
eccentric contractions, which used various
combinations of loads and repetitions, RPE also
increased with the increasing of number of
repetitions (Hollander et al., 2003), and this linear
increase in line with repetitions increasing
(Pincivero et al., 2004). The RPE response during
RE is related to the total amount of weight being
lifted (i.e. the combination of repetitions and
weight). Thus, for sub maximal efforts, the
literature confirms that RPE is sensitive to training
volume. The current study was not designed to
address this issue. However, since our subjects
did perform every exercise until exhaustion, the
RPE mean values that we have observed must be
interpreted as a consequence of the number of
repetitions and not only as a response to a specific
load. In the future it may be interesting to confirm
if the use non‐exhaustive low‐intensities (below
30% of 1‐RM) confirm our findings.
The prescription of
aerobic exercise
intensity can be based on RPE, as the latter is
strongly related to the physiological overload
(Robertson, 2001).The present findings suggest
that RPE may also have some functional utility as
a prescriptive reference to estimate EC during RE.

In every exercise, but the half squat, the steady‐
state criterion was observed. It is true that VO2
measures only the aerobic fraction of energy
release. It has been suggested that contribution
from the anaerobic metabolism in RE may
represent up to 39% of the total energy cost (Scott,
2006). However, during low intensities (as in the
present study) and as long as the VO2 attains a
steady‐state, the anaerobic fraction may be
negligible (due only to the initial O2 deficit) and
the VO2 may represent the overall energy cost.
In the triceps extension, the lat pull down
and the bench press, OMNI‐RES correlated
strongly with EC (R > 0.97). In the half squat, the
correlation was only moderate (R = 0.434) and
non‐significant (P = 0.566). The error in predicting
EC would be 0.17 kcal.min‐1 in the triceps
extension, 0.10 kcal.min‐1 in the bench press and
0.15 kcal.min‐1 in the lat pull down. This means
that in the bench press, for example, our subjects’
EC would be between 4 and 5 kcal.min‐1 at the
exercise intensities that were tested and that using
the OMNI‐RES their EC could be estimated with a
≈3% error; which is a fairly acceptable precision.
In summary, the application of the OMNI‐RES
can be considered as an accurate predictor of EC
in the bench press, lat pull down and triceps
extension
performed
by
recreational
bodybuilders, provided lower intensities are used
(up to 24 % of 1‐RM) and provided each set of
exercise is performed for the maximal sustainable
duration. It would be interesting in future studies
to assess the relation between RPE and EC in
additional exercises. In addition this line of
research could be expanded to include women,
the elderly and individuals without previous RE
experience.
Using this type of estimation in settings
such as schools, gyms, fitness centers, and rehab
centers may enable healthcare professionals to
prescribe weight loss or weight control programs
with greater precision. The possibility to estimate
EC from RE based on RPE is therefore highly
attractive. Since RE may appear as a series of
different combinations of exercises and intensities,
further studies are warranted to establish a proper
reference that can be used by practitioners.
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Somatotype is More Interactive with Strength than Fat Mass
and Physical Activity in Peripubertal Children

by
Carlos Marta , Daniel A. Marinho , Aldo M. Costa, Tiago M. Barbosa2,5,
Mário C. Marques2,3
1,2

2,3

The purpose of this study was to analyse the interaction between somatotype, body fat and physical activity in
prepubescent children. This was a cross‐sectional study design involving 312 children (160 girls, 152 boys) aged
between 10 and 11.5 years old (10.8 ± 0.4 years old). Evaluation of body composition was done determining body mass
index and body fat by means of skin‐fold measurements, using the method described by Slaughter. Somatotype was
computed according to the Carter’s method. Physical activity was assessed with the Baecke questionnaire. The physical
activity assessment employed sets of curl‐ups, push‐ups, standing broad jump, medicine ball throw, handgrip strength
and Margaria‐Kalamen power stair. There were negative associations for body fat, endomorphy and mesomorphy with
curl‐ups, push‐ups and broad jump tests and positive associations with ball throw, handgrip strength and Margaria‐
Kalamen power tests. The associations for ectomorphy were the inverse of those for endomorphy and mesomorphy. Non
obese children presented higher values for curl‐ups, push‐ups and standing broad jump. In medicine ball throw,
handgrip strength and Margaria‐Kalamen power test obese children presented higher scores, followed by children who
were overweight. The mesoectomorphic boys and ectomesomorphic girls performed higher in all tests. The morphological
typology presented more interactions with strength than % of body fat and physical activity. These data seem to suggest
that the presence/absence of certain physical characteristics is crucial in the levels of motor provision in prepubescent
children.
Key words: physical fitness, motor performance, strength, anthropometric

Introduction
Children with high levels of motor
competence are more active, more capable
(Castelli and Vale, 2007) and spend less time on
sedentary tasks (Wrotniak et al., 2006). On the
other hand, improvement in the motor proficiency
of children can also influence levels of habitual
physical activity beyond school age, creating
expectations of future maintenance of active
lifestyles (Sharkey, 2002; Andersen et al., 2004)
and is thus indispensable to potential decisions
influencing the promotion of health (Stodden et

al., 2008). Health‐related fitness includes, besides
others, aerobic endurance, muscular strength, and
flexibility (Hands et al., 2009). On this, most
studies on physical fitness have focused specially
on aerobic capacity neglecting, among for
instance, neuromotor fitness based on muscular
strength (Cepero et al., 2011). Some studies
reported positive associations between physical
activity in children and adolescents with
performance on tests of muscular strength and
muscular endurance (Lennox et al. 2008;
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Martínez‐Gómez et al., 2011). Added to that, an
evolution of muscular strength skills throughout
adolescence associated with higher levels of
physical activity were also described (Zac and
Szopa, 2001). Others, by contrast, report no
significant associations between physical activity
and performance in similar tests (Hands et al.,
2009). It is also possible to find studies that
negatively relate body fat with tests of strength
and muscular endurance (Castro‐Pistro et al. 2009;
Dumith et al., 2010) or, conversely, a positive
relationship in tests such as ball throwing or
handgrip strength (Artero et al., 2010; DʹHondt et
al. 2009).
Somatype assessment may be used to
describe changes in the human physique over the
lifespan or as a result of physical activity and has
been found to be inherited to a greater extent than
body mass index (Reis et al., 2007). Yet, there are
few studies that link somatype with muscular
strength in young people, with the exception of
the recent studies by Jakšić and Cvetkovic (2009)
and Shukla et al. (2009) relating this exclusively to
the standing broad jump and curl‐ups. Currently,
efforts to promote physical fitness levels in the
young ought to be a priority (Cepero et al., 2011),
but clearly these cannot exceed the limits imposed
by genotype, i.e., the manifestation of genetic
determinism; just as important as the dimensional
values are their relative degrees of presence,
observed
from
the
morpho‐constitutional
perspective (Malina and Bouchard, 1991). We can
define the morphological typology as a complex
entity that describes the overall configuration of

the body, as opposed to individual anatomical
characteristics (Malina and Bouchard, 1991). It is
therefore pertinent to examine, in addition to the
correspondence between physical activity, body
composition and performance in tests of muscle
strength and endurance, the correlation between
somatotype and any such tests.
Therefore, the purpose of the present
study was to analyze the relationship between
physical activity, body fat, and somatotype with
performance in tests of strength and muscular
endurance. An additional objective is to find
which of the variables is most interactive with the
muscular strength and endurance parameters
selected. It was hypothesized that there is some
kind of relationship between physical activity,
body fat and somatotype with muscular strength
and muscular endurance performances.

Material and Methods
Sample
The sample, cross‐sectional in type,
consisted of 312 prepubescent children (160 girls,
152 boys) who volunteered for this study. The
age, height and weight of the whole sample were:
10.8 ± 0.4 years, 1.45 ± 0.08 m, 40.0 ± 8.7 kg,
respectively (girls: 10.8 ± 0.4 years, 1.44 ± 0.07 m,
38.9 ± 8.5 kg; boys: 10.8 ± 0.4 years, 1.45 ± 0.09 m,
41.2 ± 8.8 kg). Descriptive data of the percentage
of fat mass (%FAT), body mass index (BMI)
endomorphy (ENDO), mesomorphy (MESO),
ectomorphy (ECTO), physical activity index (PA)
and muscle strength variables are presented in
Table 1.

Table 1
Descriptive data of FAT, BMI, ENDO, MESO, ECTO, PA and muscle strength variables
Male
Variables
%FAT
BMI
ENDO
MESO
ECTO
PA
Curl‐ups
Push‐ ups
Broad jump
Medicine ball throw
Handgrip strenght R
Handgrip strenght L
M‐K power stair test

Mean
22.38
19.46
3.62
4.69
2.49
8.85
32.96
12.42
134.87
244.80
18.18
16.90
42.71

Female
SD
8.65
3.20
1.71
1.16
1.45
1.09
19.439
8.262
23.448
36.893
3.987
3.801
13.499
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Mean
23.10
18.57
3.96
3.68
2.85
8.36
25.23
8.58
119.33
219.72
16.903
15.62
34.667

SD
6.99
2.93
1.60
1.09
1.45
0.890
15.01
6.78
21.98
37.79
4.49
4.23
12.22

Overall sample
Mean
SD
22.75
7.84
19.00
3.09
3.79
1.66
4.17
1.23
2.67
1.46
8.60
1.02
29.00
17.71
10.45
7.77
126.90
23.97
231.94
39.35
17.52
4.29
16.24
4.07
38.58
13.45
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Table 2
Correlations between % of FAT, ENDO, MESO, ECTO, PA and strength variables

PA

ECTO

MESO

ENDO

% FAT

Male

Female

Overall sample
rho
p

Variables

rho

p

rho

p

Curl‐ups

‐0.243

0.003 **

‐0.274

0.000 **

‐0.274

0.000 **

Push‐ups

‐0.504

0.000* *

‐0.303

0.000 **

‐0.411

0.000**

Broad jump

‐0.486

0.000 **

‐0.253

0.001 **

‐0.378

0.000 **

Medicine ball throw

0.209

0.010 *

0.193

0.014 *

0.162

0.004 **

Handgrip strenght R

0.316

0.000 **

0.171

0.030 *

0.232

0.000 **

Handgrip strenght L

0.338

0.000 **

0.155

0.050 *

0.234

0.000 **

M‐K power stair test

0.056

0.490

0.169

0.032 *

0.073

0.201

Curl‐ups

‐0.246

0.002 **

‐0.277

0.000 **

‐0.294

0.000 **

Push‐ ups

‐0.506

0.000 **

‐0.308

0.000 **

‐0.427

0.000 **

Broad jump

‐0.468

0.000 **

‐0.168

0.034 *

‐0.349

0.000 **

Medicine ball throw

0.200

0.014 *

0.245

0.002 **

0.159

0.005 **

Handgrip strenght R

0.326

0.000 **

0.249

0.002 **

0.264

0.000 **

Handgrip strenght L

0.339

0.000 **

0.229

0.004 **

0.257

0.000 **

M‐K power stair test

0.048

0.553

0.213

0.007 **

0.071

0.214

Curl‐ups

‐0.165

0.042 *

‐0.208

0.008 **

‐0.085

0.134

Push‐ ups

‐0.296

0.000 **

‐0.065

0.415

‐0.060

0.291

Broad jump

‐0.339

0.000 **

‐0.241

0.002 **

‐0.124

0.028 *

Medicine ball throw

0.213

0.009 **

0.009

0.907

0.218

0.000 **

Handgrip strenght R

0.370

0.000 **

0.024

0.766

0.219

0.000 **

Handgrip strenght L

0.385

0.000 **

‐0.011

0.889

0.219

0.000 **

M‐K power stair test

0.179

0.028 *

‐0.030

0.705

0.178

0.002 **

Curl‐ups

0.201

0.013 *

0.156

0.049 *

0.157

0.005 **

Push‐ ups

0.366

0.000 **

0.160

0.043 *

0.219

0.000 **

Broad jump

0.489

0.000 **

0.238

0.002 **

0.303

0.000 **

Medicine ball throw

‐0.045

0.582

‐0.082

0.301

‐0.094

0.098

Handgrip strenght R

‐0.145

0.075

‐0.048

0.550

‐0.103

0.069

Handgrip strenght L

‐0.176

0.030 *

‐0.052

0.518

‐0.125

0.027 *

M‐K power stair test

‐0.045

0.580

‐0.126

0.111

‐0.104

0.067

Curl‐ups

0.278

0.001 **

0.098

0.219

0.225

0.000 **

Push‐ ups

0.388

0.000 **

0.091

0.252

0.270

0.000 **

Broad jump

0.384

0.000 **

0.257

0.001 **

0.366

0.000 **

Medicine ball throw

0.210

0.010 **

0.089

0.261

0.212

0.000 **

Handgrip strenght R

0.166

0.040 *

‐0.005

0.953

0.114

0.044 *

Handgrip strenght L

0.111

0.172

0.002

0.980

0.096

0.091

M‐K power stair test

0.306

0.000 **

0.090

0.260

0.249

0.000 **

* p< 0.05 ; ** p< 0.01
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Both boys and girls were in Tanner stages 1‐2.
Participantsʹ parents provided their written and
informed consent and the procedures were
approved by the institutional review board
following the Helsinki Declaration.
Procedures
Parameters of body fat, somatotype, level of
physical activity and physical fitness were
evaluated for all subjects participating in the
study. For anthropometric measurements the
participants were barefoot and wore only
underwear. Body weight was measured using the
standard digital floor scale (Seca 841), body height
using a precision stadiometer (Seca 214), and
skinfolds using a skinfold caliper. For perimeter
measurement a circumference tape was used
(Seca 200).
It was assessed the bi‐condilofemoral
diameter and the leg diameter (Campbell, 20,
RossCraft, Canada). In the evaluation of body
composition, body mass index (BMI) and body fat
(%FAT) were calculated using the skinfold
method described by Slaughter et al. (1988).
Cohort groups were defined based in the body
mass index according to the cut‐off values
suggested by Cole et al. (2000). The definition of
morphological typology (TYPE) used the method
described by Heath‐Carter (1971), while the
evaluation of biological maturation followed the
sexual maturation stages of Tanner (1962).
Individuals selected were self‐evaluated as being
in stages 1 and 2. The index of physical activity
(PA) was measured using the Baecke et al. (1982)
questionnaire. For the assessment of physical
fitness, motor tests were chosen to include the
assessment of muscle strength and endurance
(curl‐ups and push‐ups: the score was the number
of correct curl‐ups performed at a cadence of 20
curl‐ups per minute, i.e., 1 curl‐up every 3
seconds), explosive strength (standing broad
jump and medicine ball throw 2 kg: the score was
the the furthest distance), isometric strength and
anaerobic endurance (hand‐grip strength ‐ using a
Jamar hydraulic hand dynamometer of 000‐200
lbs: three trails were given for each hand
separately and the score was recorded in kg) and
muscular power (Margaria‐Kalamen power stair
test: Power = body mass (kg) x vertical distance
between steps). The test‐retest reliability, as
shown by the intraclass correlation coefficient
(ICC) was between 0.91 and 0.94 for all measures.
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Statistics
Normality of distribution was checked by
applying the Kolmogorov‐Smirnov tests (SPSS
17.0). Statistical analysis used the Kruskal‐Wallis
test in the comparison between groups.
Relationships between variables was performed
with the Spearman correlation. Interaction
between the variables referred to the General
Linear Model, MANOVA. The statistical
significance was set at p ≤ 0.05.

Results
There
were
significant
negative
associations between % FAT, endomorphy
(ENDO) and mesomorphy (MESO) with
performance on tests of curl‐ups, push‐ups and
standing broad jump, and positive associations
with medicine ball throw, handgrip strength and
M‐K tests. In the opposite direction, ectomorphy
(ECTO) was negatively associated with left
handgrip strength, and positively with curl‐ups,
push‐ups and standing broad jump. With the
exception of left handgrip strength, for which
there were no significant correlations, PA was
positively associated with all the variables of
muscle strength and endurance (Table 2).
Comparing groups with different BMI,
one can observe significant differences between
normal weight, overweight, and obese children on
curl‐ups, push‐ups, standing broad jump,
medicine ball throw, handgrip strength and M‐K
power test (Table 3). Normal weight children
presented higher performance on curl‐ups, push‐
ups and standing broad jump, followed by
children who were overweight. In medicine ball
throw, handgrip strength and M‐K power test,
obese children presented higher scores, followed
by children who were overweight (in boys, girls,
and whole sample). MANOVA results showed
that the variable TYPE presented more
interactions with the muscle strength and
endurance variables than % FAT and PA variables
(Table 5).
The comparison between groups of different
TYPE showed significant differences in the curl‐
ups, push‐ups, standing broad jump, handgrip
strength and M‐K power test (Table 4). In
addition, the current experiment presented higher
performance values for mesoectomorphic boys
and ectomesomorphic girls in all tests.
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Table 3
Comparison between different BMI groups with respect to muscle strength variables
Male
Variables
Curl‐ups
Push‐ ups
Broad jump
Medicine ball throw
Handgrip strenght R
Handgrip strenght L
M‐K power stair test

K
5.041
20.216
26.479
4.694
11.526
16.031
0.941

Female
K
p
5.442
0.066
10.723
0.005**
1.078
0.583
0.012 *
8.892
0.018 *
8.067
0.013 *
8.739
0.005 **
10.750

p
0.080
0.000 **
0.000 **
0.096
0.003 **
0.000 **
0.625

Total
K
8.773
23.445
14.192
14.179
21.356
26.602
10.808

p
0.012 *
0.000 **
0.001 **
0.001 **
0.000 **
0.000 **
0.004 **

* p< 0.05 ; ** p< 0.01

Table 4
Comparison between different TYPE groups with respect to strength variables
Male
Variables
Curl‐ups
Push‐ ups
Broad jump
Medicine ball throw
Handgrip strenght R
Handgrip strenght L
M‐K power stair test

K
15.206
43.772
37.300
8.731
11.282
12.442
2.760

Female
K
p
0.034 *
20.961
0.003 **
27.985
0.009 **
25.003
13.274
0.276
0.043 *
20.144
0.003 **
27.964
0.002 **
29.445

p
0.055
0.000 **
0.000 **
0.365
0.186
0.133
0.949

Total
K
33.267
67.080
44.295
6.764
14.404
17.019
20.754

p
0.000 **
0.000 **
0.000 **
0.818
0.211
0.107
0.036 *

* p<0.05 ; ** p< 0.01

Table 5
Interaction of morphological type (TYPE), body fat (% FAT) and physical activity (PA)
with strength variables: GLM‐MANOVA test
Male
Variables
Curl‐ups
Push‐ ups
Broad jump
Med ball throw
H grip strenght R
H strenght L
M‐K power stair

%FAT
TYPE
%FAT
TYPE
PA
%FAT
TYPE
TYPE
TYPE
%FAT

F

p

4.205

0.007 **

Female
F
p
2.674
0.035 *

2.135
2.920
3.018

0.023 *
0.002 **
0.001 **

Legend: H: hangrip; Med: medicine; * p< 0.05 ; ** p< 0.01
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Total
F

p

2.713

0.002 **

2.909
4.383
2.601

0.001 **
0.037 *
0.037 *

2.408
2.762

0.007 **
0.028 *
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Discussion
The purpose of this study was to examine
the interaction between physical activity, body fat,
somatotype and performance with muscle
strength and endurance. The main results suggest
that in subjects undergoing pre pubescence,
somatotype is a more significantly determining
factor than PA and % FAT to the performance in
strength tests.
The significant and negative relationship
of body fat with body tasks is consistent with
results of previous studies that referred to similar
relationships in tests of curl‐ups (Fogelholm et al.
2008; Castro‐Piñero et al. 2009; DʹHondt et al.,
2009; Dumith et al., 2010), standing broad jump
(Artero et al., 2010; Xianwen et al., 2010), and
push‐ups (Castro‐Piñeroet al., 2009). The current
results are also consistent with others researches
that report positive associations of body fat with
handgrip strength and ball‐throwing, as
evidenced by studies undertaken by Deforche et
al. (2003), Casajús et al. (2007) and Artero et al.
(2010), in the hand dynamometry test, and
DʹHondt et al. (2009), in the basketball throw. On
the other hand, Dumith et al. (2010) found no
significant association of body fat with medicine
ball throw. In the M‐K test, it was not possible to
compare the results with other studies in the
literature. However, the fact that in the equation
for calculating power the numerator must take
into account the weight of the subject, which in
addition to body fat also includes the muscle mass
associated with it, might somehow explain the
positive association observed in girls. Concerning
the relation of somatotype with physical fitness, it
should be stressed‐out that, more important than
the association of each major component with
performance, it is the critical to consider the
degree of relative presence of each component,
defined by morphological typology.
ENDO was positively related only with
handgrip strength, ball‐throwing power and the
M‐K test, these being the same tests in which
%FAT had a positive association. These two
variables are very close, either in terms of
definition, or by the way they are calculated.
Here, ENDO expresses the degree of adiposity
development (Malina and Bouchard, 1991). So the
primary effect of this component in performance
will differ depending on the type of task, being a
limiting factor in body propulsion and lifting
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tasks in which body fat plays a similar function.
Also Malina and Bouchard (1991) reported that
ENDO, unlike the tasks of throwing objects, tends
to negatively correlate with performance on most
motor tasks, because the absolute lean body mass
is more related to these tasks than the relative lean
body mass. However, according to the same
authors, the correlations between body type and
motor performance are generally low and limited
in pre pubescence.
MESO reflects muscle development
positively associated with strength and motor
performance in general (Malina and Bouchard,
1991). This component is only negatively
correlated with tests related to the propulsion and
lifting of the body, in which tasks ECTO has the
advantage, since it is based on weighting index,
i.e. the quotient of height by the cube root of body
weight (Malina and Bouchard, 1991). While
observing a positive influence for MESO in most
tests, it is also necessary to consider sexual
dimorphism in relation to body type component
of the somatotype, reflected in the differences in
the values of ECTO and MESO. These differences
only begin to be observed and favorable to boys
from early adolescence, thus increasing with age,
while girls tend to increase the value of ENDO
(Malina et al., 2004). If the analysis is carried‐out
according to the dominant component, the
children whom the MESO and ECTO were
dominant had the best results in all tests
considered.
ECTO reflects linearity and muscular
hypotonia (Dumith et al. 2010). On this, there
were only positive associations for ECTO with
propulsion and lifting body tasks, precisely the
reverse of the associations for ENDO and MESO
because of the negative effect of body weight in
these tasks (Dumith et al. 2010; Xianwen et al.,
2010). Regarding left handgrip strength, there is a
negative association, since it is a different test,
which does not require propulsion or lifting the
body.
In the relationship of TYPE with motor
performance it appears that meso‐ectomorphs and
ecto‐mesomorphs, i.e. individuals with a
predominance of the primary components of
ECTO and MESO presented higher performances
in all tests considered, which is consistent with
the advantage of MESO, noticed in the literature,
concerning the tasks that require strength and
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motor performance in general. By contrast, the
advantage of ECTO was found in tasks related to
the propulsion and lifting movements of the
body. Suchomel (2002) also reported a positive
association between the prevalence of these
components with the total score of the battery
UNIFITT as did Jakšić and Cvetkovic (2009) with
the performance analysis in the curl‐ups, bent‐
arm hang and longest jump distance.
The relationship between PA and motor
performance corroborates the findings of most
studies that report a positive association between
PA and muscular strength and endurance as well
as overall physical fitness, particularly in the
standing broad jump (Lennox et al., 2008; Loko et
al. 2003; Wrotniak et al., 2006), medicine ball
throw (Loko et al., 2003), push‐ups (Lennox et al.,
2008, Tovar et al., 2008) and isometric hand‐
dynamometry (Tovar et al., 2008). Different
results were obtained by Hands et al. (2009), who
found no significant associations between PA and
performance in standing broad jump, curl‐ups,
hand dynamometry and ball throw. The greatest

number of interactions of TYPE with the selected
tests highlights the importance of this parameter
in muscle strength and endurance in
prepubescent children.
In summary, body fat, physical activity
and somatotype determine physical fitness levels
in children and adolescents. The current study
presented similar data, although underlying the
main role of the somatotype on muscular strength
and resistance in prepubescent children. The data
from this study seem to suggest that one cannot
exceed the limits imposed by what is a
manifestation of genetic determinism, observed
from the morpho‐constitutional point of view, by
which the presence/absence of certain physical
traits determines the appropriate levels of motor
performance required.
It can be considered as main limitations:
(i) there are several other biological and behavior
variables that might also determine the muscular
strength performance; (ii) it was only applied field
tests. Laboratory tests with a higher control
standard might present more accurate data.
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The Effects of Concurrent Resistance and Endurance Training
Follow a Specific Detraining Cycle in Young School Girls

by
Albano Santos1,2, Daniel A. Marinho1,2, Aldo M. Costa1,2, Mikel Izquierdo3,
Mário C. Marques1,2
The purpose of this study was to compare the effects of an 8‐week training period of strength training alone
(GR), or combined strength and endurance training (GCOM), followed by 12‐weeks of de‐training (DT) on body
composition, power strength and VO2max adaptations in a schooled group of adolescent girls. Methods: Sixty‐seven
healthy girls recruited from a Portuguese public high school (age: 13.5+1.03 years, from 7th and 9th grade) were divided
into three experimental groups to train twice a week for 8 wks: GR (n=21), GCOM (n=25) and a control group (GC:
n=21; no training program). Anthropometric parameters variables as well as performance variables (strength and
aerobic fitness) were assessed. Results: No significant training‐induced differences were observed in 1kg and 3kg
medicine ball throw gains (2.7 to 10.8%) between GR and GCOM groups, whereas no significant changes were
observed after a DT period in any of the experimental groups. Significant training‐induced gains in CMVJ (8 to 12%)
and CMSLJ (0.8 to 5.4%) were observed in the experimental groups. Time of 20m significantly decreased (GR: ‐11.5%
and GCOM: ‐10%) after both treatment periods, whereas only the GR group kept the running speed after a DT period
of 12 weeks. After training VO2max increased only slightly for GCOM (4.0%). No significant changes were observed
after the DT period in all groups, except to GCOM in CMVJ and CMSLJ. Conclusion: Performing simultaneous
strength and endurance training in the same workout does not appear to negatively influence power strength and
aerobic fitness development in adolescent girls. Indeed, concurrent strength and endurance training seems to be an
effective, well‐rounded exercise program that can be prescribed as a means to improve initial or general strength in
healthy school girls. De‐training period was not sufficient to reduce the overall training effects.
Key words: Youth, Strength, Endurance, School, Experimental, weight training, detraining

Introduction
Strength training is defined as a
specialized method of conditioning that involves
the progressive use of a wide range of resistive
loads and a variety of training modes (e.g., free
weights, weight machines, elastic cords, medicine
balls, and body weight) designed to enhance
health, fitness and sports performance (0).
Scientific evidence indicates that strength training
should be part of a comprehensive health
maintenance (Faigenbaum, 2007) and physical
performance
(Anderson
and

Haraldsdottir, 1995) effective strategy for youth,
as long as it is carefully prescribed and monitored
(Simons‐Morton et al., 1993; Sharma, 2006;
Izquierdo et al., 2010). Further, female
participation in sport has increased dramatically
over the previous 20 years in a variety of events.
However, despite the increase in female physical
activity (PA) regular programs, there is a paucity
of research on performance characteristics of
female adolescents and to the authors’ knowledge
few data are available for young school girls
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(Sweeting, 2007; Faigenbaum et al., 2009).
School girls have been described as less
active than their male age‐peers (Nielsen and
Andersen, 2003; Faigenbaum, 2007) and become
even less physically active as they are going
through adolescence (Twisk et al., 2000; Sweeting,
2007). Nevertheless, it was reported by several
studies that physical activity levels of children
aged 13 to 15 years old are positively related with
physical fitness (Malina, 2001). Moreover, there is
strong evidence that school‐based interventions
are effective to promote PA levels (Faigenbaum et
al., 1996; Strong et al., 2005; Sweeting, 2007) and,
therefore, school seems to provide an excellent
setting to enhance its levels by implementing
physical fitness programs.
Both strength and endurance training are
often performed concurrently in most exercise
programs in wellness, fitness and rehabilitative
settings, in an attempt to reach different physical
fitness goals (Anderson and Haraldsdottir, 1995).
Several studies using young adult sample, have
shown that simultaneously performing strength
and cardiovascular training, the strength gains
achieved by strength training alone may be
impaired (Kraemer et al., 1995). Unfortunately,
few authors have examined the effects of
concurrent strength and endurance training on
different days (Sale et al., 1990), on the same day
(Abernethy and Quigley, 1993; Volpe et al., 1993)
or a compound of both methods (Hunter et al.,
1987). Researches in a school environment,
concerning this issue, are even scarcer (Izquierdo
et al., 2010). Moreover, to our best knowledge, no
study prior to ours had studied the effects of
power training with concurrent power and
endurance training on muscular strength
development in a large sample of non‐athlete
adolescent girls.
Physical activity interruption because of
illness, injury, holidays, or post‐season break
occurring through life or other factors are normal
situations in any kind of sport (0; Garrido et al.,
20100). The magnitude of this reduction may
depend upon the length of the detraining period
in addition to training levels attained by the
subject (0). However, the detraining period and its
consequences are not well reported in sports
literature during puberty. Additionally, a period
of strength training cessation can also produce a
positive delay transformation to enhanced sports
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specific performance (0). In fact, it has been shown
that physical fitness improves during the school
year (yr), with little or no changes during the
summer holidays (0). Another study (0) could
observed that girls can significantly reduce
cardiorespiratory fitness after the holiday period.
However, the detraining period and its
consequences are not well reported in the
scientific community, or within a group of school
girls (0; 0). Furthermore, the effects of training
may not manifest soon after the training but may
appear later.
According to the above mentioned, we
hypothesized that concurrent strength and
endurance training would have a bigger positive
effect on muscular strength development of un‐
trained school girls compared with the results
found when strength was trained alone. We also
hypothesized that both strength training and
concurrent strength and endurance training
groups would keep some strength gains after a
training break. Therefore, the main purpose of the
current study was twofold: (i) to analyze the
effects of strength training alone, or combined
strength and endurance training on body
composition, strength and cardiovascular markers
on a sample of healthy schoolgirls and, (ii) to
assess the effects of a de‐training period on
strength and endurance performance.

Methods
Experimental design
Sixty‐seven healthy girls (13.5±1.03 years
old) recruited from a Portuguese public high
school were divided into two experimental
groups (to train 2 times per week for 8 weeks) and
one control group as follows: one group
performing strength training only (GR: n=21);
another group performing combined strength and
endurance training (GCOM: n=25); an additional
group as control (GC: n=21; without training
program). All subjects attended physical
education classes twice a week, with a duration of
45 min and 90 min each class respectively. In
these classes, students took part in various sports
(gymnastics drills, soccer, basketball and
volleyball) with a clear pedagogical focus. As
such, according to other researchers (Simons‐
Morton et al., 1993; Silva et al., 2010) the physical
activity intensity is considered low to moderate.
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Participants in all groups were asked to maintain
normal eating and physical activity patterns over

the duration of the study. This procedure was the
same as Lubans et al. (2010).

Table 1
Design of the training program performed
Exercises

Session 1

Session 2

Session 3

Session 4

Session 5

Session 6

Chest 1 kg Medicine Ball Throw 1,2

2x8

2x8

2x8

2x8

6x8

6x8

2x8

2x8

2x8
6x8

6x8

Chest 3 kg Medicine Ball Throw 1,2

2x8

Overhead 1kg Medicine Ball Throw 1,2

2x8

2x8

2x8

2x8

Overhead 3kg Medicine Ball Throw 1,2

2x8

2x8

2x8

2x8

CMJ onto a box 1,2

1x5

1x5

3x5

3x5

3x5

4x5

Plyometric Jumps above 3 hurdling1,2

5x4

5x4

5x4

5x4

2x3

2x3

Sprint Running (m)1,2

4x20m

4x20m

3x20m

3x20m

3x20m

3x20m

75%

75%

75%

Session 7

Session 8

Session 9

75%
Session
10

75%
Session
11

75%
Session
12

2x5

2x5

3x5

3x5

3x5

2x5

Overhead 3kg Medicine Ball Throw 1,2

2x8

2x8

3x8

3x8

3x8

CMJ onto a box

4x5

5x5

5x5

5x5

5x5

Plyometric Jumps above 3 hurdling1,2

3x3

4x3

4x3

4x3

4x3

Sprint Running (m)

4x30m

4x30m

4x30m

4x30m

4x30m

3x40m

75%
Session
15

75%
Session
16

75%

75%

3x8

2x8

2x8

2x4

2x4

2x30m

2x30m

20m Shuttle Run (MAV)

2

Exercises
Chest 1 kg Medicine Ball Throw 1,2
Chest 3 kg Medicine Ball Throw 1,2
Overhead 1kg Medicine Ball Throw

1,2

1,2

1,2

20m Shuttle Run (MAV)

2

Exercises

75%

TestM
Session
Session 13
14

4x5

Chest 1 kg Medicine Ball Throw 1,2
Chest 3 kg Medicine Ball Throw 1,2

2x5

Overhead 1kg Medicine Ball Throw 1,2

1x5

Overhead 3kg Medicine Ball Throw 1,2

3x8

CMJ onto a box 1,2

4x5

2x5

Plyometric Jumps above 3 hurdling1,2

4x3

3x3

Sprint Running (m)1,2

3x40m

4x40m

75%
75%
75%
75%
20m Shuttle Run (MAV)
For the Medicine Ball Throwing and Jump onto box the 1st no. corresponds to sets and 2nd corresponds to repetitions.
For Sprint Running 1st number corresponds to sets and 2nd corresponds to the distance to run.
For 20m Shuttle Run training each girl ran each session (until testM) 75% of maximum individual
aerobic volume performed on pre‐test and after this testM moment until program end,
ran 75% of maximum individual aerobic volume performed on testM. CMJ – Counter movement jump.
MAV ‐ maximum individual aerobic volume 1=power strength training protocol (GR).
2=concurrent resistance and endurance training (GCOM).
2
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Beyond to physical education classes, and
after a 10 min warm up period (7 min running
with an intensity sufficient to raise breath rate, 3
min stretching and joint specific warm up), both
experimental groups were submitted to a strength
training program composed by: 1 and 3 kg
medicine ball throws; jumps onto a box (from 0.4
m to 0.6 m); plyometric jumps above 0.4‐0.6 m of
height hurdle and; sets of 30 to 40m speed
running. The GCOM group was further subjected
to a 20m shuttle run exercise (0).
This endurance task, which occurred
immediately after the strength training session,
was developed based on an individual training
volume ‐ set to about 75% of the established
maximum aerobic volume achieved on a previous
test.
After 4 weeks of training, GCOM subjects
were reassessed using 20m shuttle run tests in
order to readjust the volume and intensity of the
20m shuttle run exercise. All participants were
familiarised with power training tests (sprints,
jumps and ball throws) as well as with the 20m
shuttle run test. A more detailed analysis of the
program can be found in table 1.
All sample groups were assessed for
upper and lower body power strength (overhead
medicine ball throwing and counter movement
vertical jump, respectively), running speed (20 m
sprint run) and VO2max estimate (20 meters
shuttle run test) before and after 8‐weeks of
training.
In order to evaluate the DT effects, all
individuals were reassessed 12 weeks after
training has ceased. The DT period was
coincidental with summer holidays. Throughout
this period, the subjects reported their non‐
involvement in regular exercise programs for
developing or maintaining strength and
endurance performance. The testing assessment
procedures were always conducted in the same
indoor facility, at the same hour and on the same
weekday (from March to September of 2010). Data
collection was performed by the same investigator
and after a general warm‐up of 10 minutes.
Subjects
A sample of 67 healthy girls recruited
from a Portuguese public high school (from 7th
and 9th grades) was used in this study. To fulfill
the ethical procedures of the Helsinki statement
(WMA Declaration of Helsinki, 2008), a consent
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form was obtained prior to all the testing from
parents or a legal guardian of the adolescents.
Efforts were made to pick subjects for making
comparable groups. Maturity level based on
Tanner stages (Duke et al., 1980) was self‐
assessed. Students were asked to answer to an
image with corresponding legend questionnaire.
Students answered the questionnaire in an
individual booth without interference from their
teachers or school friends. There were no
significant differences (p>0.05) between groups
for age or Tanner stages, neither in strength or
endurance fitness performances at the beginning
of the protocol. No subject had regularly
participated in any form of strength training
program prior to this experiment. The following
exclusion criteria were used: subjects with a
chronic paediatric disease or with an orthopaedic
limitation.
Anthropometrical Variables
Total height (m) was assessed according
to international standards for anthropometric
assessment (0), with a Seca 264 Stadiometer
(Hamburg, Deutschland). Weight and body fat
were assessed using a Tanita body composition
analyser; model TBF‐300 (Tanita Corporation of
America, Inc, Arlington Heights, IL) with a range
of ratio 1%‐75%. These two parameters were
assessed prior to any physical performance test.
Subjects were measured wearing shorts and t‐
shirts (shoes and socks were asked to be
removed).
Overhead Medicine Ball Throwing
An overhead medicine ball throw was
used to evaluate the upper body ability to
generate muscular actions at a high rate of speed.
Prior to baseline tests, each subject underwent one
familiarization session and was counselled on
proper overhead throwing with different
weighted balls. Pre‐tests, post‐tests and de‐
training measurements were taken on maximal
throwing velocity using medicine balls weighing
1kg (perimeter 0.72m) and 3kg (perimeter 0.78m).
A general warm‐up period of 10 minutes, which
included throwing the different weighted balls,
was allowed. While standing, subjects held
medicine balls with 1 and 3kg in both hands in
front of the body with arms relaxed. The students
were instructed to throw the ball over their heads
as far as possible. A counter movement was
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allowed during the action. Five trials were
performed with a one‐minute rest between each
trial. Only the best throw was used for analysis.
The ball throwing distance (BTd) was recorded to
the closest cm as proposed by van Den Tillaar &
Marques (2009). This was possible as polyvinyl
chloride medicine balls were used and when they
fall on the Copolymer Polypropylene floor they
make a visible mark. The ICC of data for 1kg and
3 kg medicine ball throwing was 0.94 and 0.93,
respectively.
Counter Movement Vertical Jump (CMVJ)
The standing vertical jump is a popular
test of leg power and is routinely used to monitor
the effectiveness of an athleteʹs conditioning
program. The students were asked to perform a
counter movement jump (with hands on pelvic
girth) for maximum height. The jumper starts
from an upright standing position, making a
preliminary downward movement by flexing at
the knees and hips; then immediately extends the
knees and hips again to jump vertically up off the
ground. Such movement makes use of the stretch‐
shorten cycle, where the muscles are pre‐stretched
before shortening in the desired direction (0). It
was considered only the best performance from
the three jump attempts allowed. The counter
movement vertical jump has shown an ICC of
0.89.
Counter Movement Standing Long Jump (CMSLJ)
Each participant completed three trials
with a 1‐min recovery between trials using a
standardised jumping protocol to reduce inter‐
individual variability. From a standing position,
with the feet shoulder‐width apart and the hands
placed on the pelvic girth, the girls produced a
counter movement with the legs before jumping
horizontally as far as possible. The greatest
distance (meters) of the two jumps was taken as
the test score, measured from the heel of the rear
foot. A fiber‐glass tape measure (Vinex, MST‐50M,
Meerut, India) was extended across the floor and
used to measure the horizontal distance. The
counter movement standing long jump has shown
an ICC of 0.96.
Sprint Running
The time to run 20m was obtained using a
Brower Timing System (Utah, USA). At the start
each subject trod the cell pad. The time to run the
distance was recorded using a digital and
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automatic chronometer commanded by the cell
pad and a pair of photocells positioned above the
20m line. All subjects were encouraged to run as
fast as possible and to decelerate only after
listening to the beep emitted by the last photocells
pair. Each student repeated the same procedure
for 3 attempts and only the best time reached was
recorded. The sprint running (time) has shown an
ICC of 0.85.
20 Meter Shuttle Run (VO2max)
This test involves continuous running
between two lines (20m apart in time) to recorded
beeps. The time between recorded beeps
decreases each minute (level). We chose to use the
common version that has an initial running
velocity of 8.5 km/h, which increases by 0.5 km/h
each minute (0). The final students score was
based on the level and number of shuttles reached
before they were unable to keep up with the
audio recording. Estimated VO2max (ml.kg‐1.min‐1)
was calculated by the Légerʹs equation (0). The
20m Shuttle Run test has shown an ICC of 0.91.
Statistical analyses
Standard statistical methods were used
for the calculation of the means and standard
deviations (SD). One‐way analysis of variance
(ANOVA) was used to determine any differences
among the three groups’ initial strength,
endurance, running speed and anthropometry.
The training related effects were assessed using a
two‐way ANOVA with repeated measures
(groups x moment). Selected absolute changes
were analyzed via one‐way ANOVA. The p ≤ 0.05
criterion was used for establishing statistical
significance.

Results
At baseline, no significant differences
were observed between groups for any of the pre‐
training anthropometrics and performance
variables (p>0.05). Body fat (BF) significantly
decreased (p<0.01) from the pre‐training to the
post‐training period in all groups (Table 2). No
significant changes were observed for height,
body weight and body mass index (BMI) in any of
the groups. Only GCOM increased significantly
1kg and 3kg ball throw distance (p<0.05). GR
increased significantly 3kg ball throw distance
(p<0.05) (Table 3). The CMVJ height remained
stable after the training program for group GR
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(0%; ns) whereas GR (+8%; 0.01) and GCOM
(+12%; 0.00) significantly increased CMVJ height
after the training program. Both experimental
groups also increased their performance in CMSLJ
after the training program: GR (+0.8%; 0.04) and
GCOM (+5.4%; 0.01). GC (‐2.3%; ns) didn’t change
significantly CMSLJ height in the same period.
The time to run 20m significantly decreased in GR
(‐11.5%, p=0.00) and GCOM (‐10%, p=0.00),
whereas remained constant in GC. The amount of
changes was similar in both GR and GCOM
groups.
Finally,
the
VO2max
increased
significantly in both GC (+3.2%, p<0.05) and
GCOM (+4.0%, p<0.01), whereas it remained
unchanged in GR group.
The detraining period resulted in an
increase in body weight (+1.6%, p<0.04) for
GCOM (Table 3), whereas remained constant for
the GR and GC groups. Body height increased
significantly for GR (+0.2%, p<0.03).
This endurance task, which occurred
immediately after the strength training session,
was developed based on an individual training

volume ‐ set to about 75% of the established
maximum aerobic volume achieved on a previous
test.
No significant changes were observed in
the 1kg and 3kg medicine ball throw gains after
the DT period in any of the experimental groups
(Table 3). Additionally, table 3 shows that all
groups had significantly lower scores in the
vertical jump height after DT period: less 23.1%
for GC (p=0.00), less 3.7% for GR (p=0.02) and less
14.3% for GCOM (p=0.00). Significant differences
were found between GC and GR as well as
between GR and GCOM groups. Both GC (+1.6%;
ns) and GR (‐3.8%; ns) didn’t change their CMSLJ
performance after the de‐training period.
However, GCOM (‐4.4%; 0.00) has reduced
CMSLJ height in the same period. The time to run
20m decreased in GC and GCOM (1.2% and 1.9%,
respectively), yet no significant differences
between groups were observed after DT.
Estimated VO2max remained unchanged after DT
period in all groups.

Table 2
Descriptive (mean ± standard deviation) characteristics of the participants during three testing trials
(M1, M2 and M3) for all groups
Variable

Group

х±

х±

х±

Body Weight (kg)

GC

51,5±11,1

53,9±12,7

GR

58,9±13,5

GCOM
Total Standing Height
(cm)

BMI (kg.m‐2)

Body Fat (%)

(M1‐M2)

(M2‐M3)

51,9±12,2

0,39

0,99

59,0±14,1

60,4±15,4

0,95

0,56

54,8±17,1

54,5±18,0

55,2±18,3

0,64

0,04

GC

156,8±6,5

158,3±6,9

158,9±6,9

0,06

0,34

GR

159,4±6,1

159,4±6,0

160,2±6,3

0,14

0,03

GCOM

157,9±8,2

158,0±7,8

158,2±7,9

0,79

0,07

GC

20,9±4,0

21,6±4,7

20,9±4,9

0,68

0,65

GR

23,0±4,1

23,0±4,5

23,2±5,4

0,35

0,62

GCOM

21,6±5,3

21,6±5,4

21,8±5,6

0,24

0,12

GC

M1

24,34±6,5

M2

24,29±7,8

M3

₮

GR

32,14±7,7

30,16±8,2

GCOM

26,79±9,9

24,23±10,4

0,01

0,79

₮

0,00

0,3

25,34±11,1

0,00

0,3

22,42±8,8
31,53±8,6

¥

х – mean; ‐ standard deviation; M1 – before training program; M2 – After training program;
M3 – After detraining period; p(M1‐M2)‐ p value for comparison between 2nd and 1st moment,
p(M2‐M3) ‐ p value for comparison between 3th and 2nd moment; GC – Control Group,
GR – resistance training group, GCOM ‐ concurrent resistance and endurance training,
₮ ‐ Significant changes between GC and GR; ‡ ‐ Significant changes between GC and GCOM;
¥ ‐ Significant changes between GR and GCOM.
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Discussion
Training period
The primary findings of the study showed
that concurrent strength and cardiovascular
training may be a positive training stimulus to
induce power strength and aerobic fitness
development and also showed an extremely
positive effect on body fat loss in adolescent
school girls. Therefore, the present results may
suggest that concurrent strength and endurance
training seems to be an effective, well‐rounded
exercise program that can be used as a means to
improve initial or general strength in healthy
school girls.

In GCOM, the magnitude of decrease
observed in BF was significantly greater (‐11.4%,
p=0.01) than that observed in GR (‐6.2%; p=0.03).
However, we did not find any change in body
weight and BMI for any group. These results
suggest a major positive effect of concurrent
strength and endurance training over body fat
loss occurs. This could be related to the fact that
aerobic exercise can contribute an increase on fat
metabolism. In fact, it is known that insulin
sensitivity increases with aerobic training and also
has an effect on glucose transportation; insulin
has an anabolic effect on fat storage in the fat cells
(Nielsen and Andersen, 2003).

Table 3
Mean ± standard deviation of CMVJ, CMSLJ, 1 and 3kg Medicine Ball Throwing,
Running Speed and VO2Max at all three testing trials (M1, M2 and M3) for each group
Variable

Group

M1
х±

1Kg Medicine ball
throwing (m)

3Kg Medicine ball
throwing (m)

Running Speed 20m (s)

VO2Max (mL.kg .min )
‐1

‐1

х±

х±

(M1‐M2) (M2‐M3)

5,91±0,83

5,76±0,57

5,57±0,52

0,29

0,23

GR

6,43±1,26

6,80±1,34₮

6,73±1,18₮

0,08

0,06

GCOM 6,14±1,00

6,67±1,16

6,69±1,18

0,00

0,78

GC

3,76±0,43

3,79±0,50
3,93±0,73

4,29±0,74

GCOM 3,89±0,64

4,25±0,73

GC

0,26±0,06

0,26±0,07

‡

‡

0,37

0,03

₮

0,01

0,23

‡

0,00

0,49

0,13

0,02

3,59±0,50
₮
‡

4,67±1,34
4,25±0,74
0,20±0,04

₮

0,25±0,06

0,27±0,07

0,26±0,06

0,01

0,02

GCOM 0,25±0,06

0,28±0,08

0,24±0,06‡

0,00

0,00

GC

1,32±0,23

1,29±0,20

1,31±0,31

0,17

0,50

GR

1,31±0,24

1, 32±0,26

1,27±0,29

0,04

0,23

GCOM 1,30±0,26

1,37±0,22

1,31±0,30

0,01

0,05

GC

4,42±0,44

4,20±0,36

4,25±0,36

0,10

0,03

GR

4,91±0,57

4,28±0,38

4,32±0,40

0,00

0,86

GCOM 4,80±0,53

4,25±0,34

4,33±0,39

0,00

0,00

GR
CM Standing Long Jump
(m)

M3

GC

GR

CM Vertical Jump (cm)

M2

GC

40,8±4,05

41,0±4,27

45,0±8,20

0,05

0,21

GR

39,2±4,29

40,7±3,98

42,0±6,84

0,13

0,58

GCOM 42,5±4,37

43,7±4,09‡¥

41,9±5,80

0,01

0,43

х – mean; ‐ standard deviation; CM – counter movement; M1 – before training program;
M2 – After training program; M3 – After detraining period;
p (M1‐M2) ‐ p value for comparison between 2nd and 1st moment,
p (M2‐M3) ‐ p value for comparison between 3th and 2nd moment;
GC – Control Group, GR – resistance training group,
GCOM ‐ concurrent resistance and endurance training,
₮ ‐ Significant changes between GC and GR;
‡ ‐ Significant changes between GC and GCOM;
¥ ‐ Significant changes between GR and GCOM.
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Insulin affects appetite regulation
through the change in substrates in the blood.
Insulin sensitivity may therefore be one of the key
mechanisms behind the association found
between body composition and fitness (Nielsen
and Andersen, 2003). Furthermore, although the
design of the training intervention of this study is
different from research conducted by Watts et al.
(2004), the current results are in agreement with
their study results. Watts et al. (2004) examined 19
obese adolescents aged 12–16 years independent
influence of 8 weeks of combined strength and
aerobic training. Here, although bodyweight and
BMI has not changed with exercise, significant
improvements in central adiposity were observed
following the 8‐week circuit‐training programme.
Moreover, the total body fat decreased
but the majority of fat tissue mass was lost from
the abdominal and trunk areas. Interestingly,
subcutaneous (skinfold) fat measures did not
change, even in these areas, suggesting that
exercise training may beneficially modify body
composition, with initial decreases in fat
predominantly occurring from the viscera.
Upper power strength (e.g. the medicine
ball throw with 1kg and 3kg), has significantly
increased in both GCOM and GR group. This data
may suggest a positive influence of strength
training on power strength performance results,
no matter with or without concurrent strength
and endurance training. Concordantly to the
upper body strength results, the power of lower
limbs revealed by the CMVJ and CMSLJ
performance has changed for both experimental
groups. To our best knowledge, very few studies
have compared the effects of different methods of
organising training workouts. For example, Sale et
al. (1990) observed that concurrent strength and
endurance training applied on separate days
produced gains superior to those produced by
concurrent training on the same day. Although
the training programs were held otherwise
constant, alternate‐day training was more
effective in producing maximal leg press strength
gains than same‐day training. This suggests that
the interference effect may also be true when the
overall frequency and/or volume of training are
higher than in this particular study. Briefly, the
results do not demonstrate the universality of the
interference effect in strength development when
strength training is performed concurrently with
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endurance training in school girls. It is difficult to
compare the results in scientific literature when
studies differ markedly in their design factors
including mode, frequency, intensity, volume of
training, and training history of subjects
(Izquierdo et al., 2010). Therefore, further research
is required to investigate these causes and identify
other possible mechanisms responsible for the
observed inhibition in strength development after
concurrent training (Watts et al., 2004).
Running speed increased significantly in
all experimental groups. These results seem to
indicate that additional endurance training does
not have an additional effect over strength
training to enhance running speed in young girls.
On the other hand, all students approached
various sports during Physical Education classes.
Although physical activity intensity can be
considered low to moderate, some sports (for
instance, soccer and basketball) elicit high
intensity performances (sprints) and low‐intensity
periods, which could have enhanced running
speed performance.
Many people rationalise that concurrent
training will give them the benefits of both
strength and endurance training (Abernethy and
Quigley, 1993). The fact that an inhibition in
strength or endurance adaptation as a
consequence of concurrent training has been
reported (Volpe et al., 1993). The present study,
however,
could
observe
a
significant
enhancement in VO2max (ml.kg‐1.min‐1) for both
GC and GCOM, suggesting that the endurance
training program component was effective to a
rising in aerobic fitness independently of the
treatment group. Our data suggest that dependent
variable selection can influence conclusions made
with respect to changes in strength and endurance
as a result of concurrent training. However,
differences in the design of concurrent training
interventions, such as mode, duration, and
intensity of training, may influence whether any
interference
in
strength
or
endurance
development is observed. Clearly, the interaction
between strength and endurance training is a
complex issue, and it may still be possible to
design specific concurrent training regimens that
can minimize or possibly avoid any interference
effects.
Detraining period
To our best knowledge, no other study

http://www.johk.pl

by Santos A. et al.
has established the effect of an 8‐week school
based endurance and strength training program
and de‐training on dynamic muscular strength
and body composition in adolescent girls,
performed additionally to the physical education
lessons. Thus, it is difficult to compare the present
relsults with other studies that have investigated
physical training cessation because they differ
markedly in a number of factors, including the
sample and the method of measurement.
The detraining period was coincided with
the summer holidays: 12 consecutive weeks. Thus,
sample subjects had no formal physical activity
(Physical Education lessons or institutional
training programs) during this period. Despite
that physical activity had decreased in an overall
view, all groups kept body composition. Only the
GCOM increased significantly in body weight
(+1.6%) but not BF. Additionally, the biggest BF
percentage loss was noticed in GCOM during the
intervention period. Therefore, we can assume
that the sustainment of BF obtained within the
training programs participation is visible for
several weeks after the programme has finished.
Regarding to CMVJ, all groups had shown a
significant loss of performance trend (p<0.02).
However, in CMSLJ only GCOM had significantly
reduced (p=0.00) performance during the de‐
training recess. This decrement is not surprising
since GCOM had a higher increase (however not
significantly different from GR) during the
training period. In speed running a significant
loss of performance was found in GC and GCOM,
but not in GR. This loss was expected as speed
running is strongly affected by the nervous
system adaptation and phosphocreatine reserves.
In the 1 and 3kg medicine ball throw distance test,
no significant changes were observed for the
experimental groups, despite an overall increase
in performance, which means a more sustained
effect of training in this power task. The control
group had the worst performance marks for both
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the 1 and 3kg medicine ball throw distance test.
Yet, only the 3kg medicine ball throw distance
test, change was significant. For both variables,
differences were found between GC and GR as
well as between GC and GCOM. Thus, power
strength gains from both training programs were
kept after a DT period of 12 weeks, as strength is
determined, among other factors, by muscular
mass. Faigenbaum et al. (1996) results show that
the 8 weeks of de‐training led to significant losses
of leg extension (‐28.1 %) and chest press (‐19.3%)
strength whereas the control group strength
scores remained relatively similar. Finally, the
VO2max (ml.kg‐1.min‐1) remained stable for all
groups, except for GCOM where a significant loss
(‐4.3%) was observed. Mujika and Padilla (2001)
found that changes are more controlled in
recently trained subjects (compared with highly
trained subjects) in the short‐term, but recently
acquired VO2max gains are completely lost after
training ceases for longer than 4 wks. Conversely,
our results show that GCOM kept VO2max gains
even after 12 wks of DT.
Overall, our results suggest that
concurrent strength and endurance school‐based
training programs seem more effective on both
strength and endurance fitness feature of age‐
school girls. In other words, our study indicates
that concurrent training is an effective, well‐
rounded exercise program that can be set up as a
means to improve initial or general strength in
healthy school girls. Moreover, performing
simultaneously strength and endurance training
in the same workout does not impair strength
development in young girls, which has important
practical relevance for the construction of strength
training in school‐based programs. The de‐
training period was not sufficient to reduce the
overall training effects. Future studies should
examine the interference effects arising from the
arrangement of strength and endurance training
exercises (e.g., endurance training before strength
training or vice versa) on strength.
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Associations Between Dry Land Strength and Power
Measurements with Swimming Performance in Elite Athletes:
a Pilot Study

by
Pedro Morouço , Henrique Neiva , Juan J. González‐Badillo4, Nuno Garrido2,5,
Daniel A. Marinho1,2, , Mário C. Marques1, 2
1,3

1,2

The main aim of the present study was to analyze the relationships between dry land strength and power
measurements with swimming performance. Ten male national level swimmers (age: 14.9 ± 0.74 years, body mass: 60.0
± 6.26 kg, height: 171.9 ± 6.26, 100 m long course front crawl performance: 59.9 ± 1.87 s) volunteered as subjects.
Height and Work were estimated for CMJ. Mean power in the propulsive phase was assessed for squat, bench press
(concentric phase) and lat pull down back. Mean force production was evaluated through 30 s maximal effort tethered
swimming in front crawl using whole body, arms only and legs only. Swimming velocity was calculated from a
maximal bout of 50 m front crawl. Height of CMJ did not correlate with any of the studied variables. There were
positive and moderate‐strong associations between the work during CMJ and mean propulsive power in squat with
tethered forces during whole body and legs only swimming. Mean propulsive power of bench press and lat pull down
presented positive and moderate‐strong relationships with mean force production in whole body and arms only.
Swimming performance is related with mean power of lat pull down back. So, lat pull down back is the most related dry
land test with swimming performance; bench press with force production in water arms only; and work during CMJ
with tethered forces legs only.
Key words: countermovement jump, squat, bench press, lat pull down back, tethered swimming

Introduction
Strength parameters have been recently
proposed as one of the multi‐factorial
phenomenon
that
enhances
swimming
performance (Tanaka et al., 1993; Barbosa et al.,
2010). Nevertheless, the assessment of specific
muscle power output of both arms and legs seems
to be underlying in swimming (Swaine et al.,
2010) as the locomotion in the aquatic
environment is highly complex, being difficult to
assess the magnitude of these forces (Morouço et
al., 2011). It has been purposed that as the
distance diminishes strength role increases, when
comparing with technical parameters (Wilke and

Madsen, 1990; Swaine, 2000; Stager and Coyle,
2005; Morouço et al., 2011). Unfortunately, results
trying to support this idea remain inconclusive
(Girold et al., 2007; Aspenes et al., 2009; Garrido et
al., 2010), and more studies are necessary to
clarify the specificity of the strength training
methods in swimmers.
Tethered swimming was proposed as a
methodology to evaluate the force a swimmer can
exert in water (Magel, 1970). In fact, several
approaches have shown its proximity with
swimming performance in short distance events
(Yeater et al., 1981; Costill et al., 1986; Christensen
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and Smith, 1987; Keskinen et al., 1989;
Fomitchenko, 1999; Dopsaj et al., 2003; Kjendlie
and Thorsvald, 2006; Morouço et al., 2011). These
findings suggest that tethered swimming might
be a useful, not expensive, not invasive, small
time consuming methodology to evaluate one
major factor (strength) influential of sprint
swimming performance; even recognizing that
the movements relative to the water are somehow
different than in a free swimming situation
(Adams et al., 1983; Maglisho and Maglisho,
1984).
There have been several studies
successfully relating the anaerobic power in dry
land with swimming velocity in front crawl
(Sharp et al., 1982; Hopper et al., 1983; Hawley et
al., 1992; Johnson et al., 1993). Yet, the relationship
between power output in dry land exercises, apart
from isokinetic methods, remains unanswered.
Actually, strength and power assessment may be
useful to understand the importance of power
output for swimming performance, and moreover
to improve training programs. This is well stated
as the movement velocity with different loads is
frequently disregarded in the practice of strength
training (Badillo and Medina, 2010). Garrido et al.
(2010) evaluated 28 young competitive swimmers
aiming to identify which dry land strength and
power tests were better associated with sprint
swimming performance. These authors presented
moderate but significant relationships between
strength/power variables with 25 and 50 m sprint
tests (0.542 <  < 0.744; p < 0.01). These results are
in accordance with previous published of Strzala
and Tyka (2009) that evaluated average power
produced by arms and legs in a dry land
ergometer. In fact, higher correlations were
reported between power and shorter distance
swam (25 m vs. 100 m). However, the specificity
of leg movements in order to produce propulsion
in water seems quite different from the
movements used in cycle ergometer (Swaine et al.,
2010). Therefore, this higher correlation in shorter
distances may be explained by the push of the
wall in the start and the turning benefit (Keskinen
et al., 2007). Thus, complementary studies relating
these parameters with force production in water
by the lower limbs are required.
To the best of our knowledge, few studies
examined the relationships between dry land
exercises parameters with tethered forces and
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swimming performance. Here, only Crowe et al.
(1999) related different strength and power
parameters with swimming performance and
tethered forces. However, these authors studied a
heterogeneous sample, with subjects of different
swimming and strength abilities, analyzing men
and women. Therefore, the main aim of the
present study was to identify what type of dry
land tests are better associated with tethered
forces and short distance swimming performance.
It was hypothesized that variables obtained
through countermovement jump, squat, bench
press, and lat pull down back, would significantly
correlate with tethered swimming force
production and short distance swimming
performance.

Material and Methods
Subjects
Ten male national level swimmers (age:
14.9 ± 0.74 years, body mass: 60.0 ± 6.26 kg, height:
171.9 ± 6.26, 100 m long course front crawl
performance: 59.9 ± 1.87 s) participating on
regular basis in regional and national level
competitions volunteered as subjects. Parents and
coaches gave their consent for the swimmers
participation in this study. All procedures were in
accordance to the Declaration of Helsinki in
respect to Human research. The Ethics Committee
of the hosting University approved the study
design. Body mass was assessed through a
bioelectric impedance analysis method (Tanita BC
420S MA, Japan). Performance index was assessed
through personal best time in 100 m freestyle long
course swimming competitions, within 2 months
prior to data collection.
In water tests
All tests were performed in a 50 m indoor
swimming pool (27.5°C of water temperature)
during the competitive period of the spring
training cycle. In day one, after a 1000 m low
intensity warm‐up, each subject performed three
repetitions of 30 s maximum front crawl tethered
swimming: first using whole‐body; second with
arms only; and third with legs only. A 30 min of
active recovery between bouts was controlled.
Subjects were wearing a belt attached to a steel
cable (sufficiently stiff that its elasticity could be
neglected). A detailed description of the
measuring device used in this study has recently
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been reported elsewhere (Morouço et al., 2011).
Preceding the data collection, subjects swam 5 s
low intensity, using limbs according to repetition.
In the second repetition, a fluctuation device
placed between the thighs and another swimmer
(instructed that legs shouldn’t be pulled), were
used to stand up the legs of the swimmer
evaluated. For the legs only test, a fluctuation
device was used in one hand, while the other
hand was kept alongside the body. The end of the
test was set through an acoustic signal. In all
repetitions, the swimmers were told to follow the
breathing pattern they would normally apply
during 50 m freestyle event. The subjects were
verbally encouraged throughout the tests,
enhancing them to maintain maximal effort over
the duration of the experiment. In day two, after a
1000 m low intensity warm‐up, each subject
performed one 50 m maximal front crawl swim
with an underwater start.
Dry land tests
All tests were performed in a gym starting
with 5 min of stationary cycling at a self‐selected
easy pace, 5 min of static stretches and joint
mobilization exercises. In day three, using a
dynamic measurement system (T‐Force System,
Ergotech, Murcia, Spain), each participant
executed n repetitions (5 min rest) in concentric
only bench press. Initial load was set at 10 kg and
was gradually increased in 10 or 5 kg increments
until mean propulsive velocity (MPV) got lower
than 0.6 m.s‐1. Following a 30 min rest with active
recovery, participants replicated the methodology
for Squat, until a MVP lower than 0.9 m.s‐1 was
obtained. A detailed description of the measuring
device used in this study has recently been
reported elsewhere (Medina and Badillo, 2011). A
smith machine was used to ensure a smooth
vertical displacement of the bar along a fixed
pathway. In day four, same equipment was used.
Each subject executed n repetitions (5‐min rest) in
lat pull down back. Initial load was set at 10 kg
and was gradually increased in 10, 5 or 2.5 kg
increments until MPV got lower than 0.6 m.s‐1.
After a 30 min rest with active recovery,
participants
carried
out
3
maximal
countermovement jumps (Ergojump, Globus,
Italy), separated by 1‐min rests.
Data analysis
Individual force to time ‐ F(t) ‐ curves of
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tethered forces were assessed and registered. As
the force vector in the tethered system presented a
small angle to the horizontal, computing the
horizontal component of force, data was
corrected. Average force values during the 30 s
test for whole‐body (avgFWb); for arms‐only
(avgFAr); and legs‐only (avgFLg) were then
calculated. The swimming velocities were
estimated according to formula v50 = 50.t‐1;
where t is the chronometric time in the test. The
height of the center of gravity in the
countermovement jump (hCMJ) was obtained
using the jump fly time. Subsequently, the work
was estimated according to formula WCMJ =
mgh; where m is the body mass (kg), g is the
gravitational acceleration (m.s‐2) and h is the
elevation of the center of gravity (m). From the
dynamic measurement system, data was stored
on disk for subsequent analysis. Mean power of
the propulsive phase was assessed for each load
(cf. figure 1) and maximum value obtained was
registered for each test: squat (MPPsq); bench
press (MPPbp) and lat pull down back (MPPlpd).
Statistical analysis
Standard statistical methods were used
for the calculation of means and standard
deviations (SD) from all dependent variables. The
Shapiro‐Wilk test was applied to determine the
nature of the data distribution. Since the reduce
sample size (N < 30) and the rejection of the null
hypothesis in the normality assessment, non‐
parametric procedures were adopted. Spearman
correlation coefficients () were calculated
between in water and dry land parameters
assessed. Significance was accepted at the p<0.05
level.

Results
The mean ± SD value for the 50 m sprint
test was 1.69 ± 0.04 m.s‐1. The mean ± SD values of
mean force production in tethered swimming
tests were 95.16 ± 11.66 N for whole body; 80.33 ±
11.58 N for arms only; and 33.63 ± 7.53 N for legs
only. The height assessed in the CMJ was 0.37 ±
0.05 m, being calculated the correspondent work
of 219.30 ± 33.16 J. The maximum mean
propulsive power in the squat, bench press and
lat pull down back were 381.76 ± 49.70 W; 221.77 ±
58.57; and 271.30 ± 47.60 W, respectively. The
Table 1 presents the correlation coefficients ()
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between swimming velocities and average force
in tethered tests with dry land variables assessed.
It was found significant associations between in
water and dry land tests. Concerning the CMJ,
work during the jump revealed to be more
associated with in water variables, than the
height. Both tests that involve the lower limbs
musculature (CMJ and squat) presented
significant relationship with force production in
water with the whole body and legs only, but not

Mean Propulsive Power (W)

400

with swimming velocity. In bench press and lat
pull down back, significant correlations were
observed with force production in water with the
whole body and arms only, and with swimming
velocity for the lat pull down back. Added to that,
in the tethered swimming tests, arms only
presented a moderate correlation with swimming
performance ( = 0.68, p = 0.03).
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Figure 1
Load‐power relationships for one representative subject, for each test.

Table 1
Correlation coefficients () between in water and dry land tests variables
Parameters
avgFWb
avgFAr
avgFLg
v50

hCMJ

WCMJ

MPPsq

MPPbp

MPPlpd

0.10

0.75

0.73

0.65

0.65

(p = 0.79)

(p = 0.01)

(p = 0.02)

(p = 0.04)

(p = 0.04)

‐0.10

0.27

0.60

0.73

0.69

(p = 0.79)

(p = 0.45)

(p = 0.07)

(p = 0.02)

(p = 0.03)

0.17

0.76

0.64

0.40

0.27

(p = 0.64)

(p = 0.01)

(p = 0.04)

(p = 0.26)

(p = 0.45)

0.04

0.33

0.36

0.60

0.68

(p = 0.92)

(p = 0.35)

(p = 0.31)

(p = 0.07)

(p = 0.03)
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Discussion
The aim of this study was to analyze the
associations between dry land and in water tests.
The mean power of the propulsive phase in the lat
pull down back was the only parameter that
correlated
significantly
with
swimming
performance. Additionally, there were significant
associations between dry land tests and force
exerted in water through tethered swimming.
Concerning in water tests, velocity and
mean force in tethered swimming seem to present
descriptive data similar to other papers in the
literature for the same age and gender (Rohrs and
Stager, 1991; Taylor et al., 2003b). As the average
force production exerted by the swimmers was
assessed in water, values were not related to body
mass, as the body weight of the body is reduced
to a few kilograms when submersed in water
(Taylor et al., 2003a). The relative contribution of
arms and legs to tethered forces in front crawl
swimming remains uncertain. In fact, Yeater et al.
(1981) stated that mean forces with arms only and
legs only are significantly lower than the whole
stroke force in the whole body swimming. In the
present study those differences are also noticeable
(p = 0.001 and p = 0.000, respectively),
nevertheless with the arms only presenting a
higher value than legs only, contradicting the
study previous referred. Even so, special attention
should be given to the role of the leg kicking
(35.34% of the whole body mean value). This data
may suggest that a greater proportion of whole
body force exerted in water might be done by
legs, corroborating the recent findings of Swaine
et al. (2010). It is also noticeable that the sum of
arms and leg tethered forces (avgFAr + avgFLg) is
higher than the whole body forces (avgFWb), but
not about the double as referred by Yeater et al.
(1981). The reason for this higher sum remains
uncertain and more studies are required.
In short activity patterns (e.g. jumping)
muscle strength plays a major role, particularly
considering its ability to develop it fast (Bencke et
al., 2002). In fact, it is assumed that there is a good
correlation between lower limb maximum
strength and maximum jump height. However,
taking into consideration that maximum force
does not represent maximum velocity, power
developed should be taken into consideration.
The CMJ height and work values are somehow
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similar to referred in literature, according to age
and gender. However, there are no values of
mean power in the propulsive phase of dry land
tests, with which to compare our results. There
were obtained higher values in squat, followed by
lat pull down and bench press.
Studies have stated the relationship
between explosive strength of leg extensor
muscles and swimming performance (Keskinen et
al., 2007; Strzala et al., 2007; Strzala and Tyka,
2009). Yet, these relationships are pointed to be
enhanced by the turning benefit (Keskinen et al.,
2007). In the present study, the importance of
lower limbs strength was consciously reduced
with the underwater start of the 50 m free
swimming test, and with a long course pool used.
Thus, both hCMJ and WCMJ did not correlate
with swimming performance. Still, WCMJ and
MPPsq presented a high correlation with force
production in tethered swimming with the legs
only, and whole body. These associations were
expected as the musculature involved in both
tests relies mainly in the lower limbs and core.
Johnson et al. (1993) have reported that
swimming power (0.84 < r < 0.88), but not dry
land measures of strength (r = 0.55) and power (r =
0.74), enhance success in freestyle swimming.
However, these authors evaluated one maximum
repetition (1RM) bench press which is more
related to maximum force than with explosive
force (Badillo and Medina, 2010). Also, in that
study the swimmer range of age was 14 ‐ 22 years.
This seems to be a heterogeneous sample,
especially when in this spectrum of ages
significant changes in somatotype occur. On the
contrary, Garrido et al. (2010) evaluating young
competitive swimmers presented a moderate but
significant correlation between 1RM bench press
and swimming performance (both 25 and 50 m
tests;  ~ ‐0.58; p < 0.01). This incongruous
investigations point out that the role of strength
and power to force production in water and,
consequently to swimming performance, remain
uncertain. Simultaneous dry land power,
swimming power and swim performance have
been previously studied. Crowe et al. (1999),
evaluated 1RM in bench press, lat pull down and
triceps press. Front crawl tethered swimming 30 s
maximal effort was measured and swimming
performance was based in 50 m and 100 m
distances. In both men and women 1RM in the
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three strength measures were significantly related
with tethered forces. Corroborating this data, in
the present study mean propulsive power appears
to play an important contribution in the tethered
swimming performance (0.65 <  <0.75). Both
bench press and lat pull down back involve
mostly the musculature of the upper body.
Therefore, it was expected that power evaluated
through these tests would relate with the force
produced by arms only in tethered swimming.
Indeed, the approach of the present study seems
to be more specific as most of the investigations
used isokinetic and isometric tests as strength
indexes (Marques et al., 2008). Thus, mean
propulsive power of the current subjects in bench
press and lat pull down back presents a high
correlation with tethered forces with arms only
(0.69 <  < 0.73; p < 0.05), and with whole body.
Regarding the swimming performance, only
MPPlpd and avgFAr presented significant
correlations with velocity. These records seem to

be in accordance with Yeater et al. (1981) and
Crowe et al. (1999), respectively. Indeed, Crowe et
al. (1999) only reported statistical relationship
between swimming performance with 1RM lat
pull down, and merely in women (r = 0.643, p <
0.05).
To the best of our knowledge, this study
was the first to assess the mean power of the
propulsive phase in three dry land tests, and to
associate this parameter with force production in
water and swimming performance. As a
conclusion, the present study revealed moderate
to high associations between dry land and in
water variables. Work during CMJ is a better
estimator of force production in water, than
height. Squat mean power is related with legs
force production in water, and bench press and lat
pull down back with arms only tethered forces.
Lat pull down back is the most associated dry
land test with swimming performance, for the
present study.
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The Effect 0f Warm‐up on Tethered Front Crawl Swimming
Forces
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34

This study was conducted to determine the effect of warm‐up on high‐intensity front crawl tethered swimming
and thus to better understand possible variations in the force exerted by the swimmers. Ten male national level
swimmers (mean ± SD; age 15.3 ± 0.95 years old, height: 1.73 ± 5.2 m, body mass: 64.3 ± 7.8 kg, Fat mass 8.31 ± 3.1
kg) participated in this study. After a typical competition warm‐up, the subjects performed a 30 s tethered swimming
all‐out effort in front crawl swimming technique. The same test was repeated in the day after but performed without
warming up. Capillary blood lactate concentration was assessed before and after the swimming test and the Borg
ratings of perceived exertion scale was used. Without a previous warm‐up, the mean ± SD values of maximum and
mean forces were 299.62 ± 77.56 N and 91.65 ± 14.70 N, respectively. These values were different (p<0.05) from the
values obtained with warm‐up (351.33 ± 81.85 N and 103.97 ± 19.11 N). Differences were also observed when
regarding to the forces relative to body mass. However, the values of lactate net concentrations after the test performed
with and without warm‐up were not different (6.27 ± 2.36 mmol∙l‐1 and 6.18 ± 2.353 mmol∙l‐1) and the same occurs
with the values of ratings of perceived exertion (15.90 ± 2.42 and 15.60 ± 2.27). These results suggest an improvement
of the maximum and mean force of the swimmer on the tethered swimming due to previous warm‐up.
Key words: evaluation, strength, performance, lactate, perceived exertion

Introduction
Warm‐up procedures before competition
or training are intended to assure benefits to
athlete’s performance (Atkinson et al., 2005;
Burnley et al., 2002) Although there are few data
available on physiological responses to the warm‐
up, these routines are well accepted and
commonly used by athletes and their coaches
(Bishop, 2003). For example, the mechanisms
related to the raise of core and muscle
temperature seem to be of great importance for
the proposed effects of warming‐up before
physical activity (Asmussen and Boje, 1945).
Temperature might improve performance by
decreasing the viscous resistance of muscles and
joints (Wright and Johns, 1961; Cavagna, 1993),
increasing of nerve conduction rate and speeding
of metabolic reactions, such as the muscle

glycogenolysis, glycolysis and high energy
phosphate degradation (Febbraio et al., 1996).
This temperature rise, due to the warming‐up
routines performed, might also contribute to
increase the oxygen delivery to the muscles, via a
rightward
shift
in
the
oxyhaemoglobin
dissociation curve and vasodilatation of muscle
blood vessels (McCutheon et al., 1999). Beyond
this temperature‐related mechanism, warm‐up
seems to allow the athletes to begin subsequent
tasks with an elevated baseline of VO2, leaving
more anaerobic capacity for later in the task
(Febraio et al., 1996). Post activation potentiation
(Sale, 2002) is also presented to be responsible for
a
better performance after warming‐up
procedures.
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Despite there were several studies
demonstrating improvements in performance
after warming‐up (Andzel, 1982; Asmussen and
Boje, 1945; Atkinson et al., 2005; Burnley et al.,
2002), there were others reporting no changes or
even detrimental changes in performance
(Andzel, 1982; Bruyn‐Prevost and Lefebvre, 1980;
Mitchell and Huston, 1993; Bishop et al., 2001).
Thus, there is still some inconsistency in this
matter, and more studies are needed to further
determine
the
importance
of
warm‐up
procedures, their effect in performance or even
their optimal structure, especially in each sport
specificity (Fradkin et al., 2010). Possibly, because
of the particular environment, swimming warm‐
up related studies are very scarce.
The main aim of the swimmers is to
perform a prescribed distance in the shortest time
possible, according to the rules established. In this
way, the force produced by the swimmer, needed
to overcome drag and to increase the swimming
velocity, seems to be extremely relevant (Smith et
al., 2002; Marinho et al., 2010). This force can be
evaluated by dry‐land strength and power tests
(Garrido et al., 2010). However, the tethered
swimming is proposed to specifically assess its
interaction with swimming technique (Keskinen,
1994). Full or partial tethered swimming has been
recognized as a useful tool to measure the force
exerted by a swimmer (Magel, 1970; Yeater et al.,
1981; Costill et al., 1986; Filho and Denadai, 2008).
This method was firstly introduced by Magel
(1970), who evaluated the four swimming
techniques and suggested breaststroke to have the
highest values of force production. Used as an
adaptation of the Wingate test (Stager and Coyle,
2005), the tethered swimming can be performed in
water as a more specific ergometer. The swimmer
is connected to the wall by an elastically (partial
tethered) or non‐elastic cable (full tethered) and
produces a maximal effort, using an apparatus
that measures the force produced as a biokinetic
bench (Costill et al., 1983) or a strain gauges
system (Morouço et al., 2011). This is a specific
test for swimmer´s anaerobic evaluation and has
been pointed as a measurement of maximum
propulsive force that corresponds to the resultant
force needed to overcome the resistance at
maximum swimming velocity (Clarys, 1979;
Keskinen, 1994).
Therefore, the aim of the current study

was to compare the force exerted by the swimmer
during tethered swimming with and without
warming‐up and to understand the effects of
warm‐up in the propulsive force produced by the
swimmer.

Material and Methods
Subjects
Ten male swimmers (mean ± SD; age 15.3
± 0.95 years‐old, height: 1.73 ± 5.2 m, body mass:
64.3 ± 7.8 kg, fat mass 8.31 ± 3.1 kg) participated in
this study. Body mass and fat mass were assessed
through a bioelectric impedance analysis method
(Tanita BC 420S MA, Japan). Their training
experience was of 7.2 ± 1.1 years, training from 6
to 9 times a week and all of them are national
level swimmers, participating in National
Championships. The participants’ parents and
coaches provided written informed consent to
participate in this research, and the procedures
were approved by the institutional review board.
Testing procedures
The experiments were performed in a 50
m indoor swimming pool at a water temperature
of 27.5ºC. The data collection was implemented
one week after the main competition (National
Championships) of the season second macrocycle.
Swimmers were involved in two similar protocols
of tethered front crawl swimming, one executed
with a previous warm‐up, and another without
warm‐up procedures. The warm‐up procedures
(dry and in‐water) consisted of their typical
warm‐up frequently performed before a
competitive swimming event (total volume: 1000
m). After 10 min rest, the tethered swimming
protocol was implemented. One day after, the
same protocol was repeated, but without
warming up. The swimmers were wearing a belt
attached to a steel cable (negligible elasticity). As
the force vector in the tethered system presented a
small angle to the horizontal, computing the
horizontal component of force, data was
corrected. A load‐cell system connected to the
cable was used as a measuring device, recording
at 100 Hz with a measure capacity of 5000 N. The
data obtained was transferred by a Globus
Ergometer data acquisition system (Globus, Italy)
that exported the data in ASCII format to a
computer. Individual force to time F (t) curves
were assessed and registered to obtain maximum
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force (Fmax, the highest value of force produced
in first 10 s) absolute and relative values and;
mean force (Fmean – average force values during
the 30s test) absolute and relative values. The test
started after an acoustic signal, with the
swimmers in a horizontal position, with the cable
fully extended. The data collection started after
the first stroke cycle to avoid the inertial effect of
the cable extension after the first propulsion.
The swimmers swam as natural as
possible during 30 s, at maximum intensity.
Additionally, capillary blood samples were
collected from the fingertip before and after each
tethered swimming (at the 1st and 3rd min of
recovery) to access the higher values of blood
lactate
concentration
([La‐])
(Accutrend
®
Lactate Roche, Germany). The values of [La‐]net
were determined by the difference between [La‐]
after the test and the resting values. The Borg
(1998) ratings of perceived exertion (RPE) scale
was used to quantify exercise level of exertion
after each test.

Statistics
Standard statistical methods were used
for calculation of means and standard deviations.
Normality was determined by Shapiro‐Wilk test.
Since, the very low value of the N (i.e., N < 30)
and the rejection of the null hypothesis (H0) in the
normality assessment, non‐parametric procedures
were adopted. In order to compare the data
obtained with and without warm‐up, non‐
parametric Wilcoxon signed rank test was used.
Differences were considered significant for p ≤
0.05.

Results
Table 1 presents the mean ± SD values
for the tethered absolute variables, namely the
maximum force and mean force. Significant
differences were evident for the data obtained on
tethered front crawl swimming test after warm‐up
and without warm‐up. The warm‐up condition
presented higher values.

Table 1
Mean ± SD values of maximum (Fmax) and mean forces (Fmean) exerted during the tethered swimming test.
P‐values are presented
No warm‐up
Warm‐up
p values
Fmax (N)
299.62 ± 77.56
351.33 ± 81.85
p = 0.009

N·kg-1

Fmean (N)

91.65 ± 14.70

6,5
6
5,5
5
4,5
4
3,5
3
2,5
2
1,5
1
0,5
0

103.97 ± 19.11

p = 0.005

*
Fmax
Fmean

*
No warm-up

Warm up

Figure 1
Mean ± SD values of maximum (Fmax) and mean forces (Fmean) relative to the weight of the swimmers,
exerted during tethered swimming test. * Represents significant differences (p ≤ 0.01) between
tests performed without warm‐up and with warm‐up.
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Table 2
Ratings of perceived exertion scale (RPE) (mean ± SD) and difference between pre and post blood
lactate concentration values ([La‐]net) ( mean ±SD). P‐values are also presented
RPE
[La‐]net (mmol∙l‐1)

No warm‐up
15.90 ± 2.42
6.27 ± 2.36

Figure 1 presents relative values of the
maximum and mean forces in both conditions.
The body mass of the swimmers were used to
determinate these relative forces, and the graphic
demonstrates the differences between the values
obtained (4.61 ± 0.63 N∙kg‐1 and 5.44 ± 0.77 N∙kg‐1,
for Fmax without and with warm‐up; 1.42 ± 0.12
N∙kg‐1 and 1.61± 0.13 N∙kg‐1 for Fmean without
and with warm‐up, respectively).
Additionally, table 2 presents the mean ± SD
values of the ratings of perceived exertion scale
and the values of blood lactate concentration
attained after the swimming test in both
conditions.

Discussion
The aim of this research was to investigate
the effect of the warm‐up in the force exerted on
the tethered front crawl swimming in high‐level
swimmers. Main results suggest an improvement
of the maximum and mean force of the swimmer
on the tethered swimming due to previous warm‐
up.
In a broad sense, warm‐up is used to increase
muscle and tendon mobility, to stimulate blood
flow, to increase muscle temperature and to
improve coordination (Smith, 2004). Although the
great importance placed in warm‐up procedures
by coaches and their athletes, it is a fact that their
effects or even their ideal structure or type, are
not well‐known. Specifically in swimming, the
literature is very scarce on this matter and uses
different methodologies, which makes difficult
the comparison between results and emphasizes
the need for more researching (Fradkin et al.,
2010).
The tethered swimming is a methodology
that allows obtaining data information related
with propulsive force that swimmers can exert in
their specific environment. The procedures used
provide a continued measurement and recording

Warm‐up
15.60 ± 2.27
6.18 ± 2.35

p values
p = 0.496
p = 0.767

of propelling force exerted during swimming
(Mouroço et al., 2011). The Fmax absolute values
obtained for front crawl were higher than those
presented by the specialized literature. These
differences could be due to different methodology
used (Keskinen, 1997) or even because our sample
contained subjects from only one gender
(Morouço et al., 2011). Higher values of Fmax
relative, Fmean absolute and relative were also
observed when comparing to the results obtained
by Morouço et al. (2011). Considering the data
presented by the previous authors, Fmean
absolute value without warm‐up was the only
value of force of the current study that is similar
to the literature (92.8 ± 33.7 N). Moreover, it is
important to notice that the values of force
obtained (absolute and relative) were higher
when the swimmers performed a previous warm‐
up as they usually do before swimming events.
When warming‐up before the tethered front crawl
swimming, swimmers exerted 14.72 ± 0.13%
additional maximum force and 11.52 ± 0.05%
additional mean force than with no warming‐up
(Fig. 1). These results reveal the positive effect of
warm‐up procedures on the propulsive forces
(maximum and mean values) produced by the
swimmers, suggesting the high importance of
these warm‐up routines.
Regarding to the ratings of perceived
exertion scale, there were no differences between
the two conditions of the test in the present
research. This indicator is an important
complement to physiological measurements,
presenting strong relationships with some of these
parameters. It is a measure used to quantify,
monitor and assess an individual’s exercise level
of exertion (Borg, 1998). Despite there were no
significant differences between the effort made
with and without a previous warm‐up, the
average value of RPE obtained without warm‐up
appeared to be slightly higher. This suggests a
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tendency of a superior perceived effort by the
swimmers when performing the tethered test in
this condition. However, more research is needed
to clarify this parameter.
The warm‐up is proposed to maintain the
acid‐base balance at an appropriate level by
stimulating the buffering capacity (Beedle et al.,
2007; Mandegue et al., 2005). Poprzecki et al.
(2007) presented differences in [La‐] values
between the Wingate test performed with and
without previous warm‐up. Despite this result, in
the present study the values of [La‐]net obtained
after the tethered swimming revealed no
differences between the two conditions (no warm‐
up vs. warm‐up). [La‐] values had been
commonly used to estimate the anaerobic capacity
of the athlete and the contribution of the
glycolytic metabolism to exercise (di Prampero et
al., 1999). Considering that the values of resting
[La‐] were removed to the data presented, [La‐]net
values obtained confirmed the high anaerobic
contribution to perform this 30 s tethered front
crawl swimming test.
To the best of our knowledge, this study
was the first to compare the forces exerted by the

swimmers in their specific environment with and
without a previous warm‐up. The measurements
of force production exerted in the water are a
reliable method to evaluate the capacity of the
swimmer to use muscular strength in effectively
propulsive force (Costill et al., 1986). Moreover,
although tethered swimming is different from free
swimming, it seems to be a better methodology to
estimate propelling forces than dry‐land testing
protocols, based on the significant correlation
between average maximum force and swimming
velocity (Keskinen, 1997).
In conclusion, the present study revealed
that the warm‐up seems to improve the maximum
and mean propelling forces of the swimmer in
front crawl swimming technique, registering no
differences in the [La‐]net values and in the
ratings of perceived exertion. The high
relationships between the 30 s tethered swimming
test and swimming performance (Morouço et al.,
2011) lead us to hypothesize a positive effect of
the warm‐up in performance. Nevertheless,
further research is needed to continue exploring
this important scope in sports performance that
remains controversial and relatively unknown.
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