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ABSTRACT

Santos, AP, Marinho, DA, Costa, AM, Izquierdo, M, and

Marques, MC. The effects of concurrent resistance and

endurance training follow a detraining period in elementary

school students. J Strength Cond Res 26(6): 1708–1716,

2012—The purpose of this study was to compare the effects of

an 8-week training period of resistance training alone (GR),

or combined resistance and endurance training (GCOM),

followed by 12 weeks of detraining (DT) on body composition,

explosive strength, and _VO2max adaptations in a large sample of

adolescent school boys. Forty-two healthy boys recruited from

a Portuguese public high school (age: 13.3 6 1.04 years) were

assigned to 2 experimental groups to train twice a week for 8

weeks: GR (n = 15), GCOM (n = 15), and a control group (GC:

n = 12; no training program). Significant training-induced

differences were observed in 1- 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 the height and length of

the countermovement (vertical-and-horizontal) jumps were

observed in both the experimental groups. No differences

were perceived after a DT period in lower limb power. Time at

20 m decreased significantly for both intervention programs

(GR: 211.5% and GCOM: 212,4%, ,0.00), but either GR or

GCOM groups kept the running speed after a DT period of

12 weeks. After training, the _VO2max increased only signifi-

cantly for GCOM (4.6%, p = 0.01). A significant loss was

observed after a DT period in GR but not in GCOM. Performing

resistance and endurance training in the same workout does

not impair strength development in young school boys. As

expected, strength training by itself does not improve aerobic

capacity. Our results also suggest that training program effects

even persist at the end of the DT period.

KEY WORDS youth, strength, cardiorespiratory, schooling

pupils, experimental, program recess

INTRODUCTION

T
here is strong evidence that school-based inter-
ventions are effective in promoting physical activity
levels (4,5,8,25,28,29,31) by implementing well-
designed fitness programs (26,32,33,34,36). Al-

though the majority of the pediatric research has focused
on activities that enhance cardiorespiratory fitness, recent
findings indicate that resistance training can offer unique
benefits to children and adolescents when appropriately
prescribed and supervised (2,4,13,23). Indeed, improvements
in muscular fitness and speed and agility, rather than
cardiorespiratory fitness, seem to have a positive effect on
skeletal health (13,24). Furthermore, children and adolescents
involved in physical education classes often perform strength
and endurance training concurrently in an effort to achieve
specific adaptations to both forms of training (5,12,21,29). On
this issue, the scientific literature has produced inconclusive
results. Some studies have shown that concurrent training
impairs the development of strength and power but does not
affect the development of aerobic condition when compared
with both form of stand-alone training. Some researchers have
reported that concurrent training has an inhibitory effect on
the development of strength and endurance (5,9,14). For
example, the addition of heavy resistance training to specific
team handball training skills in adolescent boys resulted in
gains in maximal strength and throwing velocity, but it may
have compromised gains in the production of explosive force
in the leg and endurance running (10). Yet, the precise
mechanisms that underlie the observed impairments in
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training adaptation during concurrent training have to be
identified (20,21,37).

Differently, in adults, concurrent training produces better
strength and endurance results rather than if each strength or
endurance training method is performed separately (1). In this
line, physical education classes demand a balance between
strength and endurance, and it seems important to training
both capacities concurrently. Nevertheless, the effects of
concurrent resistance and endurance training in elementary
school untrained male students are yet to be investigated.

Interruptions in the training process because of illness,
injury, holidays, postseason break, or other factors are normal
in any kind of sport (2,3,6) and also in the school context. The
magnitude of this reduction may depend upon the length of
the detraining (DT) period in addition to the training levels
attained by the subject (20). Nevertheless, the DT period and
its consequences are not well reported in sports literature and
during puberty. This is important because the period of
strength training cessation can produce a positive delay
transformation rebound in sports-specific performance (9),
which is determinant on school performance evaluation of
the student.

The established hypothesis put forward in this article is that
young teenage boys can significantly increase parameters of
power strength (speed, jump, and throws) performances by
combining physical education classes with specific training
programs over a consecutive 8-week period. We also
hypothesized that concurrent resistance and endurance
training would have a main positive effect on power strength
development of untrained school boys compared with those
found when power training was applied alone. Additionally,
a 12-week DT period during the summer holidays may not
produce significant decreases in physical performance, in both
power training group and concurrent power and endurance
training group, although endurance training groups would
keep some strength gains after training cessation.

Therefore, the purpose of this study was twofold: (a) to
analyze the effects of power training alone and combined
power and endurance training on body composition, power
strength, and endurance training on a large sample of healthy
school boys and (b) to assess the effects of a DT period on
strength, power, and endurance performances and in body
composition.

METHODS

Experimental Approach to the Problem

Forty-two healthy boys recruited from a Portuguese public
high school were randomly assigned to 2 experimental groups
(8-week training program, twice a week, from April 12 to June
4, 2010) and 1 control group as follows: 1 group performing
power training only (GR: n = 15); another group performing
combined power strength and endurance training (GCOM:
n = 15); and the third was the control group (GC: n = 12;
without a training program). All the sample subjects attended
physical education classes twice a week, with a duration of

45 and 90 minutes each class, respectively. Typical physical
education classes included various sports (gymnastics, team
sports, athletics, dancing, and adventure sports, among
others) with a clear pedagogical focus. As such, according
to other researchers (30), the physical activity intensity is
considered low to moderate. The participants in all the
groups were asked to maintain normal eating and physical
activity patterns over the duration of the study. This
procedure was the same as that of Lubans et al. (18).
Usually, these classes start with a jogging run for 10 minutes
to general warm-up and proceed to joint mobilization and
general stretches. After that, the class is divided into 2 or 3
proficiency level groups to start the main activities and sports
of the class, which can be a drill or a game organized in small
groups. In Portugal, a physical education class has a set of
45 minutes and another of 90 minutes twice a week.

The training program was implemented additionally to
physical education classes in the same outdoor sportive
facility. After a 10-minute warm-up period, both experimental
groups were submitted to a power strength training program
composed of 1- and 3-kg medicine balls throws performed
as long and fast as possible; jumps onto a box (from 0.4 to
0.6 m of height), plyometric jumps .0.4–0.6 m of height
hurdle (only 1 foot touch on the floor among hurdles), and
sets of 30- to 40-m speed running. To the GCOM group was
complementarily administered a 20-m shuttle run training
exercise (15), which occurred immediately after the power
strength training session. This endurance task was developed
based on an individual training volume set to about 75% of
the established maximum aerobic volume achieved in
a previous test. After 4 weeks of training, the GCOM
subjects were reassessed using 20-m shuttle run test to
readjust the volume and intensity of the 20-m shuttle run
exercise. Both GR and GCOM trained on the same day of
the week (with 2/3 days between training sessions) and at the
same morning hour. The subjects were encouraged to
hydrate before and at the middle of a training session. All the
participants were familiarized with power training drills
(sprints, jumps, and ball throws) and with the 20-m shuttle
run protocol. Throughout the preexperimental and experi-
mental periods, the subjects reported their noninvolvement
in additional regular exercise programs for developing or
maintaining strength and endurance performance besides
institutional regular physical education classes. A more
detailed analysis of the program can be found in Table 1.

Sample groups were assessed for upper and lower body
explosive strength (overhead medicine ball throwing and
countermovement horizontal and vertical jumps, respec-
tively), running speed (20-m sprint run), and _VO2max (20-m
shuttle run test) before and after 8 weeks of the training
program. To evaluate the DT effects, all the individuals were
reassessed 12 weeks after training had stopped. The DT
period coincided with the summer holidays. Throughout this
period, the subjects reported their noninvolvement in regular
exercise programs for developing or maintaining strength

VOLUME 26 | NUMBER 6 | JUNE 2012 | 1709

Journal of Strength and Conditioning Research
the TM

| www.nsca-jscr.org

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.



and endurance performance. The testing assessment proce-
dures were always conducted in the same indoor environ-
ment, at the same daily and weekly schedule (from March to
September 2010). Each subject was familiarized with the
power training tests (sprints, jumps, and ball throws) and
with the 20-m shuttle run test. All data collection was
performed by the same investigator and after a general warm-
up of 10 minutes.

Subjects

A sample of 42 healthy boys recruited from a Portuguese
public high school (from seventh and ninth grades) was used
in this study. To fulfill the ethical procedures of the Helsinki
statement, an informed consent was obtained before all
testing adolescents’ parents. Efforts were made to recruit
subjects for making comparable groups. Maturity level based
on Tanner stages (5) was self-assessed. There were no

significant differences (p . 0.05) between groups for age or
Tanner ratings, either in anthropometrics or performance
variables at the beginning of the protocol. No subject had
regularly participated in any form of strength training before
this experiment. The following exclusion criteria were used:
subjects with a chronic pediatric disease or with an
orthopedic limitation.

Testing Procedures

Anthropometric Assessment. Total height (meters) was assessed
according to international standards for anthropometric
assessment (19), with a Seca 264 Stadiometer (Hamburg,
Germany). Body composition variables were assessed using
a Tanita body composition analyzer; model TBF-300 (Tanita
Corporation of America, Inc., Arlington Heights, IL, USA)
with a ratio of 1–75%. These parameters were assessed before

TABLE 1. Training program design.*†

Sessions

Exercises

1 2 3 4 5 6

Chest 1-kg medicine ball throw‡§ 2 3 8 2 3 8 2 3 8 2 3 8 6 3 8 6 3 8
Chest 3-kg medicine ball throw‡§ 2 3 8 2 3 8 2 3 8 2 3 8
Overhead 1-kg medicine ball throw‡§ 2 3 8 2 3 8 2 3 8 2 3 8 6 3 8 6 3 8
Overhead 3-kg medicine ball throw‡§ 2 3 8 2 3 8 2 3 8 2 3 8
CMJ onto a box‡§ 1 3 5 1 3 5 3 3 5 3 3 5 3 3 5 4 3 5
Plyometric jumps .3 hurdling‡§ 5 3 4 5 3 4 5 3 4 5 3 4 2 3 3 2 3 3
Sprint running (m)‡§ 4 3 20 4 3 20 3 3 20 3 3 20 3 3 20 3 3 20
20-m Shuttle run (MAV) (%)§ 75 75 75 75 75 75

7 8 9 10 11 12
Chest 1-kg medicine ball throw‡§
Chest 3-kg medicine ball throw‡§ 2 3 5 2 3 5 3 3 5 3 3 5 3 3 5 2 3 5
Overhead 1-kg medicine ball throw‡§
Overhead 3-kg medicine ball throw‡§ 2 3 8 2 3 8 3 3 8 3 3 8 3 3 8
CMJ onto a box‡§ 4 3 5 5 3 5 5 3 5 5 3 5 5 3 5 4 3 5
Plyometric jumps .3 hurdling‡§ 3 3 3 4 3 3 4 3 3 4 3 3 4 3 3
Sprint running (m)‡§ 4 3 30 4 3 30 4 3 30 4 3 30 4 3 30 3 3 40
20-m Shuttle run (MAV)§ 75% Test M 75% 75% 75% 75%

13 14 15 16
Chest 1-kg medicine ball throw‡§
Chest 3-kg medicine ball throw‡§ 2 3 5 1 3 5
Overhead 1-kg medicine ball throw‡§ 3 3 8 2 3 8 2 3 8
Overhead 3-kg medicine ball throw‡§ 3 3 8
CMJ onto a box‡§ 4 3 5 2 3 5 2 3 4 2 3 4
Plyometric jumps .3 hurdling‡§ 4 3 3 3 3 3
Sprint running (m)‡§ 3 3 40 4 3 40 2 3 30 2 3 30
20-m Shuttle run (MAV) (%)§ 75 75 75 75

*CMJ = countermovement jump; MAV = maximum individual aerobic volume; GCOM = concurrent resistance and endurance
training; GR = power strength training protocol.

†Medicine ball throwing and jump onto a box the first number corresponds to sets and the second corresponds to repetitions. For
sprint running, the first number corresponds to sets and the second corresponds to the distance to run. For the 20-m shuttle run training,
each girl ran each session (until test M) 75% of the maximum individual aerobic volume performed on the pretest and after this test M
moment until the program end, ran 75% of the maximum individual aerobic volume performed on test M.

‡GR.
§GCOM.
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any physical performance test. The subjects were measured
when they were wearing shorts and t-shirts (shoes and socks
were asked to be removed).

Overhead Medicine Ball Throwing. An overhead medicine ball
throw test was used to evaluate the upper body ability to
generate muscular actions at a high rate of speed. Before
baseline tests, each subject underwent one familiarization
session and was counseled on proper overhead throwing with
different weighted balls. Pretests, posttests, and DT measure-
ments were conducted on maximal throwing velocity using
medicine balls (Bhalla International, Vinex Sports, Meerut,
India) weighing 1 kg (Vinex, model VMB-001R, perimeter
0.72 m) and 3 kg (Vinex, model VMB-003R, perimeter
0.78 m). A general warm-up period of 10 minutes, which
included throwing the 1- and 3-kg weighted balls, was
allowed. While standing, the subjects held medicine balls with
1 and 3 kg in both hands in front of the body with arms
extended. The students were instructed to throw the ball over
their heads as far and fast as possible. A countermovement
was allowed during the action. One minute of rest among
5 trials was given. Only the best throw was considered
for analysis. The ball throwing distance was recorded to
the closest centimeter as proposed by van Den Tillaar
and Marques (35). This was possible because polyvinyl
chloride medicine balls were used and when these fall on the
copolymer polypropylene floor, a visible mark was made.
The ICC of data for 1- and 3-kg medicine ball throwing was
0.97 and 0.99, respectively.

Countermovement Vertical Jump. To monitor the effectiveness of
an athlete’s conditioning program, the standing vertical jump
test of leg power was used. The vertical jump test was
conducted on a contact mat connected to an electronic power
timer, control box, and handset (Globus Ergojump, Codogné,
Italy). From a standing position, with the feet shoulder width
apart and the hands placed on the pelvic girth, the boys
performed a countermovement with the legs before jumping.
Such movement makes use of the stretch-shorten cycle, in
which the muscles are prestretched before shortening in the
desired direction (17). They were informed that they should
try to jump vertically as high as possible. Each participant
performed 3 jumps with a 1-minute recovery between
attempts. The highest jump (centimeters) was recorded.
The countermovement vertical jump (CMVJ) showed an
ICC of 0.95.

Countermovement Standing Long Jump. In a standing long
jump, the jumper aimed to project his body for a maximum
horizontal distance beyond the take-off line. The jumper
started from a static standing position with feet shoulder
width apart and then generated a large take-off speed by using
a countermovement coupled with the hands placed on the
pelvic girth and a double-leg take-off. The take-off is
characterized by a large forward lean of the body, and during
the flight phase, the jumper swings the legs forward
underneath the body in preparation for landing. The jumper
landed with a prominent forward lean of the trunk and
with the feet extended well ahead of the hips. To be credited
with a successful jump, the jumper must retain balance

TABLE 2. Descriptive (mean 6 SD) characteristics of the participants during 3 testing trials (M1, M2, and M3) for all the
groups.*

Variable Group

x 6 s p Value

M1 M3 M3 (M1–M2) (M2–M3)

Body weight (kg) GC 56.5 6 11.2 56.9 6 11.0 56.8 6 4.9 0.22 0.14
GR 59.2 6 16.2 58.3 6 16.0 58.9 6 16.7 0.11 0.28
GCOM 51.4 6 8.2 51.3 6 8.2 50.8 6 7.3 0.85 0.03

Total standing height (cm) GC 163.8 6 9.9 164.5 6 9.8 167.1 6 9.7 0.06 0.08
GR 161.8 6 12.2 163.6 6 11.5 163.9 6 11.8 0.00 0.00
GCOM 159.5 6 8.1 160.2 6 8.0 161.3 6 7.9 0.09 0.01

BMI (kg�m22) GC 21.0 6 3.4 21.0 6 3.6 20.6 6 3.0 0.74 0.17
GR 22.3 6 4.6 21.6 6 4.7 22.0 6 5.0 0.00 0.26
GCOM 20.1 6 2.1 19.9 6 2.3 20.3 6 2.7 0.22 0.22

Body fat (%) GC 15.0 6 6.4 14.1 6 7.1 12.8 6 6.6 0.11 0.74
GR 18.2 6 9.2 15.8 6 8.4 17.0 6 8.6 0.00 0.36
GCOM 14.5 6 4.6 12.7 6 4.6 12.5 6 4.6 0.00 0.75

*x = mean; s = SD; M1 = before training program; M2 = after training program; M3 = after the detraining; period; p(M1–M2) = p
value for comparison between the second and first moments; p(M2–M3) = p value for the comparison between the third and second
moments; GC = control group; GR = resistance training group; GCOM = concurrent resistance and endurance training.
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after landing and not fall backward into the pit. A standing
long jump performance was quantified by the total jump
distance, which is the distance from the take-off line to the
nearest break in the landing area made by the heels at landing
(38). A fiberglass tape measure (Vinex, MST-50M) was
extended across the floor and used to measure horizontal
distance. Each participant completed 3 trials with a 1-minute
recovery between trials using a standardized jumping
protocol to reduce interindividual variability. The greatest
distance (centimeters) of the 2 jumps was taken as the test
score. The CM standing long jump (CMSLJ) showed an
ICC of 0.96.

Sprint Running. This test was performed in an indoor school
physical education facility with a copolymer polypropylene
floor; the subjects wore adapted indoor shoes. The time to run
20 m was obtained using photocells (Brower Timing System,
Fairlee, VT, USA). The time to run the distance was recorded
using a digital and automatic chronometer commanded by
the cell pad and a pair of photocells positioned above the
20-m line. At the start moment, each subject trod the cell pad
using their right hand with the time being recorded from
when the subjects intercepted the photocell beam. All the
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 taken to cover the 20-m
distance in the sprint test was used in data analysis. A rest
period of 10 minutes among attempts was accomplished. The
sprint running (time) showed an ICC of 0.97.

Twenty-Meters Shuttle Run. This test involves continuous
running between 2 lines (20 m apart in time) to recorded beeps.
The time between recorded beeps decreased each minute
(level). We used the common version with an initial running
velocity of 8.5 km�h21 and increments of 0.5 km�h21 each
minute (15). Estimated _VO2max (milliliters per kilogram per
minute) was calculated by using Léger’s equation (15), which
is based on the level and number of shuttles reached before the
boys were unable to keep up with the audio recording. The
20-m shuttle run test showed an ICC of 0.96.

Statistical Analyses

Standard statistical methods were used for the calculation of
the means and SDs (x 6 s). One-way analysis of variance
(ANOVA) was used to determine any differences among
the 3 groups’ initial power strength, running speed,
endurance, and anthropometry. The training related effects

TABLE 3. Mean 6 SD of CMVJ, CMSLJ, 1- and 3-kg medicine ball throwing, running speed, and _VO2max in all the 3 testing
trials (M1, M2, and M3) for each group.*

Group

x 6 s p Value

M1 M2 M3 (M1–M2) (M2–M3)

CM vertical jump (cm) GC 0.288 6 0.07 0.317 6 0.07 0.317 6 0.09 0.15 0.71
GR 0.293 6 0.07 0.306 6 0.07 0.277 6 0.08 0.04† 0.14
GCOM 0.298 6 0.08 0.316 6 0.09 0.295 6 0.10 0.02† 0.37

CM standing long jump (m) GC 1.70 6 0.37 1.63 6 0.33 1.62 6 0.51 0.26 0.72
GR 1.49 6 0.27 1.56 6 0.30 1.47 6 0.36 0.00† 0.17
GCOM 1.67 6 0.31 1.74 6 0.32 1.54 6 0.43 0.00† 0.12

1-kg Medicine ball throwing (m) GC 8.23 6 1.47 8.31 6 1.71 8.89 6 1.75 0.08 0.11
GR 7.50 6 1.70 8.15 6 1.62 8.13 6 1.45 0.00† 0.31
GCOM 7.26 6 1.60 7.59 6 1.73 7.71 6 2.27 0.04† 0.37

3-kg Medicine ball throwing (m) GC 5.02 6 0.91 5.01 6 1.19 5.35 6 1.30 0.10 0.15
GR 4.66 6 0.98 5.12 6 1.08 5.10 6 0.99 0.00† 0.29
GCOM 4.60 6 1.12 5.11 6 1.17 5.03 6 1.25 0.04† 0.97

Running speed 20 m (s) GC 4.13 6 0.55 4.12 6 0.48 3.52 6 0.49 0.95 0.12
GR 4.54 6 0.49 4.05 6 0.42‡ 4.04 6 0.36 0.00† 0.43
GCOM 4.38 6 0.59 3.81 6 0.28 3.83 6 0.50 0.00† 0.93

_VO2max (ml�kg21�min21) GC 48.5 6 5.3 47.4 6 5.5 44.4 6 8.1 0.67 0.52
GR 45.2 6 6.4 46.8 6 6.5 42.1 6 5.2 0.10 0.04†
GCOM 49.1 6 6.7 51.2 6 6.7 51.7 6 6.6 0.01† 0.83

*x = mean; s = SD; CM = countermovement; M1 = before training program; M2 = after training program; M3 = after the detraining
period; p(M1–M2) = p value for comparison between the second and first moments; p(M2–M3) = p value for comparison between third
and second moments; GC = control group; GR = resistance training group; GCOM = concurrent resistance and endurance training;
CMVJ = countermovement vertical jump.

‡Significant changes between moments.
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were assessed using a 2-way ANOVA with repeated measures
(groups 3 moment). Selected absolute changes in each
moment were analyzed via the -way ANOVA. The p # 0.05
criterion was used for establishing statistical significance.

RESULTS

There were no significant differences (p . 0.05) between
groups for age or Tanner stages, in either anthropometrics
or performance variables at the beginning of the protocol
(p . 0.05). Body fat (BF) decreased significantly (p = 0.00)
from the pretraining to the posttraining period in both the
GR and GCOM groups (Table 2); however, no significant
differences were found between groups. No significant
changes were observed for the total standing height, body
weight, and body mass index (BMI) in both GC and GCOM
groups. The GR significantly changed in height (+1.2%,
p = 0.004), BMI (20.4%, p = 0.00), and BF (210%, p = 0.00),
whereas GCOM only decreased in BF but was not
significantly different from GR. From the pretraining to
the posttraining period, no differences were observed
between experimental groups for performance variables,
that is, the subjects from the GCOM group did not take
advantage of the subjects from the GR group in jumps,
running speed, and balls throw tests. However, _VO2max
increased significantly in the GCOM (+4.6%, p , 0.01), but
it remained unchanged in both the GC and GR groups. The
magnitude of changes in the 1- and 3-kg ball throw distance,
height in CMVJ, length in CMSLJ, and time to run 20 m was
similar in both the GR and GCOM groups (Table 3).

The DT period resulted in decreased body weight (22.7%,
p = 0.03) for GCOM (Table 2), whereas it remained constant
for the GR and GC groups. Body height increased significantly
for GR (+0.6%, p = 0.00) and GCOM (+0.7%, p = 0.01). No
significant changes were observed in the BMI from the
posttraining to the DT period in any group. No significant
changes were observed in BF loss in any of the experimental
groups. No significant changes were observed in 1- and 3-kg
medicine ball throw gains after the DT period in any groups
(Table 3). No significant changes in the vertical jump height,
horizontal jump length, and time to run 20 m after the DT
period were observed after the DT period (Table 3). The
estimated _VO2max, however, decreased after the DT period in
the GR group (26.8%, p = 0.04) but not in the GCOM. When
comparing groups, significant differences were not found.

DISCUSSION

To the best of our knowledge, no other study has established
the effect of an 8-week school-based endurance and resistance
training program and DT on strength, power, and body
composition in adolescent boys, performed additionally to
the physical education lessons. Thus, it is difficult to compare
the present results with the results of 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 primary findings of this study
indicate that both concurrent resistance and endurance
training and resistance training alone may be a positive
training stimulus to enhance explosive strength and aerobic
condition in healthy schooled boys. Our findings are in
agreement with those of the Gorostiaga et al. (10) and
Chtara et al. (1) studies conducted with adults. Simulta-
neously, our results contradict studies, which reported an
impairment of concurrent training on performance variable
development (29). Additionally, both training regimens also
showed a positive effect on BF loss in adolescent school boys.
Therefore, the present results may suggest that concurrent
resistance and endurance training seems to be an effective,
well-rounded exercise program that can be prescribed as
a means to improve the initial or general strength in healthy
school boys. Moreover, both training program regimen
effects persisted as long as upper and lower limb strength
gains were maintained during 12 weeks of the DT period.
Concordantly, the group submitted to the strength and
endurance program did not show estimated _VO2max loss in
the DT period.

The magnitude of decrease observed in the BF was not
significantly different between the GR and GCOM groups.
We did not find any change in body weight for any group. It
should be highlighted that body weight does not always
explain the true body composition, and therefore, despite the
fact that we did not find any body weight changes, we found
significant losses in the BF in both experimental groups.
However, we did not find significant differences between
experimental groups. These results may suggest that there is
no major positive effect of concurrent resistance and
endurance training when the BF loss occurs. Furthermore,
the current results are in agreement with those of the research
conducted by Watts et al. (39) that examined an independent
influence of 8 weeks of combined resistance and aerobic
training in 19 obese adolescents aged 12- to 16-years. In this,
although bodyweight and BMI did not change with exercise,
significant improvements in central adiposity were observed
after the 8-week circuit-training program (39).

A significant increase was observed for upper limb
explosive strength (e.g., medicine ball throw with 1 and
3 kg), in both the GCOM and GR groups. These data may
suggest a main positive effect of resistance training on
explosive strength ability independently of the type of
treatment performed. In accordance with the upper body
strength results, the explosive power of lower limbs revealed
by the CMVJ and CMSLJ performance also increased
significantly for both experimental groups. Few studies,
however, have compared the effects of different methods of
organizing training workouts. Here, for example, Sale et al.
(27) could observe that concurrent resistance and endurance
training applied on separate days produced superior gains to
those produced by concurrent training on the same day.
Although the training programs were conducted otherwise
constantly, alternate-day training was more efficient in
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producing maximal leg press strength gains than was same-
day training. This suggests that the interference effect may
also be true when the overall frequency and volume of
training are higher than that in this particular study. Also,
Ingle et al. (11) using a combination of resistance training and
plyometric program found that the experimental group
experienced a small improvement in performance over the
training intervention period. Our results also demonstrated
that the endurance training does not positively affect strength
development in school boys. In addition, however, this
research showed that concurrent resistance and endurance
training do not impair strength development. Unfortunately,
it is difficult to compare results in the scientific literature
when studies differ markedly in their design factors including
load characteristics, context, equipment, scheduling of
training sessions, and training history of subjects (16,37).
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 (27).

Running speed increased significantly in all experimental
groups. In agreement with the findings of previous studies
(20), these results seem to indicate that additional endurance
training does not have an additional effect over strength
training in enhancing running speed in young boys. On the
other hand, all the 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.

An inhibition in strength or endurance adaptation as
a consequence of concurrent training has been reported (37).
Nevertheless, this study could observe a significant enhance-
ment in _VO2max (milliliters per kilogram per minute) only for
GCOM, suggesting that the resistance training program
component was not effective to an increase in aerobic fitness
for young school boys. Our data suggest that dependent
variable selection can influence the conclusions made with
respect to changes in strength and endurance as a result of
concurrent training. However, the differences in the design of
concurrent training interventions, such as the 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.

Twelve consecutive weeks during the summer holidays
were taken as the detrained period. All the sample subjects
had no formal physical activity (Physical Education lessons or
institutional training programs) during the DT period. Only
the GCOM significantly decreased in body weight (21.7%,
p = 0.03). The Total Standing Height variable for both the
experimental groups significantly increased from posttraining

to DT. There was no significant difference in the BMI on the
GR group from posttraining to DT. Additionally, there was
no significant difference in the BF percentage loss between
GR and GCOM during the intervention period. Thus, we can
assume that the sustainment of BF obtained with training
program participation is evident for several weeks after the
program had been completed. Conversely to the posttraining
moment, all the groups had shown no significant loss
performance in CMVJ and CMSLJ. In speed running,
a significant loss performance was expected, but this was
not found in both GR and GCOM. A possible loss was
expected because speed running is strongly affected by
nervous system adaptation and phosphocreatine reserves;
however, this was not observed (7). In the 1- and 3-kg
medicine ball throw distance test, no significant changes were
observed for the experimental groups, which implied
a sustained effect of training in this explosive task. Our results
are in disagreement with Ingle et al.’s findings (11), which
showed that in a 12-week DT period, the experimental group
experienced reductions for all the resistance exercises that
ranged from 216.3 to 230.3%. The control group had also no
differences in performance marks for both the 1- and 3-kg
medicine ball throw distance tests. Therefore, it must be
suggested that explosive strength gains induced by both the
training programs were maintained after a DT period of
12 weeks, because strength is determined, among other
factors, by muscular mass. Faigenbaum et al. (6) showed that 8
weeks of DT led to significant losses of leg extension (228.1%)
and chest press (219.3%) strength, whereas control group
strength scores remained relatively unremarkable.

Finally, the _VO2max (milliliters per kilogram per minute)
remained stable for the GCOM, except for the GR where
a significantly loss (26.8%) was observed. Another study (22)
found that changes are more moderate in recently trained
subjects (compared with that in highly trained subjects) in the
short term, but recently acquired _VO2max gains are completely
lost after training stoppage .4 weeks. Conversely, our results
show that the GCOM maintained the _VO2max gains even after
12 weeks of DT. The DT effect over _VO2max has been poorly
studied in nonadult and nonsportive samples. Hence, because
of the small sample size and the lack of a prestudy power
analysis to determine adequate effect size for this study, we
suggest that our subgroup analyses and results must be
interpreted with caution.

Our results suggest that a concurrent resistance and
endurance school-based training program seems considerably
effective in both strength and endurance fitness features of
school-aged boys. However, the resistance training program
also produced identical results in strength development. In
brief, this study indicates that concurrent training is an effective,
well-rounded exercise program that can be performed to
improve initial or general strength in healthy school boys. Our
results also suggest that training program effects persist even at
the end of the DT period. These effects include body
composition effects, and physical fitness components such as
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strength and endurance. Future research studies should
examine the interference effects arising from the order of
resistance and endurance training exercise program in strength
enhancement.

PRACTICAL APPLICATIONS

Simultaneously performing resistance and endurance training
in the same workout not only does not impair strength
development in healthy school boys but it also seems to be
an effective, well-rounded exercise program that can be
prescribed as a means to improve initial or general strength.
This should be considered in the designing of strength
training school-based programs to improve its efficiency.
Furthermore, school-based programs should be implemented
because training program effects persist at the end of summer
holidays on body composition and physical fitness level.
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