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Abstract
Complex training, a combination of resistance training and plyometrics is growing in popularity, despite limited support for
its efficacy. In pre- and early pubertal children, the study of complex training has been limited, and to our knowledge an
examination of its effect on anaerobic performance characteristics of the upper and lower body has not been undertaken.
Furthermore, the effect of detraining after complex training requires clarification. The physical characteristics (mean+s) of
the 54 male participants in the present study were as follows: age 12.3+ 0.3 years, height 1.57+ 0.07 m, body mass
50.3+ 11.0 kg. Participants were randomly assigned to an experimental (n¼ 33) or control group (n¼ 21). The training,
which was performed three times a week for 12 weeks, included a combination of dynamic constant external resistance and
plyometrics. After training, participants completed 12 weeks of detraining. At baseline, after training and after detraining,
peak and mean anaerobic power, dynamic strength and athletic performance were assessed. Twenty-six participants
completed the training and none reported any training-related injury. Complex training was associated with small increases
(�5.5%) in peak and mean power during training, followed by decreases of a similar magnitude (�75.9%) during
detraining (P5 0.05). No changes or minor, progressive increases (�1.5%) were evident in the control group (P4 0.05). In
the experimental group, dynamic strength was increased by 24.3 – 71.4% (dependent on muscle group; P5 0.01), whereas
growth-related changes in the control group varied from 0 to 4.4% (P4 0.05). For 40-m sprint running, basketball chest
pass and vertical jump test performance, the experimental group saw a small improvement (�4.0%) after training followed
by a decline (�74.4%) towards baseline during detraining (P5 0.05), whereas the control group experienced no change
(P4 0.05). In conclusion, in pre- and early pubertal boys, upper and lower body complex training is a time-effective and
safe training modality that confers small improvements in anaerobic power and jumping, throwing and sprinting
performance, and marked improvements in dynamic strength. However, after detraining, the benefits of complex training are
lost at similar rates to other training modalities.
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Introduction

In the paediatric literature, training programmes

designed to elicit changes in anaerobic power

variables have received less attention than those

concerned with improving aerobic fitness. Equally,

the effect of detraining on these components of

fitness is not completely understood. Effective

training modalities designed to elicit enhancements

in anaerobic power can be separated into three main

types: resistance training, plyometric training and

complex training. Resistance training has been

identified as a significant contributor to anaerobic

power in pre- and early pubertal children (Armstrong,

Welsman, & Kirby, 1997; Docherty, Wenger, &

Collis, 1987; Hetzler et al., 1997). This is perhaps

not surprising given the well-established association

between power output, muscular force and contrac-

tion velocity first examined by Hill (1922). In adults,

plyometric training has improved vertical jump

performance (Holcomb, Lander, Rutland, & Wilson,

1996; Luebbers et al., 2003; Maffiuletti, Dugnani,

Folz, Di Pierno, & Mauro, 2002), anaerobic peak

power (Luebbers et al., 2003), maximum squat

performance (Masamoto, Larson, Gates, & Faigen-

baum, 2003) and medicine ball putt distance

(Vossen, Kraemer, Burke, & Vossen, 2000). In pre-

and early pubertal children, concerns regarding the

safety of plyometric training have been dispelled by

the American College of Sports Medicine (2001).

The College advised that to minimize the likelihood

of injury, participants must be closely supervised,
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learn the correct technique, and training intensity

and volume must not exceed the abilities of the

participants. In pre- and early pubertal children, few

training studies have been undertaken, although

Diallo, Dore, Duche and Van Praagh (2001)

demonstrated that maximal cycling power, counter-

movement jumping, squat jumping, multiple

bounding, repeated rebound jumping for 15 s and

20 m sprinting, all improved significantly following

10 weeks of plyometric training. Furthermore, the

improvements were maintained after 8 weeks of

reduced training.

The combination of resistance training and plyo-

metrics is growing in popularity, despite limited

evidence for its efficacy. Such complex training is

attractive, as it is a time-effective method of

combining the two forms of training. There is

evidence to suggest that it may be superior to the

independent (or isolated) effect of resistance or

plyometric training alone. In adults, complex train-

ing was shown to be more effective for vertical jump

and anaerobic peak power performance than either

plyometric training or resistance training alone

(Fatouros et al., 2000; Harris, Stone, O’Bryant,

Proulx, & Johnson, 2000). In pre- and early pubertal

children, complex training studies are scarce.

Faigenbaum, O’Connell, La Rosa and Westcott

(1999) reported that pre-pubertal children demon-

strate similar gains in upper body strength following

both complex and resistance training performed in

isolation. However, to our knowledge, no studies have

examined the effect of complex training on the upper

and lower body, or on a variety of strength, power and

performance tasks in this age cohort. Furthermore,

normal growth and development processes may

counteract the loss of training-induced adaptations

in pre-pubertal boys (Blimkie, 1992; Blimkie & Sale,

1998). The influence of detraining on dynamic

strength gains has received little attention among

pre- and early pubertal children (Faigenbaum et al.,

1996), and to our knowledge no study has assessed

the longevity of changes in anaerobic power after

training in this population. Consequently, the aim of

the current study was to determine the effect of an

upper and lower body complex training and detrain-

ing programme in pre- and early pubertal boys.

Methods

Participants

The procedures used in this investigation were

reviewed and approved by the Hull and East Riding

Medical Ethics Committee. Written informed con-

sent was obtained from parents or guardians of the

participants, as well as the participants themselves.

Inclusion criteria ensured the participants were male,

11 or 12 years of age, in Stages 1 or 2 for pubic hair

growth and genital development (Tanner, 1962),

and asymptomatic of any cardiovascular or muscu-

loskeletal disease. Drawings of the five stages of

pubic hair and genital development were given to

each participant and their parents for joint assess-

ment of sexual maturity status. Fifty-seven boys from

a local school volunteered to participate. Of these,

54 met the inclusion criteria. All the participants

were active, although none had experience of

strength training and conditioning. The mean (+s)

physical characteristics of the participants were as

follows: age 12.1+0.3 years, height 1.54+0.07 m,

body mass 47.9+10.2 kg.

Thirty-three boys were randomly allocated to the

experimental group and the remaining 21 boys were

assigned to the control group. The boys in the

control group were asked to maintain their habitual

levels of physical activity and to refrain from starting

a structured exercise training programme during the

study period. The imbalance in sample size allowed

for possible drop-out from the experimental

group (Figure 1). Both groups of boys completed a

habituation session that involved a Wingate anaero-

bic test, standing long jump, vertical jump test,

basketball chest pass and 40-m sprint test before the

main study to reduce the impact of learning; no

training occurred during this period. The number of

trials performed in the habituation session was the

same as that reported for the training programme.

Training programme

Participants attended the laboratory on non-conse-

cutive days and the same three evenings each week.

The duration of each training session was 60 –

75 min. To maintain adherence throughout the

programme, participants had access to video games

during non-exercise periods. The training pro-

gramme comprised plyometric and resistance

training. A series of single- and multi-joint upper

and lower body exercises was incorporated into the

resistance training component of the programme.

The progression characteristics (Table I) in the

current study are based on previous training in-

tensities involving young people using a periodized

model (Fleck & Kraemer, 2004). Each participant

performed eight separate dynamic constant external

resistance exercises for the major muscle groups as

recommended for young people. The order of

exercises was as follows: back squat, bench-press,

dumb-bell rows, calf raises, barbell lunges, overhead

press, biceps curl and triceps extension. Abdominal

crunches completed the programme. The rest period

between each lift was 1 min.

Data capture did not commence until after the

familiarization period so as to reduce the impact of
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any potential learning effect (Ramsay et al., 1990). In

the week before the training programme, individual

10-repetition maximum (10-RM) was used to

quantify dynamic strength performance. This tech-

nique has been advocated as a safe training method

in conjunction with qualified instruction and super-

vision (Hetzler et al., 1997; Sailors & Berg, 1987). A

warm-up at 25% of estimated 10-RM was included

for each exercise throughout the 12-week study. To

establish 10-RM, the boys began by lifting within a

range of 14 – 16 repetitions with correct form. When

this was achieved, load was increased by 10% and

the repetition range was decreased accordingly until

‘‘repetition maximum’’ was achieved (Fleck &

Kraemer, 2004). This process was completed in

4 – 6 trials per lift per participant. A recovery of

5 min was permitted after each 10-RM assessment.

The instructor explained and demonstrated correct

lifting technique for all resistance exercises, and the

participant-to-instructor ratio was 5:1. Standardized

lifting procedures were employed throughout train-

ing and testing. All lifts were performed with a

barbell or dumb-bell, and spotters were present for

all training and test sessions. The 10-RM was

assessed every 4 weeks for each lift; these assess-

ments replaced every twelfth training session (i.e.

sessions 12, 24 and 36).

Plyometric exercises followed resistance training

(Ebben, 2002). Current evidence suggests that at

least 4 min may be required to optimize the effect of

the plyometric component (Jensen & Ebben, 2003).

Therefore, we employed a recovery period of 6 min

between the resistance and plyometric training

components. Plyometric exercises involved progres-

sive increases in exercise intensity from a level classi-

fied as low to moderate, an appropriate intensity

for young children (ACSM, 2001; Chu, 1998). The

boys were encouraged to perform these exercises

with maximal effort. In weeks 1 – 4, participants

initially performed low-intensity plyometrics (Chu,

1998) that included ‘‘two-footed ankle hops’’, ‘‘front

cone hops’’, ‘‘standing long jump’’ and ‘‘push-ups’’

on a sprung wooden floor. Exercise volume and

progression characteristics were periodized accord-

ing to the ACSM (2001). For example, in week 1 the

participants performed two sets of 8 repetitions, in

week 2 two sets of 10 repetitions, in week 3 three sets

Figure 1. Flow chart of study design. EXP¼ experimental group, CON¼ control group.

Table I. Progression characteristics of the dynamic constant

external resistance training programme.

Training

weeks Set number

Number of

repetitions %10-RM

1 – 4 1 15 70

2 12 85

5 – 8 1 12 85

2 10 100

9 – 12 1 8 85

2 8 100

3 6 100

Note: %10-RM¼percentage of 10-repetition maximum. The

participants completed three training sessions per week.
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of 8 repetitions, and in week 4 three sets of 10

repetitions (Table II). The exercise volume remained

the same for weeks 5 – 8 and weeks 9 – 12. However,

between weeks 5 and 8, participants continued with

low- to moderate-intensity exercises (Chu, 1998)

that included ‘‘standing jump and reach’’, ‘‘tuck

jump with knees up’’, ‘‘cone hops with 1808 turn’’

and ‘‘push-ups’’. Between weeks 9 and 12, the boys

performed moderate-intensity plyometrics that in-

cluded ‘‘double leg hops’’, ‘‘tuck jumps with heel

kick’’, ‘‘standing jump over barrier’’ and ‘‘push-

ups’’. Participants practised all exercises until correct

technique was displayed. Strong verbal encourage-

ment was given to all participants throughout the test

and training sessions. The best score for all

performance variables was recorded. Training was

completed with a 5- to 10-min cool-down that

invloved dynamic stretching and low-intensity

cycling or treadmill walking.

Anthropometric measurements

The median of three skinfold measurements at the

triceps and subscapular sites was used to estimate

percent body fat by the same technician, using the

equations of Slaughter and colleagues (1988). Lean

body mass was subsequently estimated from fat-free

weight plus estimated essential fat according to the

procedures of Lohman (1992).

Tests of anaerobic power and athletic performance

Standardized tests of anaerobic power and athletic

performance were performed before training and

immediately after training and detraining. Environ-

mental conditions were standardized throughout,

with temperature being maintained at 19 – 218C and

relative humidity at 40 – 45%. A 10-min warm-up

and corresponding cool-down period that included a

combination of low-intensity cycling or walking

interspersed with short bursts of high-intensity

activity were included. Before testing, all cycle

ergometers were re-calibrated for pedal velocity and

applied resistance in accordance with the manufac-

turer’s recommendations. All tests, which were

performed on the same day, were supervised and

recorded by the same investigator,. The order of tests

was randomized to maintain participant motivation

and to control for any potential order effect

(Benjamin & Glow, 2003).

Wingate anaerobic test

A Monark 824E friction-braked, basket-loaded cycle

ergometer (Monark, Varberg, Sweden) was used to

assess anaerobic peak and mean power. Before each

test session, the external resistance was set to

0.075 kp (0.74 N � kg71 body mass). A micro-sensor

on the flywheel was interfaced with a computer and

used to collate data from the 30-s Wingate anaerobic

test. Seat height was adjusted to form a knee joint

angle of 160 – 1658 with the pedal crank in the lowest

vertical position. This value was recorded and used

for subsequent tests. Toe clips were used to avoid

foot slippage, and the handlebar height was adjusted

according to each participant’s preference. During

cycling, participants remained seated on the saddle

and a restraining harness was fastened around

the waist to restrict movement. After the command

‘‘3-2-1-Go’’, participants pedalled as fast as

possible against a negligible resistance to overcome

inertial and frictional resistance. When the pedal

speed reached 100 rev �min71, the resistance was

applied to the flywheel and the 30-s countdown

commenced. Performance variables were calculated

each second.

Tests of athletic performance

Standing long jump. Each participant completed

three trials with a 1-min recovery between trials

using a standardized jumping protocol to reduce

inter-individual variability. From a standing position,

with the feet shoulder-width apart and the hands

placed on the hips, the boys produced a counter-

movement with the legs before jumping horizontally

as far as possible. The greatest distance (metres) of

the three jumps was taken as the test score, measured

from the heel of the rear foot. A fibre-glass tape

measure (Cranlea & Co., Birmingham, UK) was

extended across the floor and used to measure

horizontal distance.

Table II. Plyometric exercises training programme.

Training week Low intensity Training week

Low/m Moderate

intensity Training week Moderate intensity

1 268 5 268 9 268

2 2610 6 2610 10 2610

3 368 7 368 11 368

4 3610 8 3610 12 3610

Adapted from Chu (1996).
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Vertical jump test

The vertical jump test was conducted on a contact

mat connected to an electronic power timer, control

box and handset (NewTest Ltd, Kiviharjuntie, Fin-

land). From a standing position, with the feet

shoulder-width apart and the hands placed on the

hips, the boys performed a counter-movement with

the legs before jumping. They were informed that

they should try to jump vertically as high as possible.

Each participant performed three jumps with a 1-min

recovery between efforts. The highest jump (centi-

metres) was recorded.

Basketball chest pass

Each participant completed five trials with a 30-s

recovery between trials using a standard basketball.

From a seated position, with the back against a wall

to minimize the contribution from other muscle

groups, participants threw the ball as far as possible

horizontally from a chest pass position. A fibre-glass

tape measure (Cranlea & Co., Birmingham, UK)

was extended across the floor. The greatest distance

(metres) achieved was taken as the test score,

measured at the position the ball struck the floor.

On each occasion, two observers agreed the landing

position.

40-m sprint test

The 40-m sprint test was completed on a sprung

wooden floor in an indoor gymnasium (Baker et al.,

1993). Participants ran between a series of infrared

photoelectric gates (NewTest Ltd, Kiviharjuntie,

Finland) that recorded horizontal velocity through

each gate. The procedure involved sprinting 10 m to

the first pair of gates, then turning and sprinting

20 m in the opposite direction to the second timing

point, turning again, and sprinting 10 m through the

finish gates. Five trials were allowed for the

participants to become familiar with turning. Each

sprint commenced with a 5-s countdown and a

2-min recovery was given between trials. The fastest

time achieved (seconds) was recorded.

Detraining

At the end of the 12-week training programme,

participants were asked to refrain from resistance

exercise training for a further 12 weeks, but were

encouraged to maintain normal habitual activity

patterns. Following detraining, the boys were invited

back to the laboratory to undertake a re-evaluation of

10-RM dynamic strength performance, anaerobic

power indices, and jumping, throwing and sprinting

performance. The same methods described pre-

viously were used in the re-evaluation.

Data analyses

All data were analysed using SPSS statistical software

for Windows version 11.5 (SPSS Inc., Chicago, IL,

USA). Descriptive statistics (mean+s) were calcu-

lated for all variables. To identify potentially

significant group-by-time interactions, separate

263 (group6time) analyses of variance with re-

peated measures for time were used. Simple effects

analyses were employed where significant interac-

tions were found to further explore the differences

between and within groups (Howell, 1995). Statis-

tical significance was set at P5 0.05 for all analyses

of variance. A more stringent level of P5 0.01 was

chosen for the simple effect analyses, in an effort to

reduce the likelihood of a Type I error.

Results

The anthropometric characteristics of the boys are

shown in Table III with significant group-by-time

interactions for estimated measures of percent body

fat and lean body mass, as well as body mass

(P5 0.01). While the control group showed a small,

progressive increase in body fat over the 24 weeks,

the experimental group experienced a meaningful

decline over the training period (77%) followed by a

small increase over the detraining period (þ1%).

The interaction for estimated lean body mass can be

explained by the experimental group having a small

increase over the training period followed by a

decrease of similar magnitude, whereas the values

Table III. Anthropometric characteristics following training and detraining in the control and experimental groups (mean+s).

Variables Height (m) Body mass (kg)* Body fat (%)*

Lean body mass

(kg)*

Control 0 weeks 1.55+ 0.05 47.8+ 7.6 22.2+3.9 35.9+ 5.2

12 weeks 1.56+ 0.05 48.5+ 7.3 22.4+3.7 36.1+ 5.1

24 weeks 1.57+ 0.05 48.9+ 7.1 22.5+3.8 36.3+ 5.2

Experimental 0 weeks 1.54+ 0.08 47.6+ 7.5 22.6+6.1 36.2+ 5.8

12 weeks 1.56+ 0.08 48.8+ 7.4 21.0+6.1 37.1+ 6.1

24 weeks 1.57+ 0.08 49.5+ 7.3 21.2+6.1 36.4+ 5.9

*Significant group-by-time interaction (P50.01).
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for the control group merely reflected the small

increases seen in body mass and percent body fat.

Simple effect analyses at the three time points (0, 12

and 24 weeks) revealed that there were no between-

group differences in any of the anthropometric

physical characteristics displayed in Table III

(P4 0.05). However, within-group simple effect

analyses between measurements at 0 and 24 weeks

(i.e. before training and after detraining) showed that

percent body fat was lower in the experimental group

at the end of the study than at its start (21.2 vs.

22.6% respectively, P5 0.01).

The anaerobic power data are presented in

Table IV with significant group-by-time interactions

for absolute and body mass relative measures of both

peak and mean power (P5 0.05). The changes

experienced by both groups were minor, with the

majority being less than 5%. The significant interac-

tions indicated that while the experimental group

experienced small increases followed by decreases

over the training and detraining periods respectively,

the responses in the control group were either

diametrically opposite (i.e. peak power/body mass

and mean power/body mass) or were minor, pro-

gressive increases over time (i.e. peak power and

mean power). Again, between-group simple effect

analyses at the three time points (0, 12 and

24 weeks) revealed that there were no differences in

any of the short-term power output data displayed in

Table IV (P4 0.05). Furthermore, within-group

simple effect analyses between measurements at 0

and 24 weeks revealed no differences for any of the

variables shown in Table IV (P4 0.01).

Changes in dynamic strength over the study are

displayed in Table V with significant between-group

main effects and group-by-time interactions for all

eight of the resistance exercises (P5 0.01). The

relative increases in strength from week 0 to 12 for

the experimental group varied, depending on the

resistance exercise, from 24.3 to 71.4%. The growth-

and development-related changes for the control

group varied from 0.0 to 4.4% over the same period.

In direct contrast, whereas the control group

experienced relative stability in strength over the

detraining period (i.e. week 12 to 24), the experi-

mental group saw reductions for all of the resistance

exercises that ranged from 716.3 to 730.3%.

Between-group simple effect analyses at the three

measurement points indicated that the members of

the experimental group could lift more weight than

their control group peers at both 12 and 24 weeks for

bench press, rows, back squat and lunges (P5 0.01).

For the other resistance exercises (see Table V),

between-group differences were only revealed at

Table IV. Absolute and relative peak and mean power performance following training and detraining in the control and experimental groups

(mean+s).

Variables PP (W)#

PP/BM

(W � kg71)#

PP/LBM

(W � kg71) MP (W)#

MP/BM

(W � kg71)#

MP/LBM

(W � kg71)

Control 0 weeks 385+ 57 8.1+0.8 10.7+1.0 314+42 6.6+0.9 8.7+1.2

12 weeks 388+ 52 8.0+1.0 10.7+1.2 316+43 6.5+0.8 8.8+1.3

24 weeks 390+ 55 8.2+0.9 11.0+1.4 318+42 6.7+1.0 9.2+1.3

Experimental 0 weeks 390+ 60 8.2+1.4 11.0+1.3 326+61 6.9+1.3 9.0+1.2

12 weeks 404+ 59 8.3+1.4 10.9+1.4 344+63 7.0+1.3 9.3+1.3

24 weeks 388+ 62 8.1+1.4 10.9+1.5 328+64 6.8+1.1 9.4+1.3

Note: PP¼peak power; MP¼mean power; BM¼body mass; LBM¼ lean body mass. #Significant group-by-time interaction (P5 0.05).

Table V. Dynamic strength performance (kg) following training and detraining in the control and experimental groups (mean+s).

Control Experimental

Resistance exercise Week 0 Week 12 Week 24 Week 0 Week 12 Week 24

Bench press*x 13.3+ 1.7 13.5+1.7 13.5+ 1.6 14.5+2.9 19.6+ 4.6 15.6+3.4

Dumb-bell rows*x 6.8+ 1.0 7.1+1.0 7.2+ 0.9 7.7+1.5 13.2+ 2.2 9.2+1.8

Barbell calf raises*x 13.4+ 1.6 13.6+1.7 13.7+ 1.5 12.8+2.0 19.4+ 3.6 14.6+2.6

Dumb-bell overhead press*x 4.8+ 0.7 4.8+0.7 4.7+ 0.6 5.0+1.0 6.4+ 1.3 5.1+1.1

Back squat*x 15.2+ 1.6 15.5+1.6 15.6+ 1.5 16.0+2.5 23.9+ 4.4 19.2+6.4

Barbell biceps curl*x 9.7+ 1.1 9.8+1.0 9.8+ 1.1 10.3+2.1 12.9+ 2.5 10.8+2.2

Back squat lunges*x 14.7+ 1.6 15.0+1.8 15.1+ 1.7 15.1+2.4 22.3+ 4.0 17.0+2.8

Barbell triceps extension*x 9.7+ 1.1 9.8+1.0 9.9+ 1.0 10.3+2.1 12.8+ 2.5 10.4+2.1

*Significant group-by-time interaction (P50.01). xSignificant between-group main effect (P5 0.01).
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week 12 (i.e. post-training) (P5 0.01). Within-

group simple effect analyses between measurements

at 0 and 24 weeks suggested that part of the training-

induced increase in strength for the experimental

group was still maintained for the bench press, rows,

calf raises, lunges and biceps curl exercises

(P5 0.01).

Alterations in the athletic performance measure-

ments are shown in Table VI with significant group-

by-time interactions for vertical jump, basketball

chest pass and the 40-m sprint test (P5 0.01). For

each of these parameters, the experimental group

saw a small improvement in performance over the

training period, but then a decline towards the

baseline value over the detraining period. In contrast,

other than a very small increase in 40-m sprint

performance over the first 12 weeks of the study, the

control group experienced no change. As for the

physical characteristics and short-term power output

values, between-group simple effect analyses at the

three time points (0, 12 and 24 weeks) revealed that

there were no differences in any of the athletic

performance measures displayed in Table VI

(P40.05). Within-group simple effect analyses

revealed that although the experimental group

improved their vertical jump, basketball chest pass

and sprint performances as a result of training

(P5 0.01), there was no difference between the

values measured at 0 and 24 weeks in each of these

parameters (P40.01).

Discussion

The current study indicated that 12 weeks of complex

training elicited enhancements in peak and mean

power, dynamic strength, and basketball chest pass,

vertical jump and 40-m sprint test performance in pre-

and early pubertal boys. After 12 weeks of detraining,

a deterioration of these variables was evident.

Resistance training and detraining responses

To our knowledge, the current study is the first to

report changes in upper and lower body strength

following complex training. Twelve weeks of com-

plex training resulted in significant increases in

dynamic strength that are consistent with previous

resistance training-only studies (Blimkie, 1992;

Hetzler et al., 1997; Ramsay et al., 1990). Hetzler

and colleagues (1997) trained 30 boys with a mean

age of 13.6 years for 12 weeks. Participants per-

formed resistance training three times a week, and

were evaluated for dynamic strength, 40-yard sprint

and vertical jump performance, and peak and mean

anaerobic power. Results suggested that training

increased dynamic strength, vertical jump perfor-

mance and sprinting speed, although anaerobic

power did not change. The control group also saw

improvements in sprinting speed. However, differ-

ences in baseline data between the control and

experimental groups in this study may have reduced

the internal validity of the findings. Furthermore,

many participants were between Stages 3 and 4 for

pubic hair and genital development, indicating a

susceptibility to the onset of circulating androgens

during resistance training (Katch, 1983; Rowland,

1997). Our results suggest that complex training may

offer comparable or better increases in dynamic

strength and field test performance, but also confer

improvements in anaerobic performance in younger

pre- and early pubertal boys. The effect of complex

training on anaerobic performance variables in older

pubertal boys warrants further investigation.

After 12 weeks of detraining, significant decreases

in dynamic strength of between 716.3 and 730.3%

were evident. Reductions in strength of 719.3 to

728.1% have been reported previously in 7- to 12-

year-old boys and girls (Faigenbaum et al., 1996).

Our detraining data showed that, for bench press,

rows, calf raises, lunges and biceps curls, lifting

performance was greater than at baseline, indicating

a slower rate of decay in dynamic strength. Future

investigations involving young children should eval-

uate performance at different stages of detraining, by

indicating at what stage (if at all) adaptations return

towards pre-training values. These studies should

also indicate rate of loss as an effect of detraining.

Faigenbaum and colleagues (1996) reported that

Table VI. Performance in other athletic tests following training and detraining in the control and experimental groups (mean+s).

Variables

Vertical jump

(cm)*

Standing long

jump (m)

Basketball chest

pass (m)*

40-m sprint

test (s)*

Control 0 weeks 32.8+ 4.2 1.92+0.15 5.93+ 0.48 10.42+ 0.50

12 weeks 33.1+ 4.0 1.93+0.15 5.97+ 0.45 10.34+ 0.46

24 weeks 33.7+ 4.1 1.94+0.16 6.01+ 0.48 10.30+ 0.43

Experimental 0 weeks 32.6+ 5.8 1.90+0.22 5.78+ 0.77 10.49+ 0.76

12 weeks 33.9+ 5.9 1.93+0.23 5.96+ 0.82 10.16+ 0.74

24 weeks 32.4+ 5.5 1.92+0.23 5.87+ 0.76 10.41+ 0.79

*Significant group-by-time interaction (P50.01).
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the majority of performance decrements for leg

extension occurred in the first 4 weeks (721.3%),

before continuing at a slower rate (76.8%). Con-

versely, for bench press, losses in the first 4 weeks

were smaller (78.9%) than the final 4 weeks

(710.4%). Therefore, the rate of loss of training-

induced muscular strength adaptations may be

muscle-group specific in pre- and early pubertal

children, but currently this has yet to be determined.

It is possible that mechanisms responsible for

improving performance are also likely to dictate the

rate of decay in the absence of a training stimulus.

Anaerobic power training and detraining responses

After complex training, absolute peak power increased

by 3.6% (404+ 59 W) in the experimental group.

This is in line with previous research that has reported

absolute peak power between 400 and 420 W in

trained 11- to 13-year-old boys (Docherty et al., 1987).

Mechanisms responsible for anaerobic performance

enhancements following complex training may relate

to increased force generation and neural adaptation.

Mahon (2000) postulated that factors such as motor

neurone firing rate and improved coordination were

responsible for enhanced performance. Similarly,

Ozmun, Mikesky and Surburg (1994) reported

increased muscle activation using integrated electro-

myography after training, and proposed that improved

efficiency of contractile activity was the result of

neurological adaptations in young children. However,

the trained group appeared to differ from the control

group before training, suggesting a possible baseline

influence on their results. Consequently, it is possible

that complex training may enhance the power transfer

between concentric and eccentric phases of the muscle

action and confer a positive transfer of neuromuscular

demands, resulting in improved coordination and

synchronization of active muscle groups (Chu, 1996).

It is difficult to determine the impact of these very

modest increases in anaerobic peak power. The small

changes may be a result of cycling specificity issues

(Graham, 1998) or previous exercise training experi-

ence. Sale (1999) postulated that untrained young

people do not activate the muscle groups as

effectively as their trained counterparts, resulting in

lower training-induced increases in performance.

These activities may be exaggerated further when

considering technical activities such as jumping,

throwing or cycling. Future investigations could

compare trained and untrained individuals during

complex training to test this hypothesis in pre- and

early pubertal children.

Our results show that 12 weeks of complex

training improved mean anaerobic power. A small

increase of 2.9 – 5.5% for absolute and relativized

(body mass and lean body mass) mean power was

observed. It is difficult to compare mean power data

with other training studies as few have been published,

although our increases are higher than those reported

by Falgairette and colleagues (1990). Possible me-

chanisms responsible for these enhancements include

an increased glycolytic flux due to increased phospho-

fructokinase or phosphorylase enzyme concentration

(Eriksson, Gollnick, & Saltin, 1973), and relative

increases in force generation and neurological adapta-

tions (Häkkinen, Mero, & Kauhanen, 1989). Using
31P-magnetic resonance spectroscopy to examine

muscle metabolism non-invasively with larger sample

sizes, it has been shown that children and adolescents

are less able than adults to re-phosphorylate ATP via

anaerobic energy pathways (Kuno et al., 1995;

Petersen, Gaul, Stanton, & Hanstock, 1999;

Zanconato, Buchthal, Barstow, & Cooper, 1993).

Furthermore, Kuno et al. (1995) observed no differ-

ences in the metabolic responses of trained and

untrained adolescents. However, it is not clear from

this study whether a prospective exercise training

programme would alter anaerobic metabolism.

Although not presented by us in the present study,

changes in limb girth measurements did not occur in

unison with the increase in strength reported in the

experimental group. Therefore, this rather gross

estimation of muscle cross-sectional area suggests that

although it is a significant determinant of force

production (Haxton, 1944; Kanehisa, Okuyama,

Ikegawa, & Fukunaga, 1995), it is unlikely that muscle

cross-sectional area changed to a greater extent in the

experimental than control group during our study.

Following detraining, a loss in absolute and

relative (body mass and lean body mass) peak power

of 72.7 to 75.9% was evident in the experimental

group, suggesting a return to values similar to the

control group. The control group showed an increase

in absolute and relative (body mass and lean body

mass) peak power of 0 – 0.5%, indicating the effect

of normal growth and development processes over

the same period. Therefore, it is possible that

decreases in peak and mean power in the experi-

mental group may have underestimated the real

effects. Mechanisms responsible for the effect of

detraining on anaerobic performance characteristics

have yet to be elucidated, although for dynamic

strength performance, reduced motor unit activation

(Blimkie, 1992) and losses in motor coordination

(Van Praagh and França, 1998) have been suggested.

It is possible that such neural adaptations may be

responsible for the decreases in anaerobic perfor-

mance observed in the current study.

Field test training and detraining responses

For tests of athletic performance, the current study

demonstrated that vertical jump performance was
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increased by 4% after training. Similar training

studies involving pre- and early pubertal children

are sparse, although Hetzler and co-workers (1997)

reported similar changes after 12 weeks of resistance

training. Our results show that time to complete the

40-m sprint test was reduced significantly after

training. This test, involving shuttle sprints, requires

an element of motor coordination, and therefore it is

possible that a learning effect may have elicited

improvements in motor skill, ultimately improving

performance. Anecdotal evidence suggests that com-

plex training may be important for improving

sprint performance, although there is no empirical

support involving pre- and early pubertal children.

The basketball chest pass test also displayed signifi-

cant improvements indicating that upper body

complex training can have a positive influence on

throwing performance in pre- and early pubertal

boys. However, the significance of a small increase

(*3%) in throwing performance is open to inter-

pretation.

No training effect was evident for standing long

jump performance, and to our knowledge no studies

can corroborate or refute this finding in young boys,

although training-induced increases in standing long

jump performance have been reported in adults

(Hedrick & Anderson, 1996). The lack of change

may be a result of the training load not being specific

enough to enhance performance. The standing long

jump involves propulsion in an upward and forward

direction. None of the dynamic lifts replicated these

movements and only two of the nine plyometric

exercises involved movement in a horizontal (for-

ward) direction following a countermovement.

Following detraining in the experimental group,

vertical jump performance decreased by about 4%,

and this trend was also evident for the basketball chest

pass and 40-m sprint. Detraining did not affect

standing long jump performance, although it is

important to note that performance was similar

between the experimental and control groups after

training. Consequently, between-group differences

would not be expected following detraining. No

detraining studies with children (or young people)

are available that have reported changes in similar

performance variables.

Anthropometric changes

There were favourable changes in estimated percent

body fat and lean body mass following complex

training in early pubertal boys. These values were

altered significantly beyond those expected from

normal growth and development. The ability to

increase lean body mass and reduce percent body fat

are positive health outcomes for tackling the increas-

ing incidence of obesity (Epstein, Coleman, &

Myers, 1998), and complex training could be

considered a safe and effective option for exercise

prescription in children. The importance of main-

taining training stimuli was highlighted by the loss of

the positive changes in lean body mass after

detraining.

The limitations of the current study include the

10-RM testing protocol used to assess dynamic

muscle strength. Recent studies have suggested that

1-RM is safe and effective for determining strength

in young children and may be the method of choice

(Fleck & Kraemer, 2004). Although the current

study used a 10-RM assessment, the methodology

involving multiple trial procedures and decreasing

percentage load are similar to current 1-RM recom-

mendations. Other studies have reported different

methods of assessing repetition maximum, including

5-RM (Jensen & Ebben, 2003), 6-RM (Faigenbaum

et al., 1996) and 10-RM (Hetzler et al., 1997).

Conclusions

The current study showed that 12 weeks of upper

and lower body complex training led to small

improvements in peak and mean power, and jump-

ing, throwing and sprinting performance, and large

increases in dynamic strength in pre- and early

pubertal boys. Complex training combines a number

of elements into one session, and is a safe training

modality in this age cohort. Following detraining,

training benefits are lost at similar rates to other

training modalities, possibly as a result of decay in

neural activation. Clinicians and scientists should be

aware of the transient nature of the response when

developing long-term exercise programmes and

rehabilitation therapies.
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