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INTRODUCTION

The results from this study showed that following an
eccentric elbow flexor training program, there was an
increase in strength and muscle thickness of the elbow
flexors in young boys. The difference in the changes in

the training arm between the maturational groups was

non-significant (p > 0.05), for both strength and muscle

thickness. These results indicate that training had the

same affect on muscle strength and thickness in both
maturational age categories.

In the whole group, eccentric strength training had a
significant effect (p < 0.05) on muscle thickness and
maximal strength of the training arm when compared

to the non-training arm. The training arm increased

significantly more (p < 0.05) than the non-training arm

for eccentric isokinetic maximal strength, and both

concentric and eccentric isotonic maximal strength.

These results provide evidence to support the study

following a

hypothesis that eccentric strength training will increase
muscle strength and muscle thickness in young boys.

Most recent studies have shown increased strength
strength  training  program in
preadolescent/adolescent  boys (Malina, 2006).
However, the upper body strength gains reported are
normally of lesser extent than the gains in the current

study. This is especially true when looking at the
eccentric isotonic increases (Table 3.6), although no
other studies have tested for eccentric strength gains.

For changes in muscle thickness, or hypertrophy, it is

generally reported that this type of morphological
change does not occur in preadolescence (Behm et
al., 2008). Our results show that strength training can

increase muscle thickness, even in preadolescence. It
is hypothesized that the reason for the morphological

changes in this study is due to the high intensity
strength training that was employed using eccentric
contractions, as well as a heavy volume of repetitions
and sets.

STRENGTH AND MUSCLE THICKNESS IN THE

TRAINED ARM

Strength

training affects young boys differently

depending on if they are pre or early pubescent versus

late pubescent (Sewall & Micheli, 1986).

Some

research has shown strength increases are minimal
for pre-pubertal boys when compared to their older
peers (Blimkie, 1992). However, strength gains
made by pre-pubertal boys following a strength
training program are similar, or sometimes even
greater when expressed relatively, than the gains
made by late pubertal or early adults following a
program of similar intensity (Pfeiffer & Francis, 1986).
The first analysis in this thesis was performed to
determine if there were any significant differences
between the changes in the training arm between the
two different maturational groups. Hence, it was
performed to determine if maturation status would
differentially affect any changes the strength training
program may cause. When comparing the change in
elbow flexor strength and muscle thickness in the
training arm between maturational groups there was
no significant difference (p > 0.05). This shows that
the strength training had the same effect on both
strength and muscle thickness for the two
maturational categories. These strength results are
similar to what has been previously found. Studies
by, Pfeiffer and Francis (1986), and Sailors and Berg
(1987), reported similar relative strength increases in
pre-pubertal boys when compared to late pubertal
and young adult men.

One of the limiting factors of muscle hypertrophy and
strength in pre-pubertal boys is the low serum levels
of testosterone (Payne et al. 1997). Testosterone is
often said to be the most important hormone for
natural growth and development (Blimkie & Sale,
1998). Therefore the large increase in testosterone in
boys (Figure 1-4), which occurs approximately one
year prior to PHV (Malina & Bouchard, 2001), could
play a major role in how the body adapts
physiologically to the stresses that strength training
imposes on the muscular system.

Although testosterone does have an obvious impact
on muscle strength and hypertrophy, it is not solely
responsible for it. One study showed that
testosterone only accounted for 41% of the variability
in strength in young boys (Ramos et al., 1998).
Another study found that grip strength levels in both
males and females were independent of hormones.
Also, an interesting finding in the study by Tsolakis et
al. (2001) showed that strength training in
preadolescent males actually increases testosterone
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levels, as well as the free androgen index, and these
increased levels remain two months after completion
of the training program. Although the research in this
area is limited, possible strength training effects in pre-
pubertal boys cannot be ruled out solely on this
reported low level of testosterone.

Although APHV was not calculated from longitudinal
data, which is the most accurate, it was derived using
a formula developed by Mirwald et al. (2002). This
formula accurately predicts age of PHV within 0.5
years. Comparing descriptive statistics between the
groups, as expected the more mature group (i.e. those
deemed to be within one year of PHV or older) was
significantly (p < 0.05) taller and heavier than their
younger peers. This provides evidence that the two
groups were in fact maturationally distinct. Assuming
this is true, and having found no significant difference
between the two groups for the change in muscle
thickness or strength, it is fair to conclude that in this
study, the maturational age categories did not have a
significant  differential effect on any possible
adaptations of strength or hypertrophy. With this
conclusion, the remainder of the analysis was
performed using whole group data to determine any
differences between the training and non-training
arms, following the strength training program.

MUSCLE THICKNESS

Measuring change in muscle thickness is essentially
measuring the amount of muscle hypertrophy that has
occurred. An increase in muscle thickness, or muscle
CSA, would be almost entirely attributed to an
increase in myofibrillar size and number (Folland &
Williams, 2007). Chronic exposure to strength
activities increases muscle hypertrophy in adults
(Favier et al., 2008). In pre and early pubertal boys
this is not the case, as there have been only two
previous studies which have provided some evidence
of any apparent hypertrophy in children of this age
(Behm et al., 2008). The results from these two
studies (Mersch & Stoboy, 1989; Fukunaga et al.,
1992) have been discredited in the majority of the
research due to the numerous other studies which
have shown no significant hypertrophy, and study
flaws which have been previously stated.

The results from this study show a greater increase in
muscle thickness in the training arm when compared
to the non-training arm at all three sites. The percent
change at the three sites; distal, medial, and proximal,
were 5.2%, 7.8% and 8.9% respectively, with the latter
two sites showing a significant pre post increase
(p<0.05). These results are similar to those reported
by Mersch and Stoboy (1989), which ranged between
4 and 9%. Hypertrophy studies on adults have shown
a wide range of percent changes in muscle thickness.
In a recent study that employed a similar training
program, muscle group, and muscle thickness
measure, a 13% change was reported for the “fast
eccentric” group, and 7.8% for the “slow eccentric”

group (Farthing & Chilibeck, 2003b). The changes
reported in the non-training arm in the current study
were not significant for any of the sites; distal -1.1%,
medial 0.1%, and proximal 1.8%. Although there was
actually a decrease in muscle thickness at the distal
site, this decrease was non-significant (p > 0.05), and
it is within the measurement error range which has
been reported in previous muscle ultrasound studies.
The muscle thickness results from the current study
conflict with most research on this topic. It has been
widely reported that pre-pubertal boys are unable to
increase muscle mass through strength training until
they reach a certain biological age (Payne et al., 1997;
Faigenbaum & Kang, 2006; Behm et al., 2008).

These results could be due to a couple of different
factors. One is the ability to control for maturation due
to the within subject design. Most other studies use an
exercise group and a control group, and although
they often try to control for maturity by assessing it
using various methods, it is impossible to account for
all the individual differences. At this stage of
development, it is especially hard to control for
maturity and therefore the ability of the researcher to
separate the effects of the training from the effects of
natural growth and development. Another factor
which may have led to the significant hypertrophy not
normally shown is the strength training program
which was employed in this study. Eccentric training
has not been used in adolescent strength training
studies, and in adults, several studies have shown
that it is more beneficial then concentric or isometric
strength training programs (Hortobaygi et al., 1996;
Farthing & Chilibeck, 2003b). The intensity and
volume of this study was greater than most other
youth training studies, and these factors play a major
role in the amplitude of hypertrophy in adults. So this
may be true for adolescents as well. Another factor
which could have played a role is the choice of
muscle group. Upper body muscles are more
responsive to strength training, in terms of muscle
hypertrophy, than those of the lower body (Folland &
Williams, 2007). Most other child strength training
studies have examined hypertrophy of the lower
body or whole body muscles (Behm et al., 2008),
whereby the focus of this study was to examine only
changes in the elbow flexors.

ISOKINETIC STRENGTH

The current study found eccentric isokinetic strength
increased significantly (p < 0.05) in the training arm
compared to the non-training arm. The relative
reported change was 25.4% versus 2.4%. The
concentric isokinetic strength in the training arm
increased 11.4% versus 2.2% for the non-training
arm. Although the concentric change displayed a
trend to be greater in the training arm, the increase
was not significant compared to the untrained arm (p
> 0.05). There are no previous studies that tested
eccentric strength in children, so there is no
comparison for the values obtained in this study.
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However, there have been a couple of studies that
have performed concentric strength testing on an
isokinetic hydraulic resistance machine. Weltman et al.
(1986) showed pre-pubertal boys increased concentric
strength an average of 27% following a 14 week
training program. Rians et al. (1987) showed a range
of 21% to 32% improvement in concentric strength,
also following 14 weeks of strength training. The
higher values of concentric strength reported in these
two studies may be due to specificity of training. Both
studies trained concentrically using the same hydraulic
resistance machine that was used for testing. Also,
their training programs were almost twice as long as
the one employed in the current study. However when
comparing eccentric strength to the values of these
two studies, the numbers are very similar. This again
provides evidence for specificity of training, as the
change in eccentric strength was almost twice that of
the concentric strength.

ISOTONIC STRENGTH

Free weight (isotonic) strength training and/or testing
is more common in youth strength training studies than
isokinetic training and/or testing. This study reported a
significant increase (p < 0.05) in both concentric and
eccentric elbow flexor strength, when compared to the
non-training arm. Concentric strength increased 35.0%
for the training arm and 14.8% for the non-training
arm. Eccentric strength increases were 45.0% and
21.8%, with the training arm once again being greater.
Numerous studies have examined changes in
concentric isotonic strength following a strength
training program (Ozmun et al., 1994; Pfieffer&
Francis, 1986; Ramsay et al., 1990; Sewell & Micheli,
1986). The percent improvement ranges anywhere
between 10% and 40%. Most of these studies
employed a light to medium intensity, with a repetition
range of 8 — 12 and duration of 8 — 20 weeks. The
35% increase reported in this study is in the higher
range of these results. This could be due to the
previously mentioned factors of high intensity and
volume of work during each training session. Also, as
with hypertrophy, eccentric training is more beneficial
for strength improvement than concentric training
(Farthing & Chilibeck, 2003b). There are two studies
which reported higher than average strength
increases. Faigenbaum, Wescott, and Micheli (1996)
and Sailors & Berg (1987) reported strength increases
of up to 54% and 52%

respectively. As with the current study, both of these
studies were eight weeks in duration and used isotonic
resistance. Also, both employed a low repetition range
(5 — 8 reps) with maximal intensity, which is the type of
program design that has been proven more beneficial
for strength development than high repetition low
intensity workouts (Kraemer & Ratamess, 2003). For
isotonic strength, the non-training arm also showed
significant improvement (p < 0.05) from pre to post,

both concentrically and eccentrically. A possible
explanation for this could be the phenomenon known
as cross-education. This is a neural adaptation that
can occur following unilateral strength training where
the strength of the non-trained contralateral limb
increases as well (Lee & Carroll, 2007). This effect
was more pronounced in the isotonic testing versus
the isokinetic testing. This shows evidence of
movement specific cross-education, as the training
was isotonic.

STUDY LIMITATIONS

A major limitation of this study was the small sample
size. Prior to recruitment a power calculation was
performed, and it was determined a sample size of 17
was needed to have 80% power. There were 17
subjects who completed the current study, which was
in line with the suggested sample size from the power
calculation. However, when the group was split into
two separate maturational groups, the recommended
sample size was not met. Therefore, the between
group analysis performed was underpowered, and
this may have had an impact on the lack of any
significant findings.

Another limitation was the age range of the boys.
There was a range in biological age of 12.1 years to
14.3 years, and the range for maturational age was -
2.0 YPHV to 1.2 YPHV. Therefore the boys were at
very distinct parts of their development, and with
numerous physiological changes which occur during
this critical period; this may have an effect on the
changes that were reported. However, it should be
noted that the comparison between the two different
maturational groups showed no difference in relative
strength or hypertrophy adaptations following
strength training. Having only one group of pre-
pubertal boys would strengthen the study, as this is
the age where hypertrophy is thought not to occur.
Another related limitation is the estimation of
maturational age using a prediction formula. Having
longitudinal data on each child’s growth pattern would
allow for a more accurate estimation of

PHV THIS HOWEVER, AS WITH MOST
STUDIES, IS NOT USUALLY A FEASIBLE
OPTION.

There are a couple limitations regarding the use of
the ultrasound for muscle thickness measurements.
Adipose tissue was not taken into consideration when
performing the measurement, yet adipose tissue
does account for a small amount of the thickness
measured. It was thought that over an eight week
timespan any change in adipose tissue in the upper
arm would be negligible, however in some extreme
cases this may not be true. Researcher bias is also a
limitation, because for the muscle thickness measure,
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as well as the strength testing, the tester was not
blinded to the training intervention.

Probably the greatest limitation of this study is the
failure to test for important physiological variables
which may account for strength or hypertrophy
adaptations. The importance of hormonal changes in
growth studies, as well as strength training studies has
been repeatedly stressed. Therefore testing for
hormones, specifically testosterone, growth hormone,
and IGF-1, would greatly enhance a study of this
design. As an added benefit for this testing, it could
assist in assessing maturational age. Another
physiological variable which plays a large role in
strength development is neuromuscular adaptations.
Therefore, using EMG measurements would also be
very valuable.

RECOMMENDATIONS
RESEARCH

FOR FUTURE

Future research in this area should test for other
physiological variables. As mentioned when discussing
the limitations of the current study, hormonal changes
and neurological adaptations are of great importance
and should be tested for. Performing EMG
measurements during maximal strength testing would
allow the researcher to better explain the change in
strength. Testing for different hormones in children
may increase difficulty for subject recruitment, or
ethical approval, but the information gained would
prove invaluable. However, using salivary hormone
measurements, which are less invasive than blood
measurements, would be a feasible option.
Incorporating a control group into a study design
similar to this one would be advantageous as any
learning effect from the familiarization and baseline
testing on the post testing would be shown.

As this study focused only on elbow flexor muscles,
future research could look at the effects of eccentric
training on other muscle groups. Also, the effects of
varying training programs, in terms of intensity,
volume, and duration could be examined. The
applicability of eccentric training on sport performance
in young athletes is another area worth researching.

One area where more research is definitely needed,
and not only in regards to eccentric training and
muscle hypertrophy, is the effects of strength training
in young girls, as this area is often overlooked.

Future research should also examine the effects of
eccentric training, as well as strength training in
general, on various health components. If hypertrophy
in young children is possible, eccentric training may be
a possible treatment for atrophic childhood diseases.
Also, some studies have been performed on strength
training as a possible treatment for childhood obesity,
and the results from these studies are favourable
(Benson, Torode, & Singh, 2008b). However, not
many have looked at it as a strategy for prevention of

obesity in young children. Information on the
relationship between body composition and strength
training in children is limited. Also, it would be
interesting to determine if strength training can have
similar effects on basal metabolic rate and excess
post-exercise oxygen consumption (EPOC) in children
as it does in adults (Bloomer, 2005). Research on the
application of strength training in children for health
benefits is extremely limited. However this is an area
which could be important as the incidence of childhood
obesity continues to increase (Benson, Torode, &
Singh, 2008a).

SUMMARY

Strength training in children is an area dominated by
negative myths, and as a result was viewed as
dangerous and impractical mode of exercise which
should be avoided (Faigenbaum & Kang, 2006).
However, most of the recent research has shown
strength training is a safe mode of exercise with
numerous health benefits and is now recommended
as a valuable part of any child’s suggested activity
(Behm et al. 2008). Physiological research in this
area is limited (Strong et al., 2005), however, it is
now generally accepted that strength training in pre-
pubertal and pubertal children will increase strength,
but it is unlikely to induce

morphological changes. The majority of research has
been limited by two major flaws. One is a failure to
control the effects of natural strength and
development; and two, employing a training program
with insufficient intensity required to produce
significant adaptations (Faigenbaum, 2000). To
overcome these limitations it is suggested that
researchers should use

a within-subject design employing an exercise
regime of sufficient intensity. Research in adults
indicates eccentric training causes the greatest
increases in strength and hypertrophy (Farthing &
Chilibeck, 2003b); however this mode of exercise
has not been utilized in any youth training studies.
The current study used a one arm training study to
investigate the effects of an eccentric training
program on both muscle strength and hypertrophy in
pre- pubertal and pubertal boys.

Seventeen boys in grades 6, 7, or 8 participated in
an eight week eccentric training program. The
training was performed three days per week, for a
total of 24 sessions, and consisted of 2 — 5 sets of 6
— 10 repetitions of dumbbell biceps curls at a
controlled tempo using progressive resistance. Pre
and post elbow flexor muscle thickness was
measured using B-mode ultrasound (Aloka SSD-
500). Strength was measured pre and post using an
isokinetic dynamometer (Biodex System 3, Biodex
Medical Systems), as well as one repetition
maximum using dumbbells. Strength measurements
were performed on both arms, both concentrically
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and eccentrically. Muscle thickness increased
significantly in the trained arm compared to the
untrained arm. No significant difference was found for
isokinetic concentric strength; however isokinetic
eccentric strength increased significantly greater in the
trained arm versus the untrained arm. Training arm
one repetition maximum increased significantly greater
than the untrained arm for both concentric and
eccentric isotonic contractions. The changes that
occurred due to the training program were not different
between the two maturational age categories.

CONCLUSIONS

Results from this study indicate eccentric strength
training can increase muscle strength and hypertrophy
in pre-pubertal and pubertal boys. Further, these
results appear to be maturational independent.
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