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Abstract

Many studies have considered adaptation in the transition from a trained organ to an
untrained organ (cross-training) and unilateral training, however, the transfer effect
between upper and lower body training has received less attention. Therefore, the aim of
this study was to investigate the effect of upper and lower body plyometric training on
anthropometric, performance and upper-body electromyography activity in young
athletes. Thirty-six male students were selected and divided into three groups: control, -
upper body plyometric, and upper-lower body plyometric (mixed) training. Plyometric
exercise protocol for four weeks three times a week included push-up plyometric (4 sets/
10 repetitions) performed by both groups. The mixed group also continued lower-body
plyometric exercise (4 sets/ 10 repetitions on obstacles). At the beginning and end of the
course, anthropometric tests (fat and fat- free mass) and functional (Wingate, overhead
medicine ball throwing, and deadlift) were performed simultaneously with
electromyography data evaluating. The physiological work did not change significantly in
selected muscles (p >0.05) with the addition of lower body plyometric training. The
median of frequency in left and right pectoralis major muscles significantly reduced in the
mixed group compared to other groups (p <0.05). In addition, there was no difference in
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anthropometric, overhead medicine ball throwing, absolute and relative mean anaerobic
power between groups (p >0.05). In the deadlift, the mixed group had significantly better
records than the upper body group (p <0.05). In the relative anaerobic peak power, there
were significant differences between training groups with control (p <0.05). Based on the
findings highlighting the role of lower body plyometric training on the transmission of
force into the upper body, it is recommended that athletes use lower body plyometric along
with upper body plyometric training.

Keywords: Upper Body Plyometric Training, Root Mean Square, Median Frequency,
Wingate Anaerobic Test

External Abstract

Background and Abstract

Plyometric training with emphasis on jumping, throwing and leaping components
is important in many sports fields. The changes caused by plyometric training in
human muscle function have a neurological origin [1]. Some studies in this area
have dealt with the neural adaptations of this training method [2-4]. Many studies
have investigated the adaptation in the transfer from the trained limb to the
untrained limb (reciprocal training) and unilateral training in resistance training
[6-7]. However, the transition effect between upper body and lower body
exercises has been paid less attention. The force transmission has an effective role
in sports which more rely on the function of one part of body (e.g., upper body)
and in successful athletic performance. To the best knowledge of the researchers,
however, the transfer effect of plyometric exercises from lower body to upper
body has never been studied. Therefore, it is important to examine the role of
power transfer from lower body to upper body exercises in sports that require the
power generation of a part of the body.

Materials and Methods

The present study has a quasi-experimental pre-test-post-test design. Thirty-six
active students were randomly assigned to the three equal groups: upper body
plyometric exercise (n=12); lower body-upper body plyometric exercise (n=12);
and control (n=12) based on height, weight, fat percentage, body mass index, and
strength. Anthropometric measurements (fat and fat-free mass) [8] and functional
tests (throwing medicine ball over the head, dead lift, Wingate hand) [9-11] were
performed for four sessions in pre- and post-training program. The neuromuscular
activity of selected upper body muscles (pectoral, spinal extensor, biceps brachii,
triceps brachii) also was recorded by an electromyography device during the
execution of the medicine ball throwing test. Intervention groups (upper body
plyometric exercise and lower body-upper body plyometric exercise groups)
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performed exercise program for four weeks three times a week. To determine the
intensity of training, the Borg scale was used. The two training groups first
performed the plyometric push up movement (4 sets of 12 repetitions). In order to
perform the push up, the subjects were lying down (prone) in the anatomical
position, and opened their arms forward in a position where the elbows are slightly
bent and ready to touch the ground [12]. They would then immediately reverse
the movement by quickly opening their arms. After the end of this movement, the
lower-body-upper-body group continued the training by jumping over obstacles
with a variable height of 40-60 cm (4 sets of 12 repetitions) with an interval of 5
seconds between the returns [12]. To compare the mean difference between the
pre-test and post-test of the groups, one-way analysis of variance was used,
followed by Tukey's HSD test at significant level of 0,05 (p <0.05).

Findings

Based on the results, the physiological work (RMS) increased after the 4-week
training in the left pectoral muscle in both upper body and lower body-upper body
groups and in the right pectoral muscle only in the upper body group compared to
the control group, although it was not significant. Besides, no significant
difference was observed in other muscles between the groups.

In addition, the median frequency (MF) of the left (p =0.04) and right (p =0.001)
pectoral muscles in the intervention groups significantly changed after the 4-week
intervention. The median frequency in the upper body group increased compared
to the control group, however, it decreased in the upper body-lower body group
in both muscles.

The median frequency of right erector spine muscles, left biceps brachii, and right
triceps brachii increased only in the upper body group compared to the control
group and decreased in the upper body-lower body group. According to the results
of Tukey's test, there was no significant difference in the median frequency of the
right pectoralis major muscle between the upper body group and the control group,
but a significant difference was observed between the upper body group and the
upper body-lower body group in the right pectoralis major muscle (p <0.05).

As the analysis of anthropometric data (percentage of fat, fat mass and fat-free
mass) shows, the percentage and mass of body fat after the 4-week intervention
decreased in the training groups compared to the control group, however, fat-free
mass increased, although these changes were not significant. In functional test,
the record of throwing medicine ball from above the head in the upper body-lower
body group was not significantly different from the control and upper body group.
In the dead lift, a significant difference was observed between groups (p=0.03).
In Wingate hand test, peak of relative anaerobic power was significantly different
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between the groups (p=0.03). Based on Tukey's post hoc results, participants in
the upper body-lower body group performed better in the deadlift compared to the
upper body group (p=0.01) and the control group (p=0.01). In the variable of peak
relative anaerobic power, two training groups showed improvement compared to
the control group (p=0.02 and p=0.03). Nevertheless, the upper body-lower body
group obtained a slight increase compared to the upper body group in the peak of
absolute anaerobic power after the four-week training program, although this
difference was not significant.

Conclusion

Based on the findings of the present study, performing upper body plyometric
exercises for 4 weeks led to a significant improvement in the mean frequency of
the right and left pectoral muscles compared to the control group. Although these
changes were not observed in the mean frequency of the right and left pectoral
muscles in the upper body-lower body plyometric training group, probably it is
related to the neural efficiency occurred which can be attributed to the muscle
fascia. The absence of differences in the physiological work of the selected
muscles and the average absolute and relative anaerobic power of the Wingate
hand test between two training groups confirmed this issue. In addition, training
programs had no effect on anthropometric parameters. However, lower body and
upper body plyometric exercises were somewhat effective on the performance
status of young athletes. In conclusion, based on the study’s findings which
confirm the role of lower body plyometric exercises on power transmission to the
upper body, it is suggested that athletes can use lower body plyometric exercises
and upper body plyometric exercises at the same time.

Keywords: Upper Body Plyometric Training, Physiologic Work, Median
Frequency, Wingate Test
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1. Unilateral Strength Training
2. Bilateral
3. Cross-Education
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1. Madarame

2. Myofaschia Lines

3. Root Mean Square (RMS)
4. Median Frequency (MDF)
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1. Bone Density (BD)
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1. One-Repetition Maximum (1-RM)
2. Brzycki Equation
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1. Biovision

2. Surface ElectroMyoGraphy for the Non-Invasive Assessment of Muscles (SENIAM)
3. EMG

4., Fast Fourier Transform
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