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ABSTRACT
The purpose was to examine mixed football plyometric with sprint training on hormone and fitness
elements of college students. Twenty-six underweight males 18 to 19 years with BMI < 18.5 kg/m2 and
FFM 40-55 kg were distributed to Training Group 1 (TG-1; FFM-40-45kg, n = 12) and Training Group 2
(TG 2; FFM-46-55 kg, n = 14). The tests were Physical Characteristics, triiodothyronine (T3), thyroxine
(T4), thyroid-stimulating hormone (TSH), speed (20,40, 60 m run), standing long jump (SLJ), sit-ups,
agility and sit and reach parameters at pre and post-test. TG 1 & 2 performed plyometric drills followed
by sprinting short distances and football matches. The training was for 6 weeks, 2/W and 40 minutes per
session. Independent and paired t-test were statistical tools with level of significance at P ≤ 0.05. The
results showed that TG-1 and TG-2 increased by 4.6, 4.4, 4.6, 3.8, 29.4, and 12%, and 4.6, 5.5, 3.4, 3.7, 21,
and 13% in BM, BMI, FFM, SLJ, sit-ups, and sit & reach respectively (P ≤ 0.05). TG-1 dropped by 7.2, 3.6,
3.5, and 23.1% in 20m, 40m, agility, and FT3. The TG-2 reduced in 20m, 40m, 60m, agility, and FT3 by 6.5,
4.8, 4.0, 4.1, and 11.4%, respectively (P ≤ 0.05). It was concluded that mixed football plyometric with
sprint training has an effect on power, muscular endurance, flexibility, speed, and FT3 of two groups of
lean college male students. Both training groups had similar outcomes in most of the study variables with
respect to the FFM.
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the sprint bouts are shorter than 30m and about
half of the sprints are less than 10m in the distance [4].
Plyometric is a brisk and dynamic action that
stimulates the development of performance in
the athletic arena through the physiological
modifications that take place in the central
nervous system [5]. Several studies have concentrated on the effect of mixed resistance and
plyometric work out on speed [6-8], power [9],
agility [10], and flexibility [10, 11] of male subjects. One of the studies has investigated the
impact of mixed plyometric-sprint and strength

INTRODUCTION
Football is a team sport containing different
skills and activities such as jumping, tackling,
and sprinting [1, 2]. It is the most popular game
in the world and the most acceptable, enjoyable,
and performed sports by elite and traditional
people such as students, staff, children, males,
females, and leans. In a football match, sprinting
of 10- l5m (2-4 seconds) occurs every 90 seconds [3]. 3% of playing time and 1- 15% of the
distance covered are taken by sprinting in a
football match [4]. It was confirmed that most of
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bone mineral concentration [17]. Plyometric
training makes muscle hypertrophy and results
in a weight increase for lean individuals. Increasing calorie consumption also can take
place for the treatment of lean people. Investigators overlooked the lean persons and this can be
observed noticeably in the literature.
The triiodothyronine (T3) and the thyroxine
(T4) are the basic thyroid gland hormones that
control the development and the rapidity of the
work of several organisms in the human body.
They increase body metabolism; cause the cardiac system to be more sensitive to the sympathetic nervous movement. The ThyroidStimulating Hormone (TSH) is a hypothalamus
hormone; the excretion of TSH is stimulated
when the T4 build-up is low. The movement of
TSH is inhibited when the T4 is high. The main
influence of TSH is to stimulate the excretion of
T4. One of the previous investigators [28] observed a remarkable shrinkage in FT3 after
training. In contrast, a meaningful elevation in
FT3 was reported after one week of intense resistance training of young female weightlifters
[29]. However, no modifications were noticed in
the FT3 after resistance training [30, 31]. There
were also no alterations in FT4 [30, 31]. A significant drop in FT4 was reported [32]. Remarkable reductions were stated in TSH after
resistance exercise [29, 32]. However, no adaptation in TSH was indicated [30, 31].
In our understanding, no single research investigated the efficacy of mixed football plyometric
plus sprint training on FT3, FT4, TSH of underweight college male students whose BMI is less
than 18.5 kg / m 2 and his FFM ranged between
40-45 and 46-55 kg. Consequently, the objective
of this investigation was to counterpart the influence of mixed football plyometric plus sprint
work out on selected hormones, speed, power,
muscular endurance, agility, and flexibility of
lean college male students.

working out with the Meridian elite sporty shoe
for swiftness and strength in females [12]. Another exploration has observed the influence of
unified sprint and jumps workout on the speed
of young male football players for a period of 6
weeks [13]. The outcomes of a few more research probes have discovered that there is a
remarkable metamorphosis amid groups at a
sprint phase [14], power [14], robustness [12],
dexterity and suppleness [10]. The outcomes of
various other studies have established that
these parameters had detected comparable consequences among groups [6-9]. Conversely,
some of these investigations have been told confident training influence when the pre-test was
compared with the post-test [4, 7, 8].
Sprinting is one of the main contributors in
many sports comprises of three stages: an acceleration stage, a maximum stage, and a deceleration stage [15, 16] No training effects were
confirmed between groups after 20m of sprint
training among male subjects [17]. One research
study showed a significant reduction in the 20m
sprint by 3.1% [16]. Significant declines in 40m
sprint times by 1.1% [8] and 5.6% [18] have
been stated in the literature. In the 60m sprint, a
significant drop by 8% was reported by a former research study [18]. The agility times declined meaningfully by 1.5% [19], 4.3% [16],
1.7% [20] and 3% [21] after working out. In
contrast, no alterations were realized in agility
times [22, 23]. In the SLJ, one of the previous
studies pointed out remarkable modifications
between groups [24], but an additional one reported similar results [11]. A number of earlier
studies stated remarkable rises in SLJ by 10%
[11], 2.8 to 3.2% [16], 10 to 14% [9], 5.5% [24]
and 7 to 9% [19]. At sit and reach, there was no
variation after 6 weeks of plyometric training
among male swimmer athletes aged 11-14 years
old [11]. The sit-ups went up remarkably by
66% after 8 weeks of circuit strength endurance
training among underweight male college students [25].
The underweight subject is the person whose
BMI is less than 18.5 kg / m2 [26, 27]. Such a
person is considered to be suffering from health
issues, related to some therapeutic risk elements such as hyperthyroidism, food deficit,
sickness, and genetic. These problems can be
overcome by using sprint and strength training
that develops boy mass [17], muscle tenor, and

METHOD
Twenty-six inactive underweight college
students from King Fahd University of
Petroleum and Minerals (KFUPM) joined as
participants. The subjects were chosen
according to two factors. 1) The body mass
index (BMI) is lower than 18.5 kg/m2. 2) The
fat-free mass (FFM) ranged between 40 to 45
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by 20 min of football matches. In each training
session, the participants were administered to
execute 3 sets per exercise drill. Each set
consists of long jump, single-leg hop and double
leg hop followed by sprinting for 20, 30, and
40m, respectively. All students were questioned
to perform the plyometric drills with full height
and distance. They also were asked to run at full
speed. Moreover, they took part in the warm-up
session before the start of each training session,
which went on for 5 minutes. After each training
session, they also took part in the cool down
session lasting for 5 minutes duration. Mean and
standard deviation was computed for all values
via SPSS version 16.0 software. The Paired t-test
was utilized to recognize any significant
difference within the group independently. The
independent t-test was utilized to differentiate
between groups (Post- tests minus pre-tests).
0.05 was fixed as the significance level.

and 46 to 55 kg. The subjects were separated
into two training groups, named a training
group-1 (TG-1, FFM (40-45 kg), n = 12) and a
training group-2 (TG-2, FFM (46-55 kg), n = 14).
The agreement of the participants was
determined for their optional involvement
throughout the working out period. The subjects
were asked to eliminate their agreement in case
they felt any distress in the course of the period
of involvement in the study. All inquiries of the
subjects were responded. The dependent
variables that were examined in this study are
physical characteristic (age, H, BM, BMI, %BF,
FFM), hormones (FT3, FT4, TSH), sprint (20m,
40m, 60m), change of direction (Illinois Agility
test), power (SLJ), muscular endurance (sit-ups
for 30 seconds) and flexibility (sit & reach). The
adaptation phase took place before one week of
the pre-testing. The Training Program (TP) was
administered for 6 weeks, twice a week and for
40 min per session. Both TGs performed
plyometric drills and sprint for 20 min followed

RESULTS

Table 1: Physical characteristics variables computed before and after training
Tests
Age (v)
Height (cm)

Body Mass (kg)

Body Mass Index
(kg/m2)

BF (%)

FFM (kg)

Pre
Pre
Pre
Post
Change
Pre
Post
Change
Pre
Post
Change
Pre
Post
Change

TG-1
FFM = 40-45 kg
n = 12
18.58 ± 0.5 l
168.50 ± 5.50
46.91 ± 2.70
49.08 ± 2.76
2.16 ± 1.37
16.48± 1.17
17.21± 1.20
0.73 ± 0.53
9.75 ± 3.25
9.62 ± 3.46
-0.12 ± 1.24
42.30 ± 1.83
44.28 ± 1.67
1.98 ± 1.05

TG-2
FFM = 4ti-55 kg
n = 14
18.43 ± 0.51
174.36 ± 4.76
53.76 ± 3.39
56.25 ± 3.78
2.48 ± 2.41
17.57 ± 0.80
18.54 ± 1.15
0.96 ± 1.09
9.37 ± 1.81
10. 12 ± 2.65
0.75 ± 1.50
48.75 ± 2.82
50.44 ± 2.88
1.68 ± 1.36

P-Values
0.452
0.007*
0 000*
0 000*
0.689
0.010*
0.009*
0.513
0.717
0.678
0.124
0.000*
0.000*
0.546

BM: body mass, BMI: body mass index, Pre: earlier to exercise measure. Post: subsequently to exercise measure, Change:posttest minus pre-test, SD: standard deviation, P-values: Probability of significance, *: significant.

The independent t-test reported no changes
between both training groups of all physical
character variables (P > 0.05). Whereas, the
paired t-tests showed that the TG-1 exhibited

increases in BM, BMI, and FFM by 4.6%, 4.4%,
and 4.6%, respectively (P ≤ 0.05). The TG-2 also
showed increments in BM, BMI, and FFM by 4.6,
5.5, and 3.4%, respectively (P ≤ 0.05).

Table 2. Represents speed, power, muscular endurance, flexibility and agility parameters measured at
pre and post-tests
Parameters

Tests

TG-1 FFM (40-45 kg)

n

TG-2FFM (46-55 kg)

n

P-Values

20M Run (sec)

Pre
Post

3.46 ± 0.l9
3.21 ± 0.27

12
12

3.36 ± 0.15
3.14 ± 0.23

l4
14

0.188
0.497
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4 30M Run (sec)

40M Run (sec)

SLJ
(cm)

Sit-Ups (reps /30 sec)

Sit & Reach (cm)

Agility (sec)
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Change
Pre
Post
Change
Pre
Post
Change
Pre
Post
Change
Pre
Post
Change
Pre
Post
Change
Pre
Post
Change

-0.24 ± 0.28
6.28 ± 0.47
6.05 ± 0.25
-0.18 ± 0.26
8.89 ± 0.60
8.70 ± 0.65
-0.18 ± 0.30
184.83 ± 26.99
191.25 ± 24.01
6.42 ± 5.43
17.75 ± 3.54
22.67 ± 3.82
4.92 ± 2.06
25.42 ± 7.79
28.58 ± 7.93
3.l7 ± 2.32
18.18 ± 0.76
17.54 ± 0.74
-0.63 ± 0.44

12
10
10
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

-0.22 ± 0.18
6.13 ± 0.44
5.83 ± 0.39
-0.30 ± 0.22
8.42 ± 0.48
8.08 ± 0.52
-0.33 ± 0.24
185.43 ± 27.65
192.57 ± 26.72
7.14 ± 3.59
19.79 ± 4.67
23.29 ± 5.03
3.50 ± 1.87
23.93 ± 9.31
26.29 ± 9.65
2.36 ± 1.59
17.95 ± 0.87
17.20 ± 0.71
-0.75 ± 0.36

l4
14
14
14
14
14
14
14
14
l4
14
l4
14
14
14
14
l4
14
14

0.790
0.452
0.125
0.227
0.036*
0.013*
0. 199
0.956
0.896
0.687
0.229
0.731
0.079
0.666
0.518
0.306
0.489
0.243
0.470

n: number of subjects in each group, m: meter, sec: seconds

60m, and agility, respectively, P ≤ 0.05. Once, the
post-tests were correlated with the pre-tests by
the independent t-tests, there were no changes
in SLJ, 20m, 40m, 60m run, agility, sit-ups, and
sit & reach (P > 0.05). These results can be seen
in Table 2.

The TG-1 increased in SLJ, sit-ups, and sit &
reach by 3.8, 29.4, and 12%, respectively, (P
≤0.05) and decreased in 20m, 40m, and agility
by 7.2, 3.6 and 3.5% respectively, P ≤ 0.05. The
TG-2 also raised by 3.7, 21 and 13% in SLJ, situps and sit & reach, respectively, P ≤ 0.05 and
dropped by 6.5, 4.8, 4, and 4.1% in 20m, 40m,

Figure 1: Free Triiodothyronine (FT3) of two training groups measured at pre and post-training.
(from 6.02 ± 0.86 to 5.33 ± 0.33 pmol/l, P =
0.026). The TG-1 showed greater reduction than
the TG-2 (-1.59 ± 0.59 vs -0.68 ± 0.62 pmol/1,
respectively, P = 0.30) as soon as the post-tests
were subtracted from the pre-tests

It can be seen from Figure 1 that the TG-1
reduced by 23.1% (from 6.92 ± 0.67 to 5.32
±0.80 pmol/1, P = 0.004) once the post-test was
counterpart with the pre-test for each group
independently. The TG-2 also fall by 11.4%
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Free Thyroxine (FT4)

Figure 2: Free Thyroxine (FT4) measured at pre and post-training.
Changes were not observed between groups at
pre-tests, post-tests, or post-tests minus pretests or within the group; the post-test was

compared with the pre-tests independently (P >
0.05) as observed in Figure 2.

Thyrold•StlmuIat1ng Hormone {TSH)

Figure 3. Thyroid-Stimulating Hormone (TSH) measured at pre- and post-training.
The conclusions of this study pointed to positive
working out effects in FT3 between and within
each group. These consequences are alike to the
previous findings of Simsch et al. (2002) who
indicated a significant decrease in FT3 after
resistance exercise [28]. In contrast, the
outcomes of the present study are in
disagreement with the previous study of Alen et
al. (1993) who described a remarkable increase
in FT3 within a week of intense resistance
training of young women weightlifters [29].
However, Rahimi et al. (2013) and Pakarinen et
al. (1988) stated no variations in FT3 after
resistance training [10, 32]. The differences

Similar outcomes were stated between groups
(independent t-test) and within groups (paired ttests) (P > 0.05). These consequences can be
seen in Figure 3.
DISCUSSION
It was assumed that the TG-2 (FFM = 46-55 kg)
will lead over the TG- 1 (FFM = 40-45 kg) in all
the study variables. Nevertheless, this is not
happening because both the training groups
were untrained and improved by similar
percentages after training despite the significant
differences in the FFM before training.
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1) and 4.8% (TG-2) decreases were observed.
These outcomes are corresponding with the
finding of Ronnestad, 2008 (1.1%), and Ratamess,
2007 (5.6%) [8, 18]. These results may be
because the hip and the knee extensors contract
explosively to accelerate speed are the main
body parts contributing to the acceleration
phase. The acceleration stage is dependent on
reaction time and the athlete’s ability to create
force and power of momentum [36]. The hip and
the ankle extensor are the greatest participated
portion of the body in the maximum speed level
[36, 38] which may increase power by sprinting
and plyometric exercises. The flexibility of the
plantar flexor muscles has a great impact on the
attainment of the maximum speed of 40m run
[18]. The hip flexors [39] and knee extensors [35,
40] are the most contributors in the deceleration
stage
At agility times, 3.5% (TG-1) and 4.1% (TG-2)
drops were stated in the current study. These
consequences are consistent with Kumar, 20l3
(1.5%), Markovic, 2007 (4.3%), Vaczi, 20l3
(1.7%), and Millar, 2006 (3%) [16, 19-21]. In
contrast, no changes were observed in agility
times [22, 23]. The agility is the ability of the
physique to alter the course of movement and is
based on acceleration and deceleration stages of
speed [37]. The enhancement in agility can be
credited to better motor enrollment or neural
variation [21], muscle hypertrophy [41], and
knee extensor strength [35, 36].
In our study, the increases of 3.8% and 3.7% in
SLJ were observed in TG-1 and TG-2,
respectively (P ≤ 0.05). These outcomes agreed
with the funding of Sadeghi, 2013 (10%),
Markovic, 2007 (2.8-3.2%), Panakal, 2012 (1014%), Faigenbaum, 2007 (5.5%), and Ratamess,
2007 (7-9%) [9, 11, 16, 18, 24]. Ratamess et al
(2007) observed that superior influences of the
plantar flexor muscles of the hip, knee, and
ankle were 46, 4, and 50%, respectively in the
course of the propulsive stage of the SLJ [18].
Power production [42] was enhanced by
coordination
[43]
and
neuromuscular
adaptations [44] that were induced by the
plyometric training.
Our finding of sit and reach increased by 12%
(TG- l) and 13% (TG-2). The outcomes are
against the study of Sadeghi et al. (2013) who
reported no changes after 6 weeks of plyometric
training among male swimmer athletes aged 11-

between the current findings and the previous
results may be due to the use of different types
of subjects, gender, training status, and blood
sample testing time. No training effect in the
FT4 was observed in the current study.
Prospectively, our findings correspond with
Rahimi et al. 2013, and Simsch et al (2002) [31,
28], while, Pakarinen et al. (1988) indicated a
significant decrease in FT4 [32]. A nonsignificant drop was indicated in the current
study in TSH. The outcome was not identical to
the previous investigation of Simsch et al
(2002). Pakarinen et al (1991), and Alen et al
(1993) confirmed meaningful falls in TSH after
resistance training [28, 29, 32]. Rahimi et al.
(2013) investigated the effect of resistance
working out on thyroid hormones among male
college students and found out no alterations in
TSH after training [31]. The impact of 6 weeks of
mixed football plyometric with sprint training
on the thyroid and the hypothalamus hormones
is not clear up till now and this topic did not
take enough attention by researchers and
scientists. The lean individual is an example of
the unawareness in this field of study [33].
In our study, training effects were observed in
the 20m sprint by 7.2% (TG-1) and 6.5% (TG-2).
These outcomes are in agreement with the
finding of Markovic, (2007) of a 3.1% decrease
[16]. However, one study was not in agreement
with this outcome which found out that training
groups have similar sprint time values after
training [34]. They compared the influence of
two-plyometric working out methods on power
and agility in youth soccer players. The conflict
between Thomas et al (2002) and our study may be
due to the use of different types of subjects
(trained soccer players) [34]. A 20m sprint
represents the acceleration stage; in this stage,
the hip and the knee extensors were the main
body parts used mostly by the subjects to
accelerate speed [35, 36]. The underweight
students executed 12 sessions by plyometric
workouts (single leg hop, double leg hops, and
long jumps) and used short sprint bouts such as
20m and 30m. The above protocol reinforced the
hip and knee extensors of the participants and
resulted in the exercise outcomes amongst the
lean students. It may also because of the drop in
ground contact time from < 200 milliseconds at
speeds up phase two < 1 00 milliseconds at
maximum stage [37]. In a 40m sprint, 3.6% (TG-
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6.

14 years old [11]. This conflict may be due to the
types (trained athletes) and the age (11 -14
years) of the subjects. The improvement of sit
and reach may be due to the participation in the
combined training program in the current study.
The hamstring and the back muscles are the main
contributors to the flexibility test.
The current investigation indicated an increase
of 29.4% and 21% in sit-ups. These consequences
are in line with the result of Jafari et al. (2015)
who insured an increase of 66.6% after 8 weeks
of circuit strength endurance training among
underweight male college students [25]. The
greatest result of Jafari may be due to the rise of
taller (177 cm) heavier (59 kg) subjects, and
extended time (8 weeks) and greater frequency
(3 days per week) of the training program.

7.

8.

CONCLUSION
It was concluded that 6 weeks of mixed football
plyometric with sprint training has a training
effect on power, muscular endurance, flexibility,
speed, and FT3 of two groups of lean male
college students. Both training groups had
similar outcomes in most of the study variables
with respect to the FFM.

9.

10.
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