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Abstract

Background and study aim: Plyometric training is widely acknowledged as an effective option for athletes to attain improved
physical performance. A variety of exercises involving the lower limb’s stretch-shortening cycle can be used for plyometric training.
Numerous studies have examined the impact of plyometric training on various outcomes in various populations over the past few
decades.

Objective: This study set out to ascertain how a six-week plyometric training programme affected the development of
speed-strength fitness measurements in male team handball athletes.

Material and methods: Total of thirty intercollegiate level team handball athletes were randomly assigned to 2 groups i.e.
plyometric training group with an average age of 20.7 + 0.7 years, height of 175.3 4.2, weight of 75.1 £ 4.1 and BMI of 24.43
+ 0.97; control group with an average age of 20.8 + 0.7, height of 175.1 £ 4., weight of 74.9 £ 3.1 and BMI of 24.47 + 1.37. The
linear sprint (10 m and 30 m), standing long jump (SLJ), and change of direction sprint (CODS) were evaluated before and after
the intervention for thirty male team handball athletes who were randomly assigned to either the plyometric training group (PTG)
(n = 15) or the control group (CG) (n = 15).

Results: Within group changes were analyzed using paired t-test. The significant differences obtained between the tests
in all dependent variables.

Conclusion: When it comes to linear sprints, standing long jumps, and change of direction sprints, plyometric training works
better than CG. Consequently, adding either plyometric training or sport-specific training to an athlete’s regimen may help male
team handball players achieve greater speed-strength fitness.

Keywords: plyometric training, team handball, speed, lower limb muscle power and change of direction speed.

AHotauin. [locnigkeHHA edeKTUBHOCTI LIECTUTUXKHEBOro NNioMeTPUYHOro TpeHyBaHHS Ha LWBUAKICHO-CUIOBY
niaroToBrneHicTb raHa6onicTiB YonoBiunx komaHAa. Banagxi Etipagx, MypyraBen Kamartui, Pagxkymap MapisannaH, JIlo-
recBapaH Cyb66pamaHi, Bimxasicankap Benyyami, [leBapagx YiHHaTxamb6i. [Tepedicmopis ma mema 00cridxeHHSsI: niome-
TPUYHE TPEHYBaHHS LUMPOKO BM3HaHE sk eheKTMBHUIN BapiaHT AN CMIOPTCMEHIB, LLIO AO3BONAE NOKpaLmTy isnyHy npauesaar-
HicTb. [N nnioMeTpuYHOro TpeHyBaHHA MOXHa BUKOPUCTOBYBATU Pi3Hi BNPaBW, LLO BKIHOYAKTb LIMKI PO3TAryBaHHA-CKOPOYEHHS
HVXKHIX KiHLiBOK. OCTaHHI Kifbka AeCATUMITb Y YNCNIEHHNUX OOCAIMIKEHHSAX BUBYANOCH BNAUB MIIOMETPUYHMUX TPEHYBaHb Ha Pi3Hi
pesynsTaTti y pi3HUX rpynax HaceneHHsi. Mema: 3'icyBaTh Sk LUECTUTUXKHEBA NporpamMa ninioMeTpUYHNX TpeHyBaHb BMVHyNa
Ha PO3BUTOK MOKA3HUKIB LUBMAKICHO-CUIIOBOI NiATOTOBKM Yy CMIOPTCMEHIB YONMOBIUMX koMaHz 3 raHabony. Mamepianu ma memodu.
YCboro TpuauUsiTb CNOPTCMEHIB-raHAboMICTIB MibkBY3iBCbKOI KOMaHAM Oynu BUNagKoBMM YMHOM PO3MNOAINEHi Ha 2 rpynu, a came
rpyny nnioMeTpu4yHoi NiAroToBKM i3 cepeHim Bikom 20,7+0,7 pokiB, 3i 3poctom 175,3+4,2, Baroto 75,1+4,1 Ta IMT 24,43+0,97;
KOHTpOnbHa rpyna i3 cepegHim Bikom 20,8+0,7 pokiB, 3i 3poctom 175,114, Baroto 74,9+3,1 1a IMT 24,47+1,37. CnpuHT (10 m Ta 30
M), CTPMBOK y AOBXUHY 3 Micusa (SLJ) Ta cnpuHT 3i amiHoto Hanpsamy (CODS) ouiHloBanucs Ao Ta Nicns BTPYYaHHSA A4nS TPUAUSTH
crnopTcMeHiB-raHA6oMICTIB YONoBivOi kKOMaHAK, Sk BUNaakoBo Gynv po3noAineHi B ogHy 3 rpyn nniomeTpuyHoi nigrotosku (MTI)
(n=15) abo koHTponbHy rpyny (KI) (n=15). Pe3synbmamu: BHYTPIiLLHBOrPYMNoBi 3MiHX NpoaHani3aoBaHO 3 BUKOPUCTaAHHAM MapHOro
t-kpuTepito. [JOCTOBIpHI BiAMIHHOCTI OTpMMaHi MiXX TeCTamu 3a BCiMa 3anexXHUMu 3MiHHUMW. BUCHOBKU: KONV crnpasa JoXoauTb A0
CMPWHTY, CTPUOKIB Y JOBXMHY 3 MiCLISt T CIPUHTY 3i 3MIHOKO Hanpsimy, NIioOMeTPUYHE TPEHYBaHHA NPaLoe Kpalle, HiX 3BudanHe y
KOHTpOMbHIK rpyni. OTxe, Ao4aBaHHA 4O PEXMMY CnopTCMeHa abo NNioMETPUYHOro TPeHYBaHHSA, abo crnevianbHOro CopTUBHOIO
TPEHYBaHHS MOXeE JOMOMOITY raHabonicTaM YonoBiuMX KOMaHA, OCSATTY KpaLLMX NOKA3HUKIB LUBMAKICHO-CUIMOBOI NiATOTOBKM.

KnioyoBi cnoBa: nniomeTpryHe TpeHyBaHHs, KOMaHAHUIA raHA6o0M, WBWUAKICTb, CUNa M’A3iB HKHIX KIHLIBOK Ta LWBMAKICTb
3MiHW HanpsIMKY.

Introduction The Russian researcher Zaciorski used the term “plyo-
metric” for the first time in his work in 1966 [5]. Zaciorski coined
the term “plyometric” because, in these kinds of SSC exercises,
the muscle group’s externally measured tension (“metron”) is
greater (“plio”) than the muscle group’s internal tension [5].
Over the past decades, various classification schemes
for plyometric exercises have been employed. Verkhoshanski
athletic ability and prevent injuries [3] and be conscious of their  [6] Proposed the first classification scheme, which divided plyo-

own ability to tolerate more rigorous sports training or competi-  Metric exercises into two categories: impact (involving an ad-
tion [4]. ditional external load) and non-impact (involving no additional

The development of outstanding sports performance is
the ultimate goal of sports training in competitive sports, and
the most important factor in enhancing athletic ability is an ath-
lete’s physical fitness [1]. To properly execute tasks specific to
a sport, a better physical fitness is needed [2]. However, ath-
letes who are exceptionally physically fit can improve their own
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external load). Plyometric training is conceptually composed of
two contractions: an explosive concentric contraction and an
eccentric contraction. In the meantime, scientists commonly
refer to the stretch-shortening cycle (SSC) as the change from
the eccentric to the concentric phases of action [7].

In recent times, plyometric training has been divided
into three categories: assisted (such as when an elastic band is
used to assist), resisted (such as when the exercises are car-
ried out in a variety of outdoor conditions like sand, water, and
extra external loads), and traditional (such as jumps in place,
standing jumps, multiple hops and jumps, bounds, and drop
jumps) [8]. In many sports where sprinting, jumping, and di-
rection-changing are required, plyometric training is frequently
employed to enhance physical performance [9]. In team sports,
athletes’ physical fitness levels play a significant role in deter-
mining their success [10]. This makes sense because in order
to outperform opponents during play, athletes must put forth
numerous short-term efforts like sprints, jumps, change of di-
rection (COD), etc [11, 12, 13]. Furthermore, these skills could
also distinguish the athlete’s level of play [14,15].

Research on team handball has grown significantly in
recent years as a result of the increased popularity of this game
over the past few decades [16]. The influence of this shift in
demographics has resulted in a consistent rise in the pool of
potential athletes participating in team handball [17]. Players’
technical and physical skills have consequently significantly im-
proved, with a focus on improving their ability to move quickly
and with great power [18]. This means that both offensive and
defensive game scenarios typically involve quick-witted and
high-paced play [19]. As a result, players in modern handball
must be able to execute a variety of explosive motor skills, in-
cluding jumping vertically and accelerating and decelerating
[20].

These days, a growing amount of experimental re-
search has investigated how plyometric training affects an
athlete’s speed-strength fitness characteristics. For example,
Hammami et al., [21] study found that plyometric training for the
upper and lower limbs is a useful and time-efficient method for
improving young female handball players whole-body physical
performance. According to one study, plyometric training can
significantly improve athletic performance in team sports like
team handball [22] considering that players frequently run, ac-
celerate, jump, or throw. Furthermore, team handball is typi-
fied by regular physical altercations between players and calls
for accelerations to initiate counterattacks or COD to defeat
the opposition [23]. Since handball demands a high level of
speed-strength fitness, plyometric training can complement an
athlete’s regular training regimen and has some advantages
over other training techniques (e.g., easy to use in any context,
beneficial effects on strength and power, low interference with
other training methods).

Drawing from prior research, our hypothesis was that
level of speed-strength fitness team handball players could
be enhanced through plyometric training. The purpose of this
study is to assess the effects of plyometric training intervention
on speed, lower limb muscle power and change of direction
speed among handball athletes in order to shed light on the

Table 1. Participants Characteristics (X + o)

effects of plyometric training on speed-strength fithness perfor-
mance.

Materials and Methods

Electronic searches were carried out by the investiga-
tors (KM and EB). Search engines used to locate published
articles included MEDLINE, EMBASE, Scopus, Science Di-
rect Databases Directory of Open Access Journals (DOAJ),
PubMed, and Google Scholar. The terms “Plyometric train-
ing”, “speed”, “change of direction speed”, “lower limb muscle
power”, and the conjunctions “OR/AND” were used as essential
terms. Searches could only be conducted in English. The stud-
ies detailing how body flexibility is affected by suryanamasakar
are considered for literature review.

Study Participants

Thirty intercollegiate level team handball athletes were
randomly assigned to 2 groups (i.e., PTG and GG) using the
method of randomly permuted blocks using Research Random-
izer, a program published on a publicly accessible official web-
site (www.randomizer.org) their ranged from 18 to 23 years. All
subjects were advised not to decrease or increase their daily
sports and regular activities over the course of the study.

Procedure

To minimize any learning effects, two familiarization ses-
sions for the testing procedures and three familiarization ses-
sions for the plyometric exercises were held prior to the start
of the intervention, right before the baseline assessments.
Data on demographics were gathered. In addition, participants
were instructed to eat a regular food and abstain from caffeine
for three hours prior to testing, as well as to refrain from any
strenuous activity for a full day. To reduce the impact of circa-
dian fluctuations, pre-post measurements were carried out for
all participants at similar times of day, involving linear sprint,
CODS, and SLJ on the same day. Every participant underwent
the same testing in the same order. On the day of the test, par-
ticipants completed a general warm-up that lasted ten minutes.

[ Familianization Sessions ]

Randomization One week
[ Baseline assessments l
Plyometric Training Control Group

n=1% n=15

Two sessions per week ﬂ Six weeks

Post-intervention
measurements

Figure 1. Schematic of the study design

. Age Height Weight BMI
Groups No. of subjects (In years) (In centimeters) (In Kilograms) (In Kg/m?)
PT (G1) 15 20.7£0.7 175.3 +4.2 75.1+4.1 24.43 +0.97
Control (G2) 15 20.8+0.7 175.1+4.1 749+ 3.1 2447 +1.37
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Training intervention

For six weeks, plyometric training was conducted on
Tuesday and Thursday (two non-consecutive weekdays). With
the exception of the day they completed the plyometric training
programme (part of regular training), the respondents complet-
ed their regular 60-minute workouts four times a week in ad-
dition to one game day. A prescribed warm-up that comprised
dynamic stretches lasting roughly ten minutes and running at
progressively faster speeds while being directed by spoken
cues [24]. The number of jumps was used to determine the
training volume, and it was increased weekly. The complexity
and intensity of the jump exercises increased throughout each
training session. A technique-based jump progression was
used to determine the intensity (exercise complexity). Table 2
provides details on plyometric training. The handball athletes
were taught the mechanics of the jumps and encouraged to
jump as hard as they could; all jumps were performed on the
same floor in the same environment, with rest lasting 30 and 90
seconds, respectively.

Assessment Protocols

Anthropometric measurements:

The stadiometer was used to measure the height, a por-
table digital scale with a 0.1 kg precision was used to weigh
participants who were minimal and did not wear shoes. Using
a tape measure and a standard procedure, height was mea-
sured. The body mass index (BMI) was computed as follows:
weight (kg) divided by height (m?) squared.

Speed

The protocols for the linear sprint speed test were modi-
fied from those described in an earlier study, and the tests
were run over 10 and 30 meter distances [25]. An outdoor track
was used for the testing. Standing behind a start line with their
chosen leg forward, participants were told to begin only upon
the assessor’'s command. The interclass correlation coefficient
(ICC) values between timekeepers were 0.99 for both 10 m and
30 m. Two independent assistants who were not involved in
the study were chosen to serve as timekeepers, and they were
tasked with timing each trial using a hand stopwatch (Casio
S053 HF-70W-1DF, Casio Computer Co., Ltd., Tokyo, Japan).
For analysis, the two timekeepers’ recorded times were aver-
aged. A linear sprint test lasting 10 and 30 metres was per-
formed in two trials, with a one-minute break in between each
trial. The fastest trial was chosen for additional examination.
For the 10 m sprint test, the internal consistency coefficient
(ICC) was 0.66 (95% confidence interval [Cl]: 0.44-0.80), and
for the 30 m sprint test, it was 0.80 (95% CI: 0.66—0.88).

Lower limb muscle power

The muscle power in the lower limbs was evaluated us-
ing the standing long jump (SLJ). The testing procedure was

Table 2. Plyometric training schedule

modified using techniques described in an earlier investigation
[26] and carried out on an outdoor track. Participants were told
to swing their arms and countermove to a depth of their choice
while standing behind a start line with their feet slightly apart.
Then, they were to take off and land on both legs. There was
verbal encouragement to jump as far as they could. From the
starting line to the closest point of contact on the landing that
is, the rear of the closest heel—the measurement was taken.
After one minute of rest in between each of the two jumps, the
longest jump was chosen for examination. In the test-retest
scenario, the ICC was 0.88 (95% CI: 0.81-0.93).

Change of direction speed

The Modified Agility T-test, or MAT, was utilized to mea-
sure the speed with direction changes, such as sprinting for-
ward, shuffle walking to the left and right, and running backward.
The protocol was modified based on procedures described in a
prior investigation (Figure 2) [27]. Two independent assistants
who were not involved in the study were designated as time-
keepers (ICC between timekeepers was 0.99), and they were
tasked with using a hand stopwatch (Casio S053 HF-70W-1DF)
to record the timing of each trial.

- b
@ Start / Finish

Figure 2. Change-of-direction speed time was mea-
sured using the modified agility T-test configuration. Cones
measuring 0.64 metres in height were positioned at points A, B,
C and D. The participants’ instructions were to run from point A
to point B, turn 90 degrees from cone B to cone C, turn 180 de-
grees at cone C towards cone B, weave at cone B towards cone
D, turn 180 degrees at cone D towards cone B and finally run
to the start/finish line. Without touching the cones, participants
had to turn or weave around them. If the cones moved during a
direction change, the trial was discarded, and participants had
to restart it after three minutes of rest (i.e., slowly standing or
walking). With their backs constantly facing the start/finish line,
the participants finished the test.

Note: The movement pattern during the test is indicated
by the black dotted line.

Exercises 1-2 weeks 3-4 weeks 5-6 weeks
Squat jump 2 x5* 3x5 3x5
Plyo-pushup 2x5 3x5 4x5
Jump lunges 2x5 3x5 3x5
Tuck jump 2x5 3x5 3x5
Double leg speed hops 2x10 3x10 3x10
Burpee 2x5 3x5 4x5
Medicine ball (MB) throw (kg) 2x10 (1) 2x10 (2) 2x10 (3)
Alternative leg bounds - 3x10
Total no. of jumps/Push ups/MB throws (kg) 60/20/20(1) 90/30/20(2) 125/40/20(3)

*denotes sets x repetitions
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Statistical Analysis

The data analysis procedure in this study consisted of
two steps: the Shapiro-Wilk test and the Paired Sample t-test.
This study employs a paired sample t-test hypothesis test. This
test’s objective is to compare the pretest and posttest results.
For the statistical analysis in this study, IBM SPSS Statistics
16.0 was used. (SPSS, Inc.; USA; Chicago, IL)

Results

Adverse effects
There were no withdrawals from the study, injuries or
missed training sessions among the participants.

The six-week study involved thirty days of plyometric
practice, comprising one pretest, thirty treatments, and one
post-test. The results of the computation of lower limb muscle
power, speed, and direction-changing speed are as follows.

The data are displayed as means + SD and sig. value;
if the sig. = 0.05, the data are considered normally distributed

Based on the results of table 3 above, the Shapiro-Wilk
test instrument was used to determine the pretest and posttest
results for both the treatment group and the control group. All of
the data from the research findings were normally distributed,
the hypothesis was then tested using the paired sample t-test
in parametric statistics.

Based on the results of Table 3 above and from the
results of the hypothesis test with the Paired Sample t-Test,
the speed, lower limb muscular power and change of direction

Table 3. Normality test

speed of experimental group results obtained sig (2-tailed) val-
ue of 0.000 <0.05, it can be concluded that there is a significant
improvement in the selected variables due to six-week plyomet-
ric training. When contrasting the outcomes of the experimental
and control groups, there has been a minor increase in speed
in the control group. Yet, the experimental group outperformed
the control group in terms of speed, lower limb muscle power
and change of direction speed.

BEG
LG

L R R L R S = e ]
P T N TR N

PRETEST
FOSTTEST
PRETEST
POSTTEST
PRETEST
POSTTEST

SPRINT SL] MAT

Figure 3. Bar diagram displays the pre- and post-test
results for the treatment and control groups for sprint, standing
long jump and change of direction speed.

Discussion

This study evaluates how plyometric training affects
team handball athletes’ speed, lower limb muscle power, and
change of direction speed. Our results showed that six weeks

Shapiro-Wilk
Variabl T
Groups ariable ests Statistic df Significant
30 m sorint Pre 0.95 15 0.50
P Post 0.91 15 0.12
EG SLJ Pre 0.89 15 0.06
Post 0.93 15 0.29
Pre 0.88 15 0.05
MAT Post 0.90 15 0.08
30 m sorint Pre 0.92 15 0.20
P Post 0.95 15 0.46
Pre 0.88 15 0.05
L
ce St Post 0.88 15 0.05
Pre 0.88 15 0.05
MAT Post 0.93 15 0.29
Table 4. Paired Sample t Test
Paired Difference si
. o - ig.
Groups Variables Mean + SD Std. Error 95% Confidence Interval t df (2 tailed)
Mean Lower Upper
Pre-post 0.25£0.07 0.01 0.21 0.29 12.85 14 0.000
speed
Pre-post
EG LLMP 0.21+£0.14 0.04 0.28 0.13 5.77 14 0.000
Pre-post
CcOoDS 0.57£0.13 0.03 0.50 0.64 17 14 0.000
Pre-post 0.03 £0.10 0.02 0.03 0.09 1.23 14 0.238
speed
Pre-post
CG LLMP 0.01+£0.03 0.01 0.01 0.02 1 14 0.334
Pre-post
coDs 0.01 £0.02 0.01 0.02 0.007 1 14 0.334

*Statistically significant difference, mean scores at point comparisons from baseline: sig (2-tailed) value of < 0.05; data are

presented as means + SD.

47



ISSN (print) 1991-0177, ISSN (online) 1999-818X

SLOBOZHANSKYI HERALD OF SCIENCE AND SPORT

Vollum 28 No. 1, 2024

of plyometric training increased handball players’ speed, lower
limb muscle power, and change of direction speed.

Many experimental studies conducted in the last few
decades have suggested that plyometric training has positive
effects on both the performance of sport tasks like sprint time,
change of direction speed, and jump performance, as well as
speed-strength capacities like muscle strength, muscle power,
explosive strength, and even endurance performance [28,29].

Plyometric training significantly improved agility, accord-
ing to our research. Research from the past has confirmed this
finding: athletes’ change of direction speed is affected more
by upper and lower limb plyometric training when compared
to active controls. Three reviews that used different inclusion
criteria than the current study yielded results that were com-
parable to ours, indicating an increase in agility [30]. Increases
in sprint performance may be explained by a number of physi-
ological factors, some of which share similarities with the pre-
viously mentioned improvements in lower body muscle power
and strength. First, motor unit recruitment patterns are changed
by plyometric exercise (primarily in the fast muscle fibres) [31].
It increases the frequency of motor unit activation, which im-
proves the lower extremities’ maximum muscular strength and
power capacity. This allows athletes to sprint faster at the start
of a race and extend their strides [10].

Gains in direction speed following plyometric training
may, in fact, be linked to three things: (1) stronger quadriceps
muscles; (2) more effective braking ability; and (3) improved
muscle force output and movement efficiency [32]. Additionally,
plyometric training may enhance athletes’ mental readiness
prior to high-intensity exercise [33], enabling them to perform
better in activities requiring rapid changes in speed.

According to Karadenizli [34] the 10-week upper and
lower limb plyometric training program’s horizontal and verti-
cal jump and sprint drills improved the young female handball
players’ agility performance. Furthermore, studies suggest that
muscle coordination, balance, flexibility, and explosive strength
all affect agility [35].

Furthermore, it has been established in the literature
that plyometric training is a simple, effective, and time-saving
technique for enhancing agility in other athletes [36]. Previous
research [37, 38] has demonstrated improvements in athletes’
lower body muscle strength performance following plyometric
jump training. The current findings indicate that benefits can
be achieved in both the upper and lower extremities provided
the regimen incorporates both upper and lower limb training.
There are multiple possible explanations for the changes. First,
the type of plyometric exercises (i.e., combining exercises for
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