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Abstract

Introduction. Plyometric training is done in many ways, but countermovement jumps and squat jumps are easy and
safe methods involving minimal use of equipment to increase lower body muscular power. There is enough evidence
in the literature to support the notion that plyometric training increases vertical jump height. But the combination of
countermovement jumps and squat jumps and its impact on vertical jump height is still unclear.

Purpose. Therefore, to examine the importance of various plyometric training techniques, this meta-analytical
evaluation was created.

Materials and Methods. PubMed, MEDLINE, and Google Scholar databases were searched through August 2022.
Empirical studies are expressed in the English language and issued within the last twenty-eight years. Included squat
jump and countermovement jump interventions for improving vertical jump height. The studies used a training duration
of a minimum of four weeks or above involving a control group included. As an approach to plyometric training that
raises vertical jump height, the effects of countermovement jump and squat jump training were evaluated. To assess the
level of heterogeneity, the I? statistics were utilized. The value of I*above 75% indicates significant heterogeneity and
leads to the subgroup analysis method. Summary effects were calculated using standardized mean difference. With the
help of the Cochrane tool, the risk of bias was assessed.

Results. The 22 study results all met the enclosure criteria. The meta-analysis indicated that the total impact of squat
jumps training had high effects on vertical jump height [Effect Size = 0.96, (95% Cl,0.57 to 1.35)]. A moderate degree
[Effect Size = 0.91, (95 % Cl,0.46 to 1.37)] of effects of countermovement jumps training on vertical jump height was
reported by included interventions. Lesser than 10 weeks of plyometric training intervention duration they probably
had a small effect on countermovement jumps [Effect Size = 0.79, (95 % Cl, 0.30 to 1.29)].

Conclusion: Squat jumps and countermovement jumps are an efficient kind of training to increase the vertical jump
height of male and female athletes, according to our study on plyometric training. Higher posttests mean differences
were found in the studies including male subjects. The length of intervention has proportional effects on vertical jump

height the recommended length of training should lie between 8 to 12 weeks. The effect size ranged between small to
large degrees was observed in overall and subgroup analysis.

Keywords: plyometric training; muscular power; meta-analysis; vertical jumpKeywords: chronic neck pain, scapular
dyskinesia, suspension system
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AHoOTANA

Ainak Kymap, CaHgin Aynn, Kynain Hapa, MapeiH Kymap. BU3sHaueHHA onTMMa/IbHOI TPUBANOCTI NNiOMETPUUYHOro
TPeHYBaHHA ANA NiABULLEHHA ePEeKTUBHOCTI BEPTUKANIbHMX CTPUBKIB: cMcTeMaTUUHMI OrNAaa | MeTa-aHanis

Bcrtyn. MniomeTpuyHe TpeHyBaHHA BUKOHYETbCA BaraTbma crnocobamu, ane CTPUBKM B NPOTUNENKHOMY PYyCi Ta CTPUBKHK
3 NpucigaHb € NPocTMM Ta B6e3neYHMMMN MeTogamK, siKi nepesbayatoTb MiHiMasbHe BUKOPUCTAHHA 0bnagHaHHA ann
36iNbWEHHS CUAM M'A3IB HUMKHBOT YacTUHM Tina. Y niTepaTtypi € 4OCTaTHbO AO0KAa3iB Ha NIATPUMKY AYMKM NpO Te, WO
naiomeTpuyHe TpeHyBaHHA 36iNbLUYE BUCOTY BEPTUKANBHOIO CTPMOKA. ANle MOEAHAHHA CTPUDOKIB Y MPOTUAEKHOMY PYCi
Ta CTPMOKIB 3 NPUCIZAHHA Ta MOro BMN/IMB HA BUCOTY BEPTUKANbHOMO CTPMOKa A0Ci HEACHO.

Merta. Tomy, Wwob A0CNIANTU BaXKNUBICTb PISHUX TEXHIK NNIOMETPUYHOTO TPEHYBAHHA, ByN0 CTBOPEHO L0 MeTaaHaNITUYHY
OLLiHKY.

Marepianu Ta metoam: MNowyk y 6a3ax gaHnx PubMed, MEDLINE Ta Google Scholar 3aiicHtoBaBcs go cepnHs 2022
poKy. EmMnMipuyHi AocnigeHHA BUKNAAEHI aHMNINCbKOK MOBOK Ta BWAAHI MPOTATOM OCTaHHIX ABaAUATM BOCbMM
poKiB. BKAtOYA€E CTPUOKM 3 MPUCIZAHHA Ta CTPUOKM NPOTU PyXy A1A MOKPALLEHHA BMCOTM BEPTMKANbHOIO CTpUOKa.
Y [OCniaKeHHAX BMKOPMUCTOBYBA/NaCh TPUBANICTb HABYAHHA LLOHAMMEHLUE YOTUPU TUXKHI abo binblie 3a yyacTio
KOHTPONIbHOI rpynu. AK nigxia A0 NAIOMETPUYHOro TPeHYBaHHA, AKMI MiABULLYE BUCOTY BEPTMKaNbHOrO CTPUOKa,
ouiHlOBanucs ePekTn CTPUBKIB y 3ycTpiYHOMY pyci Ta CTPMOKIB 3 npwucigaHHA. [na OUiHKM piBHA Heo4HOPiAHOCTI
BUKOPUCTOBYBANN CTATUCTUKY |2. 3HaueHHA |2 Buwe 75% BKasye Ha 3HAYyHy HEOAHOPIAHICTb i BeAe OO0 meToay
niarpynosoro aHanisy. MigcymkoBsi edpekTn 6ynmn po3paxoBaHi 3 BUKOPUCTAHHAM CTaHAAPTM30BaHOT cepeaHboi PisHULL.
3a ponomoroto KOKpaHiBCbKOTO iHCTPYMEHTY 6y/10 OLLIHEHO PU3MK YNepeasKeHHs.

Pe3ynbTraTtu: yci 22 pe3ynbTati 4OCNIAKEHHA BIANOBIAAAN KPUTEPIAM YKNagaHHA. MeTa-aHani3 NoKasas, Lo 3araibHui
BN/IMB TPEHYBAHHA CTPUOKIB Y NPUCIAaHHI MaB 3HAYHWIA BNIMB HA BUCOTY BEPTMKANbHOrO cTpnbka [Po3mip edeKTy
= 0,96, (95% [Al, 0,57-1,35)]. MomipHuii cTyniHb [Po3mip edekty = 0,91, (95 % Al, 0,46 no 1,37)] BNAMBY TpPeHyBaHb
3i CTPMOKIB NPOTM PyXy HA BMCOTY BEPTUKANbHOIO CTPMOKa HByno NoBiAOMIEHO 33 LOMNOMOIOH BKAOYEHUX BTPYYaHb.
MeHwwe Hix 10 TUXKHIB TPMBANOCTI NNIOMETPUYHOIO TPEHYBaHHA BOHU, UMOBIPHO, Maan HE3HAYHWI BNIMB Ha CTPUOKKM
npoTu pyxy [Posmip edekty = 0,79, (95 % ], 0,30 no 1,29)].

BMUCHOBOK: 3rifHO 3 HALIWMM AOCNIAKEHHSAM NAIOMETPUYHUX TPEHYBAHb, CTPMOKM 3 MPUCIAAHHA Ta CTPMOKM NPOTU PyXy
€ edpeKTUBHUM BUAOM TPEHYBaHHA A1A 306iNblUeHHA BUCOTM BEPTUKAZIbHOTO CTPMOKa CMOPTCMEHIB i CMOPTCMEHOK.
Binbl BMCOKI NicnATecToBi cepeHi BiAMIHHOCTI 6y BUSABAEHI B AOCNIAMKEHHSAX, WO BKAOYAAN YON0BIKiB. TpnBanictb
BTPYYaHHA NPONOPLiAHO BN/IMBAE HA BUCOTY BEPTUKAIbHOIO CTPMOKa, peKoMeHA0BaHa TPMBaniCTb TPeHyBaHb MOBUHHA
CKnagaTv Big 8 Ao 12 TukHiB. Po3mip edpeKTy KoAnBaBCA Big Manoro A0 BEMKOro, CNocTepirasca B 3arasbHOMY Ta
nigrpynoBomy aHanisi.

KntouoBi cnoBa: NNioMeTpuUUYHNUIA TPEHIHT; M'A30Ba CUMNa; MeTa-aHai3; BEPTUKANbHUIA CTPUBOK

AHHOTAIUA

Jlnnak Kymap, CaHgun Oxann, Kyngun Hapa, MapsuH Kymap. OnpepeneHne onTMmasibHOW NPOAOIKUTENBHOCTU
NAMOMETPUYECKUX TPEHUPOBOK ANA YNYUYLLEeHUA NOKa3aTeseil BepTUKaIbHOrO NMPbIXKKa: cMcTemaTuyeckuii 063op m
meTaaHanus

BeeaeHue: [anomeTpuyeckme TPEHMPOBKM BbIMOHAOTCA Pa3HbIMM CMOCOHaMM, HO MPbIXKKK B 06paTHOM HanpaBieHUN
W npucefaHua ABNAIOTCA NPOCTbIMM M He3onacHbIMM MeToAamu, TPebyWwUMN MUHUMAZbHOTO UCMO/Ib30BaHUA
060pyfOBaHNA ANA YBE/IMYEHUA MbIWEYHOM CUbl HUXKHEW 4YacTu Tena. B nuTepaType A0CTAaTOYHO [aHHbIX,
NOATBEPKAAOLMX MHEHME O TOM, YTO NIMOMETPUYECKME TPEHUPOBKN YBENNYMBAIOT BbICOTY BEPTUKA/IbHOTO NPbIXKKA.
Ho kombuHauma NpbIKKOB B 06paTHOM HanpaBAEHWM U MPbIXKKOB B NPUCeAe U UX BIMAHUE Ha BbICOTY BEPTUKANbHOTO
NPbIXKKa [0 CUX NOP HEACHDI.

Lienb. Mostomy, 4ToBbl U3YYUTb BaXKHOCTb PA3/IMYHbBIX METOAOB MJIMOMETPUYECKON TPEHUPOBKM, Bblia co3haHa 3Ta
MeTaaHaIMTUYEeCKas OLLeHKa.

Martepuanbl U metoabl. Monck B 6a3ax gaHHbix PubMed, MEDLINE n Google Scholar nposogunca go asrycta 2022
roga. IMNUpUYecKme NccneaoBaHns NpeacTaBieHbl Ha aHIIMMCKOM A3blKe M onyb6/1MKOBaHbI 32 NociegHue ABajLaTh
BOCEMb /1eT. BKAlYeHbl MpUceaHnAa U MPbIKKM C KOHTPABUMKEHMEM ANA YBENUNYEHUA BbICOTbl BEPTMKANIbHOTO
npbIXKKa. B nccnenoBaHUAX UCNOIb30BaNaCh NPOLOIKUTENBHOCTL OOYYEHUS HE MeHee YeTblpex Heaesb C yYacTuem
KOHTPO/IbHOM rpynnbl. B KavecTBe nogxoda K NAMOMETPUYECKON TPEHUPOBKE, KOTOPAs YBE/NMYMBAET BbICOTY
BEPTMKANIbHOIO MpPbIXKKA, OUEHUBANUCH 3PPEKTbI NPLIPKKOB B 0OPaTHOM HAMpPaBAEHUM M MPbIXKKOB B npucese.
OnAa oueHKn ypoBHA HEOAHOPOAHOCTM WMCMOAb30Banacb CTAaTUCTUKA 12. 3HaveHue 12 Bblwe 75% yKasbiBaeT Ha
3HAUYUTE/IbHYO HEOA4HOPOAHOCTb U MPUBOAUT K MeToady aHanmsa noarpynn. CymmapHble 3pdeKTbl paccumTbiBanun
MCMNONb30BaHMEM CTAHAAPTU3INPOBAHHON pa3HOCTM cpeaHmxX. C nomoLLbto KOKPaHOBCKOrO MHCTPYMEHTA OLeHMBaNCA
PUCK CUCTEMATUYECKON OLLNOKM.

Pe3ynbratbl. Bce pesynbtaTtbl 22 UCCNeAOBaHWI COOTBETCTBOBAIM KPUTEPUAM BKAOYeHUA. MeTa-aHanus nokasan,
41O ObLlEe BO3AENCTBME TPEHNPOBOK C MPbIXKKAaMM B NPUCEAE OKa3ano CUbHOE BAMSHUE Ha BbICOTY BEPTUKAZIbHOMO
npbixKka [BennumHa adpdekrta = 0,96 (95% AN, 0,57-1,35)]. Bo BKAOYEHHbIX BMellaTeNbCTBax coobuianocb 06
ymepeHHow cteneHun [pasmep adpdekrrta = 0,91, (95% AU, o1 0,46 0 1,37)] BAMSAHUA TPEHUPOBKM NPbIXKKOB B 06paTHOM
HanpaBNEHWUW Ha BbICOTY BEPTUKAZIbHOTO MpPbIXKKA. [1pY NPOAOIKUTENBHOCTU NANOMETPUYECKMX TPEHUPOBOK MeHee
10 Hefenb OHU, BEPOSITHO, OKA3alld HEOOIBIIIOE BIIMSIHUC HA TIPHDKKU B 00OpaTHOM HarpasiicHuH [BenmnunHa addekra =
0,79 (95% AN, ot 0,30 go 1,29)].

BbiBoAbl. COrIacHO HalLeMy UCCeA0BaH U0 NIMOMETPUYECKON TPEHMPOBKM, NPUCEAAHMUA U NPLIXKKN CKOHTPABUKEHUEM
ABNAOTCA 3OGDEKTUBHBIM BUAOM TPEHWPOBKU ANA YBENMYEHUA BbICOTbl BEPTUKANBHOTO MPbIXKKA Yy CNOPTCMEHOB
MYKCKOTO M }KEHCKOTO nona. B uccnegoBaHusx, B KOTOPbIX y4acTBOBAM MY¥KUMHbI, Obl1M 06HapyKeHbl 6onee BbiCOKME
cpefHue pasnnumaA nocae Tectos. [PofoIKUTENbHOCTD BMELLATEIbCTBA OKa3blBAeT MPOMNOPLMOHaNbHOE BANAHUE Ha
BbICOTY BEPTUKAZIbHOTO MPbIXKKA. PeKoMeHayemasa npofo/KUTeNbHOCTb TPEHUPOBOK A0/XKHA COCTaBAATL OT 8 go 12
Hefenb. BennunHa adpdekTa BapbmpoBanacb OT manon Ao 60/bLLoi cTeneHn Npu obLwem aHaanse u aHanumse noarpynn.

KntoueBble cnoBa: ninomeTpuyeckas TPEHMPOBKA; MbllUeYHaA CUAa; MeTaaHaauns; BepTMKal’Ibelﬁ MPbIXKOK
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Introduction

During the plyometric workout, the muscle
is quickly stretched before being quickly contracted.
The nervous system is getting ready to react to the
cycle of stretching and shortening more swiftly [1].
That type of training can improve an athlete's speed,
explosive power production, and strengthening of
bone [2,3]. The main purpose of plyometrics is to
improve jumping ability and jumping capability has
been assumed by means of essential for effective
execution in several sports [4]. The importance of
jumping ability may vary per sport depending on the
direction of the jump. Think about how jumping can
be strategically used in team sports like basketball
[5], football (soccer)[6,7], and volleyball. Vertical
jump height is frequently regarded as an important
performance metric [8,9]. A training program's
plyometric workouts ought to be comparable to
the athlete's special requirements concerning the
individualities of the athletic activity in which they
are participating. To encourage transfer to sport,
plyometric workouts should replicate the sort of
action known in that discipline, i.e. the specificity
principle [10,11]. if workouts targeted running
performance, such as speed bounding [12,13],
the training schedule positively affected running
velocity [14-16]. According to preliminary findings,
Plyometric training much improved running
and jumping skills as well as enhanced kicking
distance[8], balance, and agility [17].

Plyometric training may develop the landing
mechanics of the jump [18-20]. Which increases
the strength of the muscle [21]. Training instructors
and coaches who apply plyometrics in their training
should be aware that while this strategy is useful,
it does not confirm success in raising vertical
jump height[22,23]. Equipment, gender, level of
participation, diet & food, training time, recovery,
economic prospects, and other events that may
arise during training can all be variables to consider
increasing vertical jump height [2,3,24-28]. Most
authors agree that the frequency and intensity of
plyometric exercise should be changed regularly
based on the results of intermediate testing [29-37].

Previous  review studies reported
countermovement jump exercises were far better
than squat jump exercises in improving vertical
jump height. A meta-analytical review conducted
by Goran Markovic in Zagreb Croatia revealed 4%
higher outcomes of vertical jumps in the group that
performed countermovement jump exercises in

comparison to squat jump exercises [38]. Various
factors affecting plyometric training and vertical
jump height such as gender, intervention length, type
of exercises, and type of sports, considerations were
given for outcomes [22]. The present study identifies
the gap in the previous reviews and attempts to
cover the research gap. Observing the quantity and
calibers of the available research literature was
the aim of this systematic review., to evaluate the
efficacy and effectiveness of plyometric training for
improving vertical jump height in male and female
players [39], and to ascertain whether this method of
training could be used to enhance the motor skills of
various sports.

Material and methods
Search strategy

A wide-ranging database search on the
internet was accomplished via PubMed, MEDLINE,
and Google Scholar, to recognize appropriate
articles that examined male and female athletes'
vertical jump heights after plyometric training using
the squat jump and countermovement jump. The
following combination of keywords was used by us:
plyometric OR cycle of stretching and shortening
OR squat jump OR countermovement jumps OR
controlled experiments and jumping exercises.
The following key phrases were combined to do a
manual search: plyometric training, vertical jump,
Squat jumps and counter jumps performance of
men, and women athletes. Each article’s reference
lists were also checked to find supplementary
appropriate investigations. The archival finding
was confined to a journal with peer review journal
papers released in English from 1996 through 2022.
The Recommended Reporting Items for systematic
examinations and Meta- Assessments (PRISMA)
guideline was followed in accompanying this
systematic review and meta-analysis.[40].

Eligibility criteria

The randomized controlled trials issued
during the previous twenty-eight years in English
had been taken into contemplation in this systematic
review. The consisted of applicants were soccer,
basketball, handball, volleyball, badminton, football,
gymnasts, and collegiate male and female athletes
of any age group (no binding). A minimum of four
weeks of plyometric exercise and the presence of a
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control group were prerequisites for the synthesis
of data to encompass the study. The control groups
either did not exercise or participated in any regular
sports activity without plyometric training. The
involved articles have to specify the vertical jump
height as the result metric for at least one of the
squat jump and countermovement jump movement
patterns.

Follows exclusion were implemented:
(1) studies did not use proper training plans for
respondents; (2) those academic papers that weren't
authoredinEnglish;(3)studies did notshowthe control
group; (4) studies with a combined of plyometric,
weight training and resistance training in directive to
minimize the consequences of combination training;
(5) Studies that were uncontrolled, cross-sectional,
and (6) where the results did not distinguish between
males and females did not produce distinct outcomes.

Data Extraction

Two reviewers each separately
gathered the information on subjects containing (age,
gender, sample size,) enlightenment a description
of the intervention (exercise kind, extent, length,
and frequency range, session) study design and
study outcomes, and method (randomization and
distribution concealment) One author worked on this
(R. PH), Despite the fact that S. LE, an additional
author, reviewed the extracted data for accuracy
and completeness. One author (J-PB) evaluated the
content's quality. A third reviewer or agreement was
used to resolve disagreements. Reviewers did not
know the writers, organizations, or script journals.

Risk of Bias Assessment

Using the Cochrane technique separately,
the risk of bias was evaluated by two authors (R. PH
& S. LE) [41,42]. This tool assesses the risk of bias
by evaluating each of the seven criteria: sequential
generation, allocated, deception, participant and staff
illuminating, concealment of outcome assessment,
inadequate outcome data, selective reporting, and
additional sources of bias. The risk of bias was
graded as (1) low, (2) unclear, or (3) high on each
of the criteria. The consensus was reached through
conversation after discrepancies were double-
checked with a third reviewer (J. PB).

Data synthesis

The degree of training effects was assessed
using effect size calculation as per the equations
given below. Cohen's d is one of the most commonly
used effect size measures. It is particularly useful
when comparing the means of two groups or
conditions. Cohen's d is calculated by taking
dividing the variation between the two groups' mean
differences by the combined standard deviation (see
Equation 1, and 1.1). A minimum of two studies
having similar assessment outcomes were used for
subgroup analysis. A random effect method was used
to determine the pooled effect of countermovement
jump and squat jump training on vertical jump height
performance. The degree of the size of the calculated
effects ranged as follows: small (0.2), medium (0.5),
and large (0.8) [43]. The current version, the review
manager 5.4 tool was used for the above-cited
method of data synthesis [44,45].

Equation 1
_ XX
5DPpoled

Where, D = raw mean difference, n, and n, are the
sample size in group one and group two, S, and S,
are the standard deviation in group one and group
two.

(n;=1)57+(n.—1)5;

nytn,—2

A SDP-::-::IE:! = J
Equation 1.1

Heterogeneity also called inconsistency
in systematic reviews refers to the variability or
diversity among the results of separate studies that
are included in the analysis. Statistical strategies
include a meta-analysis used to combine the findings
from numerous independent studies on a particular
research question to obtain an overall estimate of
the effect size or association. Heterogeneity is an
important consideration in meta-analysis because
it can impact the construal and generalizability of
the results. To assess the degree of heterogeneity,
researchers commonly use statistical tests such as
Cochran's Q test or the I statistic (see equation 1.2).
The Cochran's Q test determines whether the apparent
variations between research are merely the result of
chance, while the P statistic quantifies the amount
of total variability that is due to heterogeneity rather
than chance (see equation 1.3). Higher values of I
indicate greater heterogeneity. The I? statistics were
used to analyze the degree of heterogeneity, which
was then categorized as follows: Low heterogeneity
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is defined as % of 0% to 24%, moderate heterogeneity
is defined as P of 25% to 49%, substantial
heterogeneity is defined as I* of 50% to 74%, and
considerable heterogeneity is defined as * of 75%
to 100% [44,46]. The I test was used to determine
how much of the observed variation reflected a
meaningful difference in effect size and how much
of the changes in findings might have been explained
by chance alone [46]. It was suggested that this ratio
be represented by the statistics /2, which might act as
a proxy for the signal-to-noise ratio. It is calculated

(

k
Q=) wi(¥,—M)?
i=1

Q-d
Q

-

I

Equation 1.2 = q » 100%

Equation 1.3

l”

Where “Wi is stands for study weight,” Y is denote
the study effects size, “M” is the summary effect and,

“k” is the total number of studies.

When a meta-analysis only has a few trials or
studies with a small number of participants, this test's
accuracy is reduced because of its low power, P <.10
was regarded to designate significant heterogeneity
[44].

Outcome measures

Study Selection

Overall, 366 articles were classified from
the database search during the research years 1996
to 2022. 124 studies were left after replacement
were detached and articles with poor topics and
summaries were eliminated. After the screening by
two independent reviewers 50 full-text manuscripts
were evaluated for eligibility criteria. 22 papers were
eventually chosen for the last round of screening and
included in the quantitative synthesis (meta-analysis)

(Fig. 1).
Study Characteristics

Between 1996 and 2022, all research papers
that fulfilled the requirements for enclosure were
printed in English. Table No. 2 provides a thorough
explanation of studies incorporated in the analysis.
The 22 studies' overall total number of subjects was
1023 individuals, and each study's average sample
size ranged from 5 to 33 subjects per group. The
involvement of interventions in included studies was
as follows; one study gives 5 weeks of training [48],
four studies give 6 weeks of training [49-52], one
study give 7 weeks of training [53], seven studies
give 8 weeks training [54-60], two studies give

10 weeks training [36,37], 3 studies give 12 weeks
training [33,34]. In these studies, 4 interventions
included female subjects and 14 interventions
included male participants. To investigate the
influence of countermovement, jump training, and
squat jump training on vertical jump height thirteen
studies had 5 to 8 weeks of training length and five
studies had 10 to 12 weeks of training length. In
sixteen studies data will be measured in centimeters
and two studies data will be measured in meters.
two to three alternating training sessions per week
was the most preferred training frequency; one study
has given 6 to 8 sessions per week [53]. Plyometric
training sessions lasted between 20 to 120 minutes.
One study, however, employed a plyometric exercise
programme that required 30 jumps each week (10
jumps on alternate 3 days) for 6 months. [49].

Statistical analysis
Summary of Squat Jump

The squat jump training group's overall
effect on the vertical jump is favorable. Sixteen
effects (73%) were greater than zero. The mean
effect size Cohen s d for overall effects size was 0.96
[95% CI, 0.57 - 1.35; Z=4.88, (P <0.00001)]. More
specifically, the squat jump training is associated
with higher vertical jump compared to the control
group.

A moderate but significant amount of
heterogeneity [ Tau = 0.56; chi-square = 79.97,
df = 19 (P < 0.0001) # = 76%] and risk of bias
were observed in overall study effects to detect the
inexplicable variances between study estimates,
method of subgroup analysis was approached to
explain the heterogeneity.

The pooled effects of the first subgroup i.e.,
males and females separately reported in the table
no 3. The overall effects in male subgroups favor the
squat jump training group the mean effect size was
1.06 [95% CI, 0.57 — 1.55; Z = 4.27 (P < 0.0001)].
While the overall effects in the female sub-group
also favor the squat jump training. The mean effect
size was 0.59 [95% CI, 0.24 — 0.95; Z=3.28 (P <
0.001)].

Similarly, the pooled effects of the second
subgroup i.e., intervention length group 5 to 8 weeks
and 10 to 12 weeks separately reported in the forest
plot (fig -3) the overall effects in intervention length
of 5 to 8 weeks subgroups favor the squat jump
training group. The mean effect size was 0.79 [ 95
% CI, 0.38 — 1.20: Z = 3.75 (P < 0.0002)]. While
the overall effects in the intervention length 10 to 12
weeks subgroups give preference to the squat jump
training group. The mean effect size was 1.65 [ 95 %
Cl10.63-2.67; Z=3.17 (P <0.002)].

There are no subgroup effects by gender of
the participants. The test for subgroup difference
does not indicate a significant difference in training
effects between the subgroups of male and female
participants (Table 4).
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Results

Summary of countermovement jump

The countermovement jump has a positive
overall effect on the countermovement jump training
group. Seventeen effects (77%) were greater than
zero. The mean effect size of Cohen’s d for overall
effects size was 0.91[95% CI1 0.46 — 1.37;, Z = 3.93,
(P < 0.0001)]. Countermovement jump training, in
particular, is related to a greater vertical jump in
comparison to the control group.

A moderate but significant amount of
heterogeneity [ Tau = 0.90; chi-square = 117.91,
df =20 (P < 0.00001) # = 83%] and risk of bias
were observed in overall Study effects to detect the
unexplained differences between study estimates,
method of subgroup analysis was approached to
explain the heterogeneity.

The pooled effects of the first subgroup i.e.,

males and females separately reported in the forest
plot (fig — 4). The overall effects in male subgroups
favor the countermovement jump training group the
mean effect size was 1.12 [95% CI 0.59 — 1.66; Z =
4.09 (P < 0.0001)]. While the overall effects in the
female sub-group also favor the countermovement
jump training. The mean effect size was 0.14 [95%
C10.49-0.76; Z=0.43 (P <0.67)].

Similarly, the pooled effects of the second
subgroup i.e., intervention length group 5 to 8 weeks
and 10 to 12 weeks separately reported in the forest
plot (fig — 5) the overall effects in intervention length
of 5 to 8 weeks subgroups favor the countermovement
jump training group. The mean effect size was
0.79 195 % CI 0.30 — 1.29: Z = 3.15(P < 0.002)].
While the overall effects in the intervention length
of 10 to 12 weeks subgroups give preference to the
countermovement jump training group. The mean
effect size was 1.35[95 % CI 0.11 —2.58; Z =2.14
(P<0.03)].

| Databases are used to identify studies

Screening criteria:
g 1- The deletion of duplicate
' Studies identifies: From records (n = 120)
— 2 - Records that automated
databases (n =366 —»
; { ) tools have flagged as being
ineligible (n =90}
3 - Records deleted for
unrelated reasons (n =32)
Y
Records screened: Records excluded:
=124} (n=74)
L A
Reports found for extraction:
g (n =50}
ﬂ v
Reports are evaluated for Reports excluded:
(Er:'gi'gg';y: E— 1- The outcome is not

Studies selected for the review:
m=22)

([ enend | |

displayed individually for men
and women (n = 03)

2- Mo control group (m =107}
3- Gender was not discussed
in studies. (n =05)

4- More kind of training (n =
08}

Fig. 1. The study selection is depicted in a flowchart. (retrieved from:[47])
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Table 1
Studies Characteristics
Study Age Gender | Sports Type Country T/W* | Frequency* | Duration*

Holcomb et al. 1996[55] NR Male NR Alabama 8 3 NR

Gehri et al. 1998[35] 18-20 Both Basketball USA 12 3 20-30
Maffiulrtti et al. 2002[49] | 21-23 | Male Volleyball Italy 6 3 120
Toumi et al. 2004[54] 19-22 Male NR USA 8 3 120
Toumi et al.2004[54] 19-22 Male NR USA 8 3 120
Kubo et al.2007[33] 22 Male NR Japan 12 3 NR
Ronnested et al.2008[61] NR Male Soccer Norway 7 6 NR
Campo et al.2009[34] 22.8 Female Soccer Belgium 12 3 NR
Meylan et al.2009[57] 13.1 NR Soccer Switzerland 8 - 90
Khlifa et al.2010[37] 1923 | Mmale Basketball Italy 10 2 90
Khlifa et al. 2010[37] 19-23 Male Basketball Italy 10 3 90
Chelly et al.2014[56] 17.41 Male Handball Canada 8 3 90
Chelly et al.2015[36] 11.9 Male | Track athletes Canada 10 3 90
Sozbir 2016[50] NR Male NR Turkey 6 2 NR
Ozmen et al.2017[52] 12.5 Both Badminton Turkey 6 NR NR
Mazurek et al.2018[48] 20.2 Male Handball Poland 5 NR NR
Mazurek et al.2018[48] 20.2 Male Handball Poland 5 NR NR
Bogdanis et al.2019[59] 7-9 Female Gymnasts Greece 8 2 NR
Bogdanis et al.2019[59] 7-9 Male Gymnasts Greece 8 2 NR
Padron-Cabo et al. 2021[60] 13 Male Soccer Spain 8 NR NR
Hammami et al. 2021[58] 17 Male Handball Tunisia 8 5 120
Stankovic et al.2022[51] NR Female Football Serbia 6 3 90

*frequency = training session/week, *duration = length of each training session in minutes, *T/W = training per weeks

*NR = not reported.

Table 3
Shows summary of effects of squat jump training about male and female subgroups analysis
Study Squat Jump Control Weight SE* (95% Cl)
Mean SD Total Mean | SD Total
Male
William 1996 49 6.1 12 45.4 6.5 12 5.30% 0.55[-0.27, 1.37]
Nicola 2002 37.6 6.1 10 36.6 5.9 10 5.10% 0.16 [-0.72, 1.04]
Hechmi 2004 37.1 1.8 30 34.2 2.1 30 6.00% 1.46 [0.89, 2.04]
Hechmi T 2004 39.5 1.4 30 36.1 1.9 30 5.90% 2.01 [1.38, 2.64]
Kubo 2007 26.6 4.8 5 20.7 4 5 3.60% 1.21[-0.21,2.62]
Bent 2008 32.8 1.7 7 29.6 1.4 3.60% 1.90 [0.50, 3.29]
Cesar 2009 30.5 3.2 14 30.1 4.1 11 5.40% 0.11 [-0.68, 090]
Raidzholiga'ifa 4028 | 0.92 9 38.08 | 1.05 9 4.10% 2.12[0.91, 3.33]
Raidzho'iga”fa 41.54 1 9 37.08 | 1.24 9 3.00% 3.77 [2.10, 5.44]
Mohamed 2014 0.44 0.04 12 0.39 0.03 11 5.00% 1.35[0.43, 2.28]
Mohamed 2015 0.24 0.03 14 0.2 0.02 13 5.10% 1.51 [0.64, 2.38]
Krzystof 2018 0.39 0.08 12 0.4 0.08 12 5.30% -0.12 [-0.92, 0.68]
Krzystof 2018 0.4 0.03 14 0.41 0.04 14 5.50% -0.27 [-1.02, 0.47]
Geogory 2019 17.5 3.5 17 16.3 4 17 5.70% 0.31[-0.37, 0.99]
Hammami 2021 38 3 17 28.9 4.5 15 4.90% 2.35[1.42,3.28]
Alexis 2021 21.47 4.08 10 21.31 3.42 10 5.10% 0.04 [-0.84, 0.92]
Subtotal 222 214 78.6% 1.06 [0.57, 1.55]
Female

Danial1998 29.38 6.42 10 27.5 7.47 10 5.10% 0.26 [-0.62, 1.14]
Tarik 2017 20.18 3.63 11 15.98 2.76 9 4.80% 1.23[0.25, 2.21]
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Geogory2019 19 3.2 33 17.3 3.4 33 6.20% 0.51[0.02, 1.00]
Mima 2022 2898 | 3.73 12 26.29 4 12 5.30% 0.67 [-0.16, 1.50]
Subtotal 66 64 21.40% 0.55[-0.27, 1.37]
Overall 288 278 100% 0.96 [0.57, 1.35]

Male Tau?=0.75; X>=74.70,df=15(P<0.001);1>=80%, Z=4.27(P0.0001)

Female Tau 2=0.00; x2=2.33,df=3(P=0.51);1>=0%, Z=4.88(P<0.001)
Total Tau?=0.56; x*=79.97,df=19(P0.00001);1>=76%, effect: Z=4.88(P<0.001), sub-group difference:
ota ¥2=2.31,def=1(P=0.13),1=56.8%

SE* = Summary of Effects

Table 4
Shows the summary of the effects of squat jump training on the intervention length of male and female
subgroups
Study Squat Jump Control Weight SE* (95% CI)
Mean SD Total Mean | SD Total
Male
William 1996 49 6.1 12 45.4 6.5 12 5.30% 0.55[0.27,1.37]
Nicola 2002 37.6 6.1 10 36.6 59 10 5.10% 0.16[0.72,1.04]
Hechmi 2004 37.1 1.8 30 342 2.1 30 6.00% 1.46[0.89,2.04]
HechmiT2004 39.5 1.4 30 36.1 1.9 30 5.90% 2.0111.38,2.64]
Bent 2008 32.8 1.7 7 29.6 1.4 6 3.60% 1.90[0.50,3.29]
Cesar2009 30.5 3.2 14 30.1 4.1 11 5.40% 0.11[0.68,0.90]
Mohamed2014 0.44 0.04 12 0.39 0.03 11 5.00% 1.35[0.43,2.28]
Tarik 2017 20.18 3.63 11 15.98 2.76 9 4.80% 1.23[0.25,2.21]
Krzystof2018 0.39 0.08 12 0.4 0.08 12 5.30% | -0.12[0.92,0.68]
Krzystof2018 0.4 0.03 14 0.41 0.04 14 5.50% | -0.27[1.02,0.47]
Geogory2019 17.5 3.5 17 16.3 4 17 5.70% 0.31[0.37,0.99]
Geogory2019 19 3.2 33 17.3 3.4 33 6.20% 0.51[0.02,1.00]
Hammami 2021 38 3 17 28.9 4.5 15 4.90% 2.35[1.42,3.28]
Alexis 2021 21.47 4.08 10 21.31 3.42 10 5.10% 0.04[0.84,0.92]
Mima2022 28.98 3.73 12 26.29 4 12 5.30% 0.67[0.16,1.50]
Subtotal 241 232 79.10% | 0.79[0.38, 1.20]
Female
Danial 1998 29.38 6.42 10 27.5 7.47 10 5.10% 0.26[0.62,1.14]
Kubo 2007 26.6 4.8 5 20.7 4 5 3.60% 1.2170.21,2.62]
RaidhKhalifa2010 40.28 0.92 9 38.08 1.05 9 4.10% 2.12[0.91,3.33]
RaidhKhalifa2010 41.54 1 9 37.08 1.24 9 3.00% 3.77[2.10,5.44]
Mohamed 2015 0.24 0.03 14 0.2 0.02 13 5.10% 1.51[0.64,2.38]
Subtotal 47 46 20.90% | 1.65[0.63, 2.67]
Overall 288 278 100% 0.96[0.57, 1.35]
Male Tau’=0.49; *=59.31 ,df=14(P<0.001);>=76% Z=3.75(P=0.0002)
Female Tau’=0.97;= *15.66,df=4(P=0.004);>=74% Z=3.17(P=0.002)
Total Tau?=0.56; x2=79.97,df=19(P<O.001);IZ=76%, effect: Z=4.88(P<0.00001),Sub-group
difference ; ¥2=2.35,df=1(P=0.13),1?57.5%

SE* = Summary of Effects
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Table 5

Shows a summary of the effects of countermovement jump in male and female subgroups

Study Countermovement jump Control Weight SE* (95% Cl)
Mean | SD | Total Mean | SD | Total
Male
William 1996 54.2 6.5 10 49.5 7.5 10 4.80% 0.64[0.26,1.55]
Nicola 2002 42.5 6 10 42.3 7.2 7 4.70% 0.03[0.94,1.00]
Hechmi 2004 42.5 1.3 30 37.3 1.9 30 5.10% 3.15[2.38,3.93]
Hechmi T 2004 42.8 21 30 39.3 1.7 30 5.40% 1.81[1.20,2.41]
Kubo 2007 31.4 5 5 23.2 4.6 5 3.60% 1.54[0.03,3.05]
Bent 2008 36.7 1.9 7 36 2 6 4.40% 0.33[0.77,1.44]
Cesar 2009 37.2 4.5 14 34.6 4.4 11 5.00% 0.56[0.24,1.37]
Raidh Khalifa 2010] 49.03 1.14 9 43.69 1.46 9 3.20% 3.88[2.18,5.59]
Raidh Khalifa 2010] 47.2 1.07 9 44.1 1.22 9 4.00% 2.57[1.25,3.90]
Mohamed 2014 0.46 0.04 12 0.41 0.03 11 4.80% 1.35[0.43,2.28]
Mohamed 2015 0.25 0.03 14 0.21 0.03 13 5.00% 1.29[0.45,2.14]
Kerim 2016 36.06 1.77 12 35.36 1.55 12 5.00% 0.41[0.40,1.22]
Krzystof 2018 0.44 0.09 12 0.45 0.09 12 5.00% |-0.11[0.92,0.69]
Krzystof 2018 0.46 0.05 14 0.47 0.06 14 5.10% |-0.18[0.92,0.57]
Geogory 2019 17.8 4.6 17 17 4.5 17 5.30% | 0.17[-0.50,0.85]
Hammami2021 40.6 2.7 17 30.9 4.6 15 4.70% 2.55[1.59,3.51]
Alexis2021 22.4 4.36 10 21.25 3.74 10 4.90% |0.27[-0.61,1.15]
Subtotal - - 232 - - 221 80.10% | 1.12[0.59, 1.66]
Female
Danial1998 32.15 7.59 7 30.5 7.2 7 4.50% 0.21[0.84,1.26]
Silvia 2009 25.6 1 10 26.2 0.09 10 4.80% |-0.81[1.73,0.11]
Geogory 2019 20.1 29 33 18.1 3.2 33 5.60% 0.65[0.15, 1.14
Mima 2022 22.97 2.85 12 22.29 2.85 12 5.00% | 0.23[-0.57,1.03]
Subtotal - - 62 - - 62 19.90% | 0.14[-0.49,0.76]
Overall - - 294 - - 283 100% 0.91[-0.49,1.37]
Male Tau?=1.04; x*=98.96, df=16(P<0.001) 1°=84%, Z=4.09(P0.0001)
Female Tau? =0.24; x*> =7.52, df=3(P=0.06);1>=83%, Z=0.43(P=0.67)
Total Tau?=0.90; x?>=117.91, df=20(P<0.001); 1>=83%, Z=3.93(P<0.0001) subgroup difference :

X2=5.51,df=1(P=0.02),1>=81.9%

SE* = Summary of Effects
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Table 6
Shows a summary of the effects of countermovement jump about intervention length of male and female
subgroups
Study Countermovement jump Control Weight SE* (95% Cl)
Mean SD Total Mean SD Total
Male
William 1996 54.2 6.5 10 49.5 7.5 10 4.80% | 0.64[0.26,1.55]
Nicola 2002 425 6 10 423 7.2 7 4.70% | 0.03[-0.94,1.00]
Hechmi 2004 425 1.3 30 37.3 1.9 30 5.10% | 3.15[2.38,3.93]
Hechmi T 2004 42.8 2.1 30 39.3 1.7 30 5.40% | 1.81[1.20,2.41]
Bent 2008 36.7 1.9 7 36 2 6 4.40% | 0.33[-0.77,1.44]
0.56[-0.24,
Cesar 2009 37.2 4.5 14 34.6 4.4 11 5.00% 137]
Mozfz)aln;ed 0.46 0.04 12 0.41 0.03 11 4.80% | 1.35[0.43,2.28]
Kerim 2016 36.06 1.77 12 35.36 1.55 12 5.00% 0'411[;;‘]40’
-0.11]-
0,
Krzystof 2018 0.44 0.09 12 0.45 0.09 12 5.00% 8 91) % 0063%
Krzystof 2018 0.46 0.05 14 0.47 0.06 14 5.10% e 0 15'7]' ’
Geogory 2019 17.8 4.6 17 17 4.5 17 5.30% 0'13 [;;']50’
Geogory 2019 20.1 2.9 33 18.1 3.2 33 5.60% | 0.65[0.15,1.14]
Ha;g;im' 40.6 2.7 17 30.9 4.6 15 4.70% | 2.55[1.59,3.51]
Alexis 2021 22.4 4.36 10 21.25 3.74 10 4.90% | 0.27[-0.61,1.15]
Mima 2022 22.97 2.85 12 22.29 2.85 12 5.00% | 0.23[-0.57,1.03]
Subtotal 230 240 74.90% | 0.79[0.30, 1.29]
Female
Danial 1998 32.15 7.59 7 30.5 7 4.50% | 0.21[-0.84,1.26]
Kubo 2007 314 5 5 23.2 5 3.60% 1.54[0.03,3.05]
Silvia 2009 25.6 1 10 26.2 10 4.80% '0‘801[1'11]'73’
R'adzho'igal'fa 49.03 1.14 9 43.69 9 3.20% | 3.88[2.18,5.59]
R'adzho';ga"fa 47.2 1.07 9 44.1 9 4.00% | 2.57[1.25,3.90]
Mohamed2015 0.25 0.03 14 0.21 13 5.00% | 1.29[0.11,2.58]
Subtotal 54 53 25.1% | 1.35[0.11, 2.58]
0.91[0.46,
0,
Overall 294 283 100.0% 13
Male Tau? =0.78; x>=83.33, df=14(P<0.001); 1>=83%, Z=3.15(P=0.002)
Female Tau?=1.98; x*=34.27, df=5(P<0.001) 1>=85%, Z=2.14(P=0.03)
Total Tau?=0.90; Z x?>=117.91, df=20(P<0.00001); 1>=83%, Z=3.93(P<0.0001), subgroup difference:
X*=0.66, df=1(P=0.42), 120%

SE* = Summary of Effects
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Discussion

This study evaluates the effects of squat
jump and countermovement jump training
programs on vertical jump height performance of
the different types of disciplines. The findings of
this systematic review and meta-analysis validated
the value of plyometric exercise for athletes. The
plyometric training effects on the squat jump and
countermovement jump performance ranged from
minor to very large. Studies included different
cultures and across the globe such as the USA, Italy,
Alabama, Turkey, Canada, Norway, Switzerland,
Belgium, Serbia, Tunisia, Japan, Greece, Spain,
Poland. subjects belong to different disciplines
i.e., basketball, volleyball, handball, track events,
soccer, football, badminton, gymnasts, untrained,
health volunteered, college students, and physical
education students have included the present meta-
analysis.

Our meta-analytical results are consistent
with earlier research that investigated the effects
of plyometric training on vertical jump height in
male and female volunteers from various fields
[17,36,49,53]. When we looked at research done
in the past to examine the effects of plyometric
exercise, we found that it improves vertical jump
height[2,29,32,62]. The effects of various jump
patterns' vertical jump performance on plyometric
training vary. Jumps with countermovement, squats,
and drops were all anticipated.[2,18,63,64]. It has
been proposed that plyometric training is greater
success in enhancing performance in jumps that use
the brief stretch cycle of muscle because it improves
the elastic properties of the muscle-tendon unit as
well as the neuronal the involved motor units' firing
patterns and order [4,63,65-67].

The duration of training interventions
consisted of studies extended from 5 to 12 weeks
and 2 to 6 days of training were given in one week,
in which 2 to 15 sessions were given in a one-week
training. A total of 1143 subjects (experimental group
n-582 and control group n-561) have participated
in 22 RCTs (randomized controlled trials). Most
of the studies were based on moderate to high int
ensity[37,49,51,55,58,60,61]. high intensity-based
training was most helpful for increasing the vertical
jump height . 2 to 6 days of training were given in
one week, in which 2 to 15 sessions were given for
a week of training 20 to 120 min. The plyometric
training effect may also be influenced by an athlete's

background and current training status. Compared
to untrained and professional athletes, amateurs and
trainee athletes will likely respond more quickly and
have an increase in jump performance.

The meta-analyses that were carried out
in this review applied non-plyometric training
groups (control) that did not distinguish between
physically active and inactive participants (e.g.,
only pre and post-data were taken from the control
group), as well as between subjects in the control
group who were physically engaged daily. Different
sorts of equipment and environments were used
in the plyometric approaches that were examined.
While the study [68] revealed that the benefits of
plyometric training in jumping performance are
stronger for interventions of 10 weeks or more, 14
of the 17 investigations lasted less than 10 weeks.
Additionally, variations in plyometric leaps, total
jumps, and workout intensity are seen among studies.

The studies including vertical jump height
concerning squat jump and countermovement jump
exercises were taken from previous studies to review
the effect of plyometrics training on vertical jump
height. Two subgroups were created in SJ (1-squat
jump gender group & 2-intervention length group
and in addition, two subgroups in countermovement
jump (l-counter movement jump gender group &
2-intervention length group) for primary outcome
analysis and closer scrutiny Subgroup squat jump
males after the data analysis show that there was
a significant effect of squat jump training on male
athletes for increasing vertical jump height fig-1.
Along with this, a study in the subgroup squat jump
male also shows that squat jumps have no significant
effect[48] In this study, handball male players were
given 5 weeks of plyometric training, after the results
of which it was found that the training period was
too short that’s why there was no significant effect
observed). Along with this, we get to see significant
effects in the study group female, which suggests
that squat jump can increase vertical jump height in

women.

Limitations

The outcomes of this analysis should be
explained with some limitations. The insufficient
findings made it difficult to reach specific
conclusions. Some consist of studies involving
somewhat small intervention groups. Most of the
studies did not describe the intensity of the training
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intervention. Therefore, the possible relationship
between intensity and the related factor of plyometric
training is still unclear. In addition, just four research
featured young athletes, making it insufficient to
employ chronological age as a moderator variable in
the study. Another drawback was that the majority
of the papers included in this study had low ('poor)
quality of methodology ratings. It is challenging to
come to any firm findings due to the few studies that
have been conducted. The number of subjects in
included interventions was also not sufficient (min-
05, max-30). The smaller number of participants
decreases the validity of obtained outcomes. It is
advised that more study enhances the caliber of their
study designs by inspecting the impact of plyometric
training on jump efficiency.

Conclusion

The present study shows that
countermovement jumps and squat jump in
plyometric training improve the vertical jump height

of male and female athletes. while a high degree
of effect was observed in the studies containing
male subjects. Large effects were observed in
countermovement jump in comparison to squat jump
training. The effectiveness of plyometric training also
seems to depend on the length of the interventions.
Greater improvements in vertical jump performance
are produced by longer training weeks. Finally,
plyometric exercise can be used as a beneficial
training method to improve athletes' vertical jump

height performance in many different kinds of sports.
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