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Effects of Lower Extremity Plyometric Training for 6 Weeks on Bat
Swing Velocity and Physical Function in Middle School Baseball Players

UEYRITHBCNBL ABXOISE HAIRRY), - WS EBHSLISE ATAO[SH HAp,
HEHEIHSIISE ISt AN, - RNSEENSILL Mgt 24,

{Kim, Jun—Young, jPark, Han—Soo, sPark, Jun—Hyun

4Yoon, Jin—Ho(Korea National Sport University)
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@75 £ g 652 o] BAOIOOIEE FEI0] SHI OFF 140 M= 28 A€ 2 4 Tl
DIl S op= RRICY, 174 CfofPATE 20| S2E 53 orT1 s 082 oz
s BefoloBles| T 158, L0 A2 @0 RRHo| 521 7 3614 o BeolonEs, 20
S Fg3 3 HIE A2 2= 9 M| 7153 SAelGICt i 2 $IR0] Znte ChE It 2Lk AR, LPGOIA
the 22 ¢5 O SOI8H 52 IS HATHp<05. SM, LGOI AlH 7]50] R &2 ZIHE 2%
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ABSTRACT

PURPOSE This study aims to investigate the effects of a 6-week lower-body plyometric training program on
bat swing speed and physical function in middle school baseball players. METHOD TThirty middle school
baseball players registered with the Korea Baseball Softball Association were divided into a lower-body
plyometric group (n=15) and a control group (n=15). After applying lower-body plyometric training three times
per week for six weeks, bat swing speed and physical function were analyzed. RESULT The results of this study
are as follows. First, LPG showed significantly higher results in bat swing speed (p<.05). Second, LPG showed
significantly higher results in physical function (p<.05). CONCLUSION TLower-body plyometric training is
considered an effective intervention strategy for enhancing explosive performance in football players.

KEYWORD Baseball Players, Bat Swing Velocity, Physical Function, Lower-extremity Plyometric

AR

)

: 283 E-mail tkd97@knsu.ac.kr
20255 118 282 MAQR[Y: 20258 128 12Y  AX=EY: 20264 018 22Y

4m K
e

i



2 1 657t ox| 22t0|0|ER] 20| Fetu OFf M40 HE 2 £= I MK 7|50 0jX|s g

. M2

[—

oFE A S MBS BY] TEE A FRow, A5 AN e 27w

¥
2o
i
o

= 24 7153 7147 59 S90] A7 Db thNakata et al, 2013). BFFe] A4S A gt <l
A =HE ol A3t BE wEojuUly] 98k AAA - 7)1$A defo] Ay A o

S HX M, o] T W|E 29 ZI1-(Bat Swing Velocity: BSV)= EF &%, B HIAZ], 12
A WEARE FE e A gk Amst Adsh ddHo] thAsA, Aed, 2023;
Szymanski et al., 2009). WIE 29 £27} Z7leld g7 27] £527} s 1, el B
g WY BT S Yt A ofE AN+ o} F71Y Byl BFA nE
HEtH(Yang & Jin, 2025).

B SAolA HE 29 S ded 2 SR ARy gtk AR 29
84|, &4k A7h aE]a A2 o]ojA] = FAE(Kinetic Chain)2] 314 53 T3l o F
oA, slAol A WA Flo] FIHow Ata AR HEd W) oS waEa 4 AYs
2873 ATHAe et al,, 2017). B IAGollA A4 Ede 9504 A9 o 43

S A4 81 (Fortenbaugh, 2011), o]& ZwF 3 A3} A7k 37 &5 S 3 Hj

qUAE Ash= 4] wAYS o thPalmer et al., 2023).

B d5E A9 279 g};q :LO,] x%:r_x-lo] gas Egﬁ o 2y ‘?ﬁd(Ground

Reaction Force: GRF)S AAdatH, o]83t a4#) 71wk 3 e 743 3)d 523 g84¢ &
-

(¢}
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A AGS A= Aoz BaEa 9ck(Nakata et al, 2013). 53], B4 A] 2]= the(Lead
leg)®] GRFE= HIE 2§ £E¢} o8t o] Al Koo, 253 wake] x| Hyke o]
ES5E A9 &5 3t 7]od £ gltka B 8k THOrishimo et al., 2023). ©]& SHA|
3 A AHwEo] Fwky A7 WS EFX8a, HFHoE YA § AL &%
< =9 B84 539 F84S Aslele 28-S hl(Katsumata et al, 2017). whEkA] €14 3
3 |

9 44 5, e A 34 5] o] BEHoz A8l

_|_4

S A8l A9 & 7 2 BE dEkshe FY
o FoAS AR olgjet uh9] S s AF FH, vrjaE T, F:of <

d, aga FeleleHED F otk ¥ Xd%hﬂ %%Hi RAE}(Bustos Carvajal & Arias
Coronel, 2005). 1% Z}0| o EY & A-©5 F7](Stretch-Shortening
Cycle: SSO)°ll 7|9kate] 53 o] ¥4 84 9 A4 iéﬂ sEs e &5 FHE,
AR 2 3E AREsof sk 2z Y SRl gabHel o s del 4 vt

(Ramirez-Campillo et al., 2023).
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Eoo| QW EY 252 Hx F 9 vked T ek FAle FuH SAUdS xS, o]
& 53 A 259 ©4 dux] &8 5, AAT G5, 1283 SSC A& TS A
7= AC R BIHTKKim et al., 2022; Markovic & Mikulic, 2010). £3], A7) AeE A7
o Wgo]l FAD o]Folx= AR, AAEA 7]Hke] 31%01 gL Al vERdth
(Ramirez-Campillo et al., 2023; Peitz et al., 2018). ©]&{3F 5L 314 ZEo|QHEY F&o]
and of M9 34 Vs, 2 39, LEa SEARE 7]& el gz nAE a3

£ Adess AR AA Yt Markovie & Mikulic, 2010).
e A of "‘ﬂ—/Fe EH"LOE &HA] ._a}o]o |EY] F=lo] B}A G g7} Al 7]
o

st 1: @44 4

A= etk AT ELE 3] (Korea Baseball Softball Association)ol] 55

Ars ddo=, o7l ool =AA &4do] e A, 18 EAMo] B4l A
Aty & A5 gidAl AHES Grpower 3.1 Z21HS 3 I 7|(Effect Size) .40.
S (Power) .95, T1E]3L ol 052 AASGlOH, BEE 20%E LEst] & 303
WdAE 2R, B ddAe AT 549 At o die A st
h 2 At dis] APl FoE wkow, HIAE A Ho FIAE AHoR W
ddAte] A 542 < >3 Zrh

N=30 LPG(n=15) CG(n=15) p value’
age(years) 14.530.64 14.200.56 140
higth(cm) 170.07:6.44 167.80+7.12 368
wegith(kg) 65.93+13.17 60.0711.45 203

BMI 22.7043.71 212243.12 247

BMI: Body, CG: Control group, LPG: Lower-extremity plyometric group
“All data are expressed as mean + standard deviation
®Independent rtest
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Hoogts A F29] 3] tlE I7HA Prospective Cluster Randomized Controlled Trial)

2 -7 H(Single-Blind)yS ARES] AASI oM, AT diidAE 2] &3 dok A
S AA E3 Aol A Z S FSnh 13, AT iR 2% "€ s
T 992 Aoty 7 €8 FALRE A EZEpolevEY Ty} tzatel WAt
Fom, #4 o9 29 wjge 59 ¥ W AR 7 FE 37 2 SA 29S Haskst
7] {18 A&k

et of A<

TE T OFFAT 30WS O ® AP 54 % 3 EEeleHEY
THLower Limb Plyometric Group, LPG, n=15), 18|31 H &l (Control Group: CG,
n=15)02 F29] Aot EFaALh TAE 67 e T4 V= HE T 99
o s Hud MPATE SAE 7R o (Markovie & Mikulic, 2010;

Ramirez-campillo et al., 2023), 653+ 5= 33|48 Wast & AT 548 235t

P
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HoAFo M ALgE FA] ZeloleWEY FHL Mondal(2014)9] A3 AFE Faslol
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Phase volume(Foot Exercise Repetition (Set) i
Intensity
contacts)
Side to side ankle hops 12 Rep (2)
1 week 80 Standing jump reach 12 Rep (2) Low
Front cone hops 4 Rep (5)
Side to side ankle hops 10 Rep (2)
dine 1 Low
Standing long jumy 6 Rep (5)
2 week 100 & Jong Jump P
Lateral jump over barrier double 12 Rep (2)
Medium
Leg hop 4 Rep (5)
Side to side ankle hops 10 Rep (2)
Low
Standing jump and reach 6 Rep (4)
3 week 110 Front cone hops 10 Rep (2)
Double cone hops 8 Rep (3) Medium
Lateral cone hops 8 Rep (2)
Diagonal cone hop, 8 Rep (4) Low
Standing long jump with lateral sprint 6 Rep (4)
Medium
4 week 100 Lateral cone hops 7 Rep (4)
Single leg bounding 7 Rep (4)
High
Single leg lateral jump 4 Rep (4)
Diagonal cone hop 5 Rep (2) Low
Standing long jump with lateral sprint 4 Rep (4) )
Medium
5 week 100 Cone hop with 180 degree turn 5 Rep (4)
Single leg bounding 7 Rep (2)
High
Single leg lateral jump 4 Rep (4)
Diagonal cone hop 10 Rep (2)
al drill 10 )] bow
Hexagon: ills R
6 week 100 £ i
Cone hops with change of direction 34 Medium
Single leg lateral jump 46 High

1) HIE Al £ (Bat Swing Velocity)

HE A9 &£x9 Hrie= BA oL XJ’H](Blast Motion Bat Sensor, Driveline Baseball,
Kent, USAE AME3st] HIE 29 £E5 SAHGT E &330] sidte] 2A Sojd &
S ARkl Ao wEoR AAl a2 vE 29E AFgsidlen, F 33 54
skl HJAgks Ab T WS A9 (Intraclass Correlation Coefficients)= 0.78
o] th(Morishita & Jinji, 2022).
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6 | 637t 3FX| Z2H0|QHER S210| Tatm OFF MA0| HIE AQ 25 9 AN 7|50] OjX= gt
2) XK 7| (Physical Function)

2-1. X|™ Ht24(Ground Reaction Force)

AA o] H7l= FIHK-DELTAS, KINVENT, Monpellier, France)s A&-3ke] Counter
Movement Jump(CMNE ZA3I3TE 54 tdx7E I3 A X}OE | & *]’%5}‘#
WS &89 Ao molo HxE F8 &, A Yo AAT F YT AT F
3 MeSAE AAlste] 7MY w2 AL V5T HZoM HEL xo ](Jump Height), lﬂb—

S o
FHo2 Hixsh= 7H0 F3 G A|(Propulsion) 2] FH 't F78(Peak Force)S A8-3137 Tl

2-2. &5 3| If|(Trunk Rotation Power)
% 37 399 Hrhe wuyalEs ARgste SAIT SAL AL 71l &
H AMZ A ZRAl A 3kg HITIAES F-2 EE0] UHeS AREEI] AA] 2Yo] o]Fo

rlo

A= s FUR YPoR GAn A8 S e Ag A% g )
Foz 245 o183l om BAZ S 3AGT F 33 SYslel Auge Agsn

2-3. ™A T2l (Whole Body Power)

A2l geje) Hrke wuAdES ARgske] S48l
o= ™ ez A1 Aol A 7}/\ el FEoRE 3kg Tl
2 5o dAe =4 }Oﬂ‘ﬂr el Ee] A5 ZAF AAE 7
pil

A&
o) em W% 7|%35) 5 33 '——7@5}04 A2 AHgl
5. XfEA2| gt

2 AT A5 £492 Window-8 SPSS/PC(Version 23.0, Chiocago, Illinois, USA) &7 Z2
= Ao Fe Wit (Mean), ¥HAxKStandard Deviation), 12|31l X9}
(Standard Error)(95% A1 #]4=Z[Confidence Interval])= ek Shapiro-Wilk ANE Z8 At
A A4S Aldsglen, 5HEE 74 (Independent Sample t-test)S ©]-83t] @A HA
’\]53:‘5}31‘:}. SA A&l M 257 7 FHE %Y AolE HFs] A wESA
EAHEA (Two-way Repeated Measures ANOVA)S Al&stgit), ojuf Fghe
(Between—SubJect Factor) .2, A|7F RHEZA 9 Ql(Within-subject Factor) 2.2 A
A7 xH e a8 G35 Sl kA FotelemER Fu giE HFsllth
3} A (Simple Effect Analysis)S A8 ok & EJqL— ‘3} ”é
ZF Adell s AR grell A AR Fhs A3he sk ARhS A
o] g3t At 7b zpelE FUME ¥assith. a3 7| (Effect Slze)'— 5
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& o[} Al (Partial eta Squared, ;)% AAH oM, Fk A719) A 7]EL 0.01(Small

TAdAM= &3 A7]E Cohens d= AAstlom, g3t A7]¢] 4 7]EL 0.2(Small
[e] I~Z O

Effect), 0.5(Medium Effect), 0.8(Large Effect)® A4S}ty S48 9 £+ =052 A
Erass

.
Il -1zt

(=001, 7,=309), A7|x]eke] A5 AE T} HEREATHp<.001, 75=418), Y7t F-o
& el7k epdA eskthp=671). 4 A71-3F WEE #1235 LGN 6.05% 57)
&% Thp<.001, A=3.373[2.155~4.592], d=0.61

~

N=30 Pre Post Source p value'
Bat swing LPG(n=15) 55.73+5.20 59,1587+ Time 001
loci b Group 671
velocity(mph) CG(n=15) 56.67+6.62 56.27+6.97 TimexGroup <001
Physical function ~ LPG@=15) 34.87+4.52 373344574 Time 018
heigh Group 942
Jump height(cm) CG(n=15) 35.8746.59 36044591 TimexGroup 037
Physical function ~ LPG(=15) 23.97£1.76 25.43+] 5T Time 098
Peak " Group 926
oree(N/kg) CG@=15) 24.91+2.73 24.61+2.38 TimexGroup ol4
Physical function 1 pG(p=15) 704.67:148.03 776.00143.22%* Time 001
Trunk rotation Group 250
power(cm) CG(n=15) 677.33144.60 682.00+136.24 TimexGroup <001
Physical function 1 pG(n=15) 866.00:186.12 932.67+193.52%* Time 171
Whole body Group .089
sower(em) CG(n=15) 807.33+147.04 779.33£143.20 TimexGroup 002

CG: Control group, LPG: Lower-extremity plyometric group
“Two-way repeated measures analysis of variance.
Statistically significant differences are indicated in bold.

*k: p<01, *¥*: p<001
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2. AH| 7= (Physical Function)

=183), A7) e asprh ey (;%014 np 147), A o8 2oz}
UEhA] skt (p=942). 5%
91,

=
e
(p=002, A=1.315[0.241~2.389], ¢=0.54).

F4 wle] Aol FA201 A Aldel AEAE B e =014, 7,=199)
574 A7)k, e gt fol@ Aok UehA eigkth(p=098, p=926). 54 A171-3t
W3S gel1gt A3 LPGAlA 6.09% 27kl AEFS B wHp=098, A=0.579[-0.114~1.271],

d=0.87), A5 Hlmo A EAHO R Fold Male YehA] @itk

2) &5 3™ If|(Trunk Rotation Power)

677ke) A Zeoled|Ee Fal H8o] off H4e] BE 7 w9lol wAE ENE
A AT <E 33 2 BE 84 9904 24 A7 §oI3 Aolrh et

001, 7;=431), N7IxAe] FEAE FAE FEREATE<001, 7;,=368), FT-1F fo
zpo) 7k YERA] StHp=250). 4 A7]-3F WstE S0k A3 LPGllA 10.12% F7F
E}(p<001 A=38.000[21.104~54.896], =0.49).

oh r°l' ﬁ\

3) & IHR|(Whole Body Power)

65°7ke] B4 Eefo| e ER F# A go] off Mol Al gl viAE &vE B4
o A= <k >3 Ak AN g9l AT g a3t YERSEA RHp=002,
771,72% Al71-zh, a3 a Jekgk {98k 2ol YERA] 3THp=171, p=089). 3
4 A7)-3k Eﬂﬁ}—% gAgt A7} LPGAlA 7.70% F7FsFTHp=002, A=66.667[26.814~106.519],
d=0.35).
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1) HIE A% £E(Bat Swing Velocity)

HE 28 £e& B S5, vAE, 2eal 84 Al ghgARE Rl Ao s gy
A Q4o (a7, 78, 2023; Szymanski et al., 2009), 3HA|olA YA E AHutHo] &
Aoz Az} AAE Add u o wE WE A9 57} B THAe et al, 2017). BEEH X
Hitelo] =82 $EAES B HME A9 SR8 PATIE 2AYS AT

A= A
ek 53], & AFlA E1E wE A9 R Hu | Wile T 5 a3
(=0.6H)ZE eI, o+ z
g3 A 7sAde AlAFSTE
o] 38t o]+ Huang et al.2025)9] Aol wEw, Zefo]QrEY T
248 B89 01, Alonso-Aubin et al.(2025)] Aol wEH o] Q. =
2 ARk o] g kil Haskgith o]H e Ayl E A Aol dA|sh=d
SHEZ FHL L AW HE AT e o E & AT F UdEF 4l 5
I54%E £% PSS 8 (Ebben et al, 2011), AEA Z-8-S E&] SSC(Stretch-Shortening
Cycle: SSC) &7 <7k WA wizte 3, 8ja <7 534 @4571E /s
(Markovic & Mikulic, 2010). °]i= A4 24 58L& /Msa vk 528 2538l &%
EES Folv, 24T 999 g duA A 9 wg 75 A3}, aea 24773
3 24 55 73 9 & F3ES U3 ehk(Huang et al., 2023; Markovic & Mikulic, 2010).
TESH Orishimo et al.(2023)9] HIE 29 &9} AAnte] ko] ot #4918 deh A

o

A3 HE 29 S5 Anke 7k

witE o] &5 LEAES B WE 29 S5 PATIH, E 28 S5 S 9
a shAl =2 Ashe glmwk ZA] o] % shA o] Awnky A TEHS Folw dH 24 F &
¥x Eo|x F#o] Tt B8k thOrishimo et al, 2023). o] F3 ™ H|E ~Y
S ol AAEE AuiE s DHE BAF 9o, B Aol F#d sk 2
olorEY FHL Mgro] A ity B NAT V)5S A HE A9 S o] 7)o
& 7HsAol Atk meh, FE ofF AFolA FEtoleMERY S A7) A4S uHdE

o O

A ME 289 &= ST 71938 7143 0] UTh(Orishimo et al., 2024). 3HA| Rk
T A Sl HMEY A $ HlE 29 SE9 Ayt o] BigtE Felsgloy, ~9 &
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Ak ol AgE ol At A= A =24 o] (Hamill
& Knutzen, 06) EpA ol =R o} gho] k= FkE FHE o 3 Y] A
3 39 =4 @ﬂo}t 4 29107 Z-&8THOrishimo et al, 2024). 53], oF A5 €
TS, X RS 3OS} e AW ek i g Akg vk sasly] i, st
AllA g lU*HPEJ,l 719b 21 o] AIA R AdEE aES 4
A tH(Orishimo et al., 2024). °o]2]gh o]F= & AT X% 34| Fefo|emER FHo] A
wuke el Ale S SAEIH
gk 2 BeAg 2 vekgen LPGolA HEZ xol7t 7.07% ’57}‘01'03‘:1'
Zelol oW EY FHL SSCY 7IAH A&S TR L, @A oluA e T 7] F

il = #3S N rH(Huang et al., 2023). & ATolA L}E}& HE Fo] IS

oo in,
X T
o,

tlo

ol @ 27T Aol WdE AIE B 4 00, Ma et al(2025)E Zefol eH|EL o] WE
-5 4SS B =of B2o] Tty o] avtHolgtm sglon, o B Ao 2
[e)] BE_

3

3 2 @A Ao F728E LPGAlA 6.09% S7kekd) oleldt St
A 28 PR ofyet - E3HAY] ' A &8 5ol ZAeEHUSS
o] g},

Alonso-Aubin et al.(2025)2 314 Z2fo] Q| EZ o] Atz ol &8 A KT} 1 <ol A
e S 3 AN wES B adHoR Asdthal Halskgl on, ssC 71Nk 241
7 Ago| 2ud 3 FES AT A3AT ARt Markovie & Mikulic, 2010;
Ramirez-Campillo et al., 2020). F7F4 02 & A= vt]4llE HAES &-8310] A7l 3
A h9ieh A 39S Brhekdvk 1 A LPGolM B% 3A 99 10.12% FESlom

ol sl A AgH Fx1g o] Tikn) A7kE AX AR A E S WAYUEY] G850

DI RPN ES R

Eoo| QW EY TS 1G58 v, 2% B9 Y 58 58 F7IH A
A 84S T8 2oy A e v(Ramirez-Campillo et al., 2023), Zhang et al.(2025)2]
FANE 34#] 7]4F ZA7F A7 3 A b FAA kS uHky Buskdh AAl 139

ESH LPGOIA 7.70% 5{}”5]0“4 Aal 9= apAlell A AdE ARk o] b A, A7k
A G A FAF SRR ololA= dR] FARE HAA I EE T FFol
(Stockbrugger & Haennel, 2001), ©]2]3t 7] 522 of w23 s ~9Y& A= d 58
3THAe et al, 2017). A3 AFNME spAeA] LA AHRkE o] Azt 313} A o] 4

AR |

=]
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AL =
he o iy

Bz | 11

Ho

U (Nakata et al., 2013), Ellenbecker} Aoki(2020)= 3HA]ollA A4
d o] AFE T3 AR HEEHE EEAMEY] a8S A Fe-erha Basgich

t oft
tio
iin
oxl
o
)
k=l
f
&
o
b4
o

o 1 Aol N AR AGAN ke ) /144 A AN 0B FgHRW
S Zefolor|Eg FUL Ay g ol AR HA L A4 90 FAH G
}e frEstgon,

ol dHAellM AAE flo] ARt} AR &Aoo A= EFAE
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ABSTRACT

PURPOSE This study aims to empirically analyze the effect of aircraft model transition (or type conversion) of Air
Force aircraft maintainers on their safety behavior, thereby clarifying the impact of this process on maintainers'
safety consciousness and actions. METHOD Data was collected through a survey administered to Air Force
maintainers from October 10 to October 21, 2024. Correlation analysis and regression analysis were used to verify
the relationships between the main variables. Additionally, differences based on the presence or absence of model
transition experience were compared using an Independent Samples T-Test. RESULT The findings empirically
confirmed that aircraft model transition has a significant effect on maintainers' safety behavior. Specifically,
maintainers with model transition experience showed that their job engagement and organizational commitment
were closely associated with their safety behavior. CONCLUSION The study provides foundational data for aircraft
accident prevention and strengthening maintenance safety. It suggests the necessity of management strategies that
enhance organizational commitment and job engagement during the aircraft model transition period.

KEYWORD Air Force Aircraft Mechanics, Aircraft Transition, Professional Self-Concept, Organizational Commitment,
Job Engagement, Safety Behavior
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The over-75 years age group, with its complex health needs, is likely to make up an
increasing proportion of the workload of accident and emergency stain the coming
An alcohol-based surgical hand rub is more eective than a 6-minute surgical hand
scrub using 4% chlorhexidine gluconate in terms of microbial counts immediately aer

* What is already known about this topic
scrubbing.

- Summary Statements -
* What this paper adds

years.



k4l
1o

ioD

0K

481

participate in their child’ care in hospital should be thoroughly assessed and their

* Implications for practice, education and/or policy Parents’ability and willingness to
participation needs to be supported.
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