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Effects of s Proposed Training Program 1o Develop Core, Arm. and Leg
Muscle Strength on Middle-Distance Swimmers' Time Performance
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Objectivies. This study sxmmnines 'WIHI.IEIB 4 lureeted dirength progrom (o
the ocorg, wmw, and legs ean ampeove  middlo-distance  swimming
perfunmemce (e, Specilically, o evalusies clamges s (1) core srengik, {20
arm: srongth, (3) leg smength, and (4) ovemll Gime porformance in youth
el e stmnve sw imaery,

Miatertals and Viethnds, angm_w.m.wm
contral proun deidgt wie used. Paricipanle were 4% youlh-culeguny
swimmiery, rasdomby  selected Ewn roveral spors groups in Ktk
Covernomuie They were divided e sn sxperimental group snd & contml
gt The experd mensl proup Tollewed o spoei imtegrated arength
progriom  focusmy on the cure, o, and ey ihe cuntml group
ettinmzd with rEguar miiing,

Roalty. Swimmer who compleisd Ge secalized strenglh exercives
slowd bemer wmc performanes than tose wha pnky fallpeeed the sl
irEning Posl-ledl compurilne oo isdiceed o suilitically seenilieun
aifvanage for the oxperimental group nomss all meamned variahics,
Conilusions, [ summenzes and wraps up the deo. roenting e key
findings and insights derived from yaur study, It should inchde 3 concise
sumimary of Lhe mam poinis discussed 1m0 e paper, meluding the rscanch
ohpectives, methadology, ond rosulis

Introaduction

In the lus few decadew wwirmming hos made greal strides tanks 1 advances in
sparis training. messirement and evaloation, ovemen sciences, amd pliysiology{ Abid ot
ul | 2074; Bishop e 0l 200%). These advances kave helped swimmers improve their tmes
i all kevels off comperition and age. Contemporery tralning regimens ane grounded i esa




seientifie principles designed 1o enhunce the physical ind wechnienl skills perinent o the
particulor execution of ench rice |Caflisdnmeil of ol 20000 Fmproveniend in s ing is
no longer anly contingent Bpon MEmenting minng volume; imstesd, it is predicated on the
guality of exercised mid their refeviice 10 the swininer's mols pnl plvesologicol
perfivmunce demands (Crowley ot al, 2018 Middlo-distance swimming races afe
comisidered amewip the sl phvdically oid techaically complex events, o thev tequire the
avallshility of on inegroed  combinotion of musailer srengh, endumnes, moembic
capucity, and technical eficiency in perflummuanice, Sucoss in hae Eitmces depends on
the swinmmer's ability to maintain 0 nelatvely high swimming speed with cconomical
effon, which requares high efficieney in the work of e army and lege alvng with ik
subildy throughowt the roce ) (Delucy & Androws, 2000}, (Fish & Hohe, 1999
mﬂthumh-mm ane of the most impomant variables  affoeting thi
improvemenl 8f swimmen' Hme perflrmined, copovially erm strespih, which s
reapnnaihlic for generatiig the  prilmary |1m|‘l|||lh‘r.' force, ond ley aereagth, which
contribules 1o mprving starts and (ums @d mEinning @ hozontal body pestion in
addition 10 core muscle strength, which serves as the link berween the wpper and bvwer
lismbes and plavs o pivotnl sole m eMcenily traniferring foece anl seducing ewengy loss
during swimming (Hui, 2022,

Core training han heoome ong of B inadorm tronds i spors raiming Soe o i1
positive effect on improving balmee, siblity, and mwler cetrel. which W diretly
reflected in the quality of techaical perfarmance in swimming (Laveie & Monpetin, 1986,
Rusppoko el al, 20050 Weukl core muscles beid (o imoreased waler resistunce and reduced
elfectvensss of amm wd ey strokes: wherss developing them conirbuies o mprving
hady atrcamlining and redocing e effon svemad durng the mae (Adher o al, 2003;
Gupta el al, 20300, The mereumng wicresl @ wengh todnnyg fur swissnen, many
training programs - appled 10 the wth carcgory toods on iochnical aspeets and the volame
of swimmng m wuler, while neelevtimg or minmiasy sitennon o siremih raimng
outaide the watcr, capecinlly tmining directed rownd developing the functianal strength of
the core, arm. el leg muschkes m ooconbines with the perfomumce regumemenits of
middlc-distance races. gk iy Bimin the expected performunes imprevement for this
sategoey 1 Chorles & al, 2007, Amie ¢fial, 2025 Dnidder e ul, 20250 on the
importanes of linking thetretical and practical aspocts, the noed hes emerged o design
propescd trnining proerons baed vn clear selestific fosmlathons v develop the muscular
srength of tha core, arm, el Jeg muscked, and to audy dheir effect on e
perfemance leviel of middie-dismnee swimmers, therehy eontribmting 1o-the provizion of
Ariving moded Hi e be wtilieed in developing dhie G process withm chus.

Novebry. This study contribuics new evidenco by sesting an f-wock infegrated
sireripth progrum thet simoliaseossly wrpets the core wrms, sod leps ond links these
changes dircotly o 200 m freestyle time perfonmance in vouth rsddles distance swinimere
Uinlike many youth-fecused programs that eniphasize pool volume and techaigue alone,
the prosent work uses 8 conirolled pre-post desipn ond o prctical est batiery 1o show
whether striciured dey-loied strongth fradniing provides medsiarable performaiog  peins
beyondd traditsonal maming, offering u progmm model that cun be sppbed and sdaped
witlvim ¢lish setiligs

Resvarch Problem




Dhespine the sipaificant development wimessed in swimming a1 the global level, the
performiinee tmed of middle-dstance swimmerd in e youll caleginy i mony clubs
memnn helow the destred levels, ndicating shoricomings i some components of the
Uiy process, paiticilady Uwde related 1o specialived phvsical pivpanition pssotiaded
with the mequirements of thess moes, Through the rewarcher’s practical experience in
iy ol iciuching swimmn g, aad his folkswap of swimmers” feailts m the Ml-mmeler
freestvle cvent, it wos observed that many wlimmerns suffier from a decline In performance
effictency in the Gl parts of the mee despite their proficiency b beaic skills, rellectng
weakness in some physical abilities that affect continnity and motor shilicy,

The rosearcher nlso abeorved thut the applicd itening programs place gropt
emphasis an in-wator swimming -sod increasing tminieg distaness, with limited vse of
tergeted strongth tmimng, espectally come musde raining, s oa lock of clear Inepration
hetwesn mrm and ley taining in o way that served the specialized perfonmance of middle-
distonee maces. The reuls of yome physwil measurements milicaie o clar dispaniy
herwoon the levels of amm and leg sorength amaosg, jun o, slong with 1clative wealmess
in core mscle strengih This negatively afTects the eMicimey of force tumler between
different parts of the bady during swimming, leading 1o inereased water resistince and o
devieme i ibe yvammer's svempe spred.

Dhesspate the ahumlimee of thid hitve oduressed the =Tect o sthengih trinmg
on athlctic perfoimanes in general, (that have ‘cxamined the effcer of inicgmued
irsining prugmaams. o develup s susculur srength of the core, anmy, und legs vn the tbme
performance kevel of middle-distwnce swimmens in the youth carcgory remain limieod,
capecally in ke Arub envovnment. Lhe lack of upphed studies iy bed o the pbsence of
clenr seionfific training modain that eonchos con mely o 80 devalop mamoular strength in an
intepraled muonser that suils (e plysical ool physologval ¢haracensizes o yvath aml
achivves mngible imprmvement in te perfrmince tmes of meddie-distance raecs

Research Chhjectives

?h preacnt socks fo oxaming the iipaet of o proposcd falsing progrm desgned to
endunce the ‘ol the core. opper limbe. snd lower limbs on the (me-based
performance of middie-distance gaiimmens. To peach this goal, we nead 1o look we the
Fiallivwing:

1 Lesrkimg intes Bow the plinnsd {onining progrem may siiec the core musele stremsth
of middlé-d wlinmens

2 Investigating the of the propossd rmmimg prgmn on uEpreving arm s be
sirengih [ ylddle~distance swimmers,

3. Amulyvany the effect of the proposed maining progmem m enhaocing leg muscle
srrengih in mi istance swimmens,

A Determining the of W proposed wrining rogram on fmgoving e time

perfurmunce pulccanes of mbdule-distemee swimmen.
Hescarch Hypoilwses

1 It i uesurned that significane sitistical difforences will be present Betwosn the pre
nnd pest-mensarements of the experimental gmougp in terms of core musele strnath,




Em nuscle wrength, Iy mosele smengih, and swimming nme perfonmuance for

mmididle-cistanice swimmpy, will superiir posulls in the post-mensurerhent.
It t5 niso expected that 1 ‘sgnificant, differences will oppenr bobween the
ind post-meabaremenits OF e Goptrol grolp regording core mivscle skl

arm mmiacle sirength, kg muscle streiigih, and swimming ume performamnce for

tiiidille-distatce swiminen:, favongs the pokl-iissanenel resally

i Moroover if is nm:l]und thar “dlgnificont ‘differences will cmerge
betwesn the and contrl grous i the posl-meauntinents of cote
muscle strenpth, nmn muscle strenggh, l:ﬁEntSc strongth, and swimming, time
perfarmance for middle-distanee swimmers, D var ol experimanml graup.

Fa

Materials and Viethods
Soudy Partichpanis

This srody smvnlyed youth-categony swimmes: registered in severl clubs in Kakok
Governorle during the 2075 026 yemon. A foial of 4% solmmers were seleciad using
mmndom sampling and then allocated (i theee grougs (Tahle 1), The pilor grup inclided
15 swmmmcrs and was nsod o sandardize the smdy fests, including checking validity: and

abality The remainmge sw immes were saimed U mam expermmyyl: 13 swimmens

the experimental group, who followed the froposed trining program, and |5 ewinimens
m the comlrdl growp, who confimued he trditivnal iromng program ussd @ (heir clubs
{Sugryona, 2012),

To nmumimire the influcnee of tacinrs ouside the intervention, baske charmercristics
of the somple - upe, body weishi. wml heipil— were recondald before the progmum sturbed.
Thess hpasling data were waed to eonfirm that the groops wore enmpamble prior 1o the
capemmenia] reatment (Table 23

Tubde 1, Churocteriitioi ul the research sissple

Classiflcation Number of players  Peresntage
il wamiple 15 33,33
Expermmentol groop 5 a3k
Canmal grosp [b] 31.33%
Tkl 45 100

Study organlzathon

Anm experiimontal approsch wns chosol hoemme it matched 'u simof the shody,
ich was o test the effect of o propesed streagth prognm on swimmers' e
nesemch nacd 0 prodsst-posttonl contral groap @i with o ppin e an
cxperrmemal grosm and o control grop | Ankunso, 20001 Besh groups completed the smme
st of urémets before the mxining period (pre-teet) sod afier the eining period (post-
igal) e inlervishtion phese, e sxperineniol grodip perormed ihe propeed
program that focused o developing core, arm, end leg mosche crength, while the cowtrol
erougp fipllowed the usanl mainng progrom upplicd in ther clubs.,

Statisfical analysis




Dty were processed wsing descriptive amd inferential statsnes. First, parmcipants”
buseling churacheristion (o, biight. wnad v wti il ) were siimmir s wding approprae
descnptive indicmors (Table 2), Then. pre-test mnd | posi-togy resulis were compared (o
euiimie chouges willun cach group wid differmeey between This expertinentil mnd combiol
proups aficr the micrvention. Susistical wstisg was ascd 10 determine whether the
observed differsioes were simalcast,

Resulis
Sample descriptian and digrvibution cheeks

Table (2) prescents. the bascline dosesiptive stintics. for the whole sample (n = 45}
Participunis had @ mesn ape of 1724 & 038 sours, budy welghi 7160 & | 88 ke gl
height 17725 & 201 em. The nomnlity indicarar wone within ncceptable rngen, with
shewnews between - 036 aml 106 amd kurtosiy between -85 and 162, This supgesis he
dutp were reasonably well distrivned and the sample was sutficicetly homogencons for the
experimental snalysis (Tobke 25

Table 2. Stutegical Indicntors of the Research Sample for the Base Variables Prior o the
Fxperiment, m = 45

Fm Uil o m Wl Kuirtusds
Agn Yom 1= TR L 181
Wely b kg THne 15 il 8
Heiwh om a8 10 AL RS

Mewsaremont (ools wod lest sel

The study vulvonies were massol uing batiery linted in Tabbe (3): fruni
plank (cwe srengthl, inclined push-up md 3 kg mbodicine ball hrow (oo srengih ),
manding fong junp (lcg sorengih); and 2040 m freestyle time (perfoimancel,

Tubbe X, Testa Lsed i the Research

Absilitis Luid of
Ut o] wlee nigils Vol gelmnie sl e,
TmeTired prme pmish-up e Rent,

Ao mews: | @vengih Wb Hocine bl flsronwy 0 Jiggd el Bty B s fior LLE

sy dil o

Leg munche sireryh Smrdmg leng uep e o,




Al Teits Lmbd @i

Swanmny e periormance  Rumeaical kvl af 308 m fressyls swimming St

Pt wtwd vz valldity s eelinbility

The pibot stady (n = 151 was comdueted from &9/20F8 w0 | 992005 w dweck Use
quality of the teate, Discrinsinast validity was sappored by significant differonces botween
the uprper and kvwer guartiles poross ull feste {Toble 41 The calculsted -values nmged from
352 1o (R, sweceding the mhulatad vabie ot < (105, which indicaey that the te5ts were
able b diferentinte bebwees ligher and lower peslummsts.

Tabke 4. Sypmificance ol [hifermces Bepw e the Upper and Lower Quurules fur
Dretermining the Discriminant Validity of the Tests Under Study. o= 15

T - Ee—— — e —
R Upper Quartiles Tarmer Qmarties i l”“dl]n.
Teila Vintsn ¢ & v alue
Yhenn =5n =]

Prrne plasds pee S AE 12 TIIE Ln3 01 .0
Il prom: puslenp ol ltep 1405 124 e Lis 274 P
Mesfivine hall thoowr (7 kg) with both Meter - .

7 3 ! T 32
fassads Do st iy i e A e ! o
Stnmfing innp jfrmp s mm 1A i (E=TF] EA AT a
el Tonel o 200 a3 [t g 14328 123 A 19 30

Test—retest weliabiliny was oxaminad wirth & 7-day inrcrval wing the zanic pilo
sample. The correluiion coslficimis were ph iz = 0948097 1), confirmmy thut the tesis
ware cotsistent and stahle seimes repenscd mcasare ety [ Tahle 53

Tahle & Relixhilny Cocfliclent hy Caleulating lhuﬂmﬁﬁm Retween the Fird
Applicatios und the Re-Tea in (he Tests. (n = 1 5)

Linil of Haprrimenin| Gronp  Cantrel Groap

Megurvmnin N

b M 5D M +sn e

Tram plank Lzt sor, % gy IR ol

b |l e prosli-agp be Bap 1241 34 1148 1484 [T

Meiicme hadl thaow (5 Kgiwith bath Miler 58 Rt L 6d 07
linwdn Foor inaic ivios Giviiiinee

Stundinng g pp s am, 16581 ) LBEEs L&y LT

Sumerrcal level of 300 m fresayle o 23 LaT [ERRE] 152 =

B -

Basdine equivalence befween groaps




Hefore the inisrvenion, e expenmental and ol groups woere statestically
coniparalbe | Table 7). The calosluied (-values (0561 02) Tiefoni the tabulsled valiae
(2045 at p = 0.05), indiating oo mesningful pre-test diffieronees in. core strength, arm
strurigeli, bew streiyeli, or 200 in freesiyle e (Toble T}

Table 7. Fquivalencs Eﬂmﬂ!-ﬁu Caatrnd nid Faperimental Cieoups in the Teus (Cong
Muzscle Strenpgih - Amn Streagth - Leg Soength - Ssamamen” Mumenical Perfonmmes
Levell Bedone the Fxperiment n= 15

T nit of Faperimestal ; Significa
I wits Meadniremsim Lot i r 1Erany P e
Miras =5 Wiran E-1 Lavel
Lrr g 1.1}

Treme plask (et St W g R 102 Am

liwhoeud oo guslup Lol Eep. 13,36 Hh 3 ) EF 2 131 [ L [LRL)

Mpdizine hnll fhrow (5 g wih ol Mlwier =18 I i NP [ R L& (LR
iy lor oeivnmans disglencs

Stadiing lusig sy el Wi lad, g (K (LR e ] (RG] i

S al level o 3 m framivie - 145 a3 2111 I =) L oAk fonaoi

swdinnury

Tabulaied i-value ol significunce leve] (0,05) = 2,048
Pro—post chamges E ihe caperimeninl groap

Al commpletmg the proposed tnimng progrim, the expermental proup showed
slear improvements in all study variables (Tohle Xy, Post-1ev means wore higher for the
wirerigihi meaniuren il lower |betler) [oF the 200 th Beeslyle time The caloulated gavalics
mnged from 492 w0 15,82, indicating, smtistical by significant pre-post differences ) favor
of the post-fest iordss core. orm usd leg strengil, wowell us swimmmg time performance
(Tahle K)

Tahle &, %ﬂiﬂmdﬂjﬂhﬂm Aetveen the He- Mansroment and the Past-
Meubisrenient for U Experiment] Geooup in e Teuls [ Core Muscle Siength - Ann
Swrengih — Leg Stresgth — Swanmers’ Numeriea) Performance Levelh n=13

Undf wff Pro- Ragnilien
Tl Measurceem Mlieusar comend e Lol i e
Minn HIY Misn s Laval
_Frowt jdenk bl _Bue. W) m %A i Ll




Buciinad e st s Rep B3 BRS MM K B 0o
Medizring bl e (5 kgi wih boh Mol i =
it o s it 1K (T R 15w 492 i i
Suacaling g jumy (cat m, BN LR I L e1S e
Wumerical lz:llnl'.‘.'lhilm fresstyle o 3, 1 i 1™ 194 AR i e
Tabulated t-value at significanes level (0051 = 2143
Pre-pact changes in the contrel graup
The contral group also mproved in severml mensungs sfer the trining period
{Tahle 83 Sipmificent gainy were found inthe plank, puskeup, sumding long jump, and 200
m frecstyle time. However, the medicing hail theoe didd oot reach statistical significance (¢
= 203; p = 0.00), supmsesiing thal e tmditiunal progrom may nol heve provided eneugh
stmius @ improyve this specific nmm power component (Tahle 9)
Tahle (¥). Smaistical !mﬁum of Dimterenaes Rerycen Pre-Ten and Posr-Tear
Messkrements for the Contol Grodp s Cure Misdle Sirengih, Ann Srength, Leg
Sength, and Swimmers” Time Performance Level n= 13
Unitof Pre- Siymifice
Tesis AMemuressenl UABBE PRI P s H raloe e
AR BN Masn =50 Lawal
Fronn plask res S e (¥ Ring T 46 ] ]
Yo i e psslieape Lot e L 137 e 13 e tio
Sllpilicne Bl iGrow (9 by owih o Ml i o .
B S yemirsnn dislanos A1 L e and rm e
Sl luig: juing e o AR I8 I3RS 141 eee 106
Mamecical |l GE 0 n avetite S T L8e luey 115 an i

E R

Tabulated t-valie at pignificance level (0.0%) = 2145

Past-test umrﬁmngm the experimental and contral groups

Tt prvai=Eosi compirison (Tablo IU].E expotimmemal groap outperfarmiod the
oot proup scross all vansbles. The differesecs were smibsnenlly significum, with 1-
wvalues eanging trom 301 @ 736 Thede patierns are also visible in Figue (1), which
shows higher post-resd means. for the expenment| group in stremgh mewares snd o better

(howery mean timc i the 200 m fresstvle event (Tabke 10




Table 18 Significance of Ditferences Emmw and Coneraf) in the
Posts Mewsugerment i the Tests (Core Muscle Strongih - Arm Strengih - Loy Strengih
Swimmers” Numerical Perfermance Level).n= 15

1 i wif Faprtimenial " Nagmilica
Measurcmem arnup e 1Grp fanliar e
T Minn 11 Minn .11} Lol
Prome nlask (e ap I3 1.0 LARE ] 1.4 Lan i
Irecfimad et pomiru it R, E T T T 1YL I &1 Rty .00
Mpdicine Rl thirma (9 gl wih horh Mlssher 5 b %
B e vy P TR ™ na sl .o
Bricing long sy el e, (T T R LTI ST 92 00
Memnrial lovcl of J0F m hosivic =
s = 1T Lok PWES 135 4An wm

Tabubsted - valoe at significance level (N5 = 2048
Thiscwssinn

Tl shusddy wis badly on the bypothess thal o sineejuel stremgals progrem egeting
the eoee, arms, amd [ggn would impiosee atsengeh- ieiatod capacitich anc, in mrn, enhance
M m fieestyle time performance (n middlo-disrance swimmers. Oversll, the findings
support iy bypothess, The experimenial moup showed clesr swins m all stremeth
varlables, aceompaniad hy a meanimpin reduction in 20 m sfime. The pontrod groap alag
improved m several mewsures, bul the chinpes were smaller and the meticne ball thoow
did not reach satlstiond sigaificance.

When vicwed alongside the litoatrs, iz pattem is consigiont with sardier work
linking sirenph development w swumming perfomuence, pursculely m evenis tal regaire
bath apecd and snstained power. (ARl Alguabella ot al, 2025, Crowler of al,
20| 8 snzrhdisrhis mescalur srensth as o mporiml contnbulor o swmmmers’ compeatve
peffmance, cipeclally (h e thar s st long i daimths, The impravement [n core
srength cbacrved hore also [ile with the view il o stronger usk wepports body stwhality
and mare cfficient forec transfer berween the upper snd kweer limbs, which ean holp
muniniein an cifecuve swimmng position ad sooks ics {Lopes et al, 20215 In
additon, tha gains In kg power align with the orgument Ieraat-liniks atrergih playe &
key mole i startz, mms, and nainsining a streamlingd posmare in the water—iackrs that
vmn dirsily influence overall mee wme (Dot lncono et al, 20071

At the zame time, the contra] grop sesulis provide o wsefl comparison, Thair
tracditisl n-wiler rening wis mmough o produce Lmprovetenis b several oulcomes,
which supports (he ides that consistent swimmung proctice can reve pecfvrmunce through
physiologieal adapeation. However, the Inck of a significant change i the medicing hall
throw sugypess thal conventional truiming wlene may oo sufficiesily develop ceruin
arength qualivies, parsicalarly thoss selntad 1o uppor-limh prwer, This peipt mane s
{Amun e al. 2025) chsorvation that irditonul progrims cas moprove swimmers (imess
andl perfommnnce, biil the galing aré ollen uneven acrosn stidingih conyponents when specific
dry=land srengih work i limited or absem,




From o pracucal smodpoint, these findings muner becouse they whow ther beter
200 m performunce i ool caly o lechnied dsue in the pool. Strenglh capacity — espocially
when developed in an integraied way scross the core;, arma. and begs—appenrs to support
stroke wilectivencss, body alipament, jind enerpy oMiciency over the sace distance. In olher
wordy, dry-lune strengsh miniag showld not be trested as an optional ads-on; it can bo
ansgrinimngd [l pant ol preparaies for yvoull madille-diamce seammess whes it i8 plaaoed aod
progresiacd properly.

In terms of applicatinn, craches can incorpemote functional srength work for the
core, arms, usd legs inlo weekly truining without sacrificing techmic] end skill-focused
seapipns im the waser, The ke i gradiial |nsel progresion, cxgrciae scloction that relates ko
swimming demands (Darsesanto of al, 2009 Gupia ot al,, 20200, aed close attcntion to
safety and lechnigue, espocinlly far adulescent wihlets. The vontrol proup Gndgs alvo
serve s 3 reminder: regular swimming taining romalad bencficlal, hog if the goal &
larger performenice gam, o more urgeled siengh aimulus is likely seeded (Cafas-Jamei
ctal., My Crowley cal | 201K

Fumre research can ewiend these resubs in ecvernl ways. Stwdics with larger
samnples s swimmmers fom Glferemi clube ur oo would belp confinn buow widely ithe
program can be agplicd, It would alno be wefil o compare different program duratans
e, 6 ve B v 12 weeks) to sdentify the most ¢[fcienl traming perad for mprovement.
Finally, adding mare swimmisg-specific vartahics—anch as st and turn performance,
siruke roie and siroke lenpth, or phsdological dndiveon - could clunfy how strength gons
wanslate wmro fasier maec tmes in middlo-distance ovootsi e - fowesigotions bt e
Tea iy of Stmmedinge bn Secondary Sebools - Lowplborouih Untversine - Fleshame. nd),
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