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Associations of Upper and Lower Limb Isokinetic Strength with Pulmonary Function and Respiratory Muscle
Strength in Amateur Runners: A Cross-Sectional Study

Eun-Ho Lee', Jin-Seop Kim?'
]Departmenl of Physical Therapy, Wonkwang Health Science University

2Departmemt of Physical Therapy, Sunmoon University

Purpose: This cross-sectional study aimed to investigate the associations between isokinetic shoulder and knee strength
as well as pulmonary function and respiratory muscle strength in amateur runners. Furthermore, it sought to determine
whether upper and lower limb strengths are differently associated with these respiratory outcomes. Methods: A total
of 48 amateur runners aged 2045 years without known cardiopulmonary or neuromuscular disease were recruited from
local running clubs. All participants completed a single laboratory session. Pulmonary function was evaluated via
spirometry to measure forced vital capacity (FVC), forced expiratory volume in 1 second (FEV;), and maximal voluntary
ventilation (MVWV). Respiratory muscle strength was assessed as maximal inspiratory and expiratory pressures. The
isokinetic muscle strength of the upper and lower limbs was measured using a HUMAC NORM dynamometer at 60°/s
(bilateral concentric shoulder and knee flexion/extension, five repetitions), and the highest peak torque values were
averaged to obtain shoulder strength (SS) and knee strength (KS). Pearson correlation analyses and simple linear
regression models were employed (a=.05). Results: SS exhibited strong positive correlations with FVC (r=.775) and FEV,
(r=.744), a moderate correlation with MWV (r=.542), and significant correlations with MIP (r=.348) and MEP (r=.397; all
p<.05). KS showed a moderate-to-strong correlation with FVC (r=.630), FEV1 (r=.628), and MVV (r=.509) and moderate
correlations with MIP (r=.488) and MEP (r=.472; all p<.01). Regression analyses revealed that SS accounted for 60.1% of
the variance in FVC and 55.4% in FEV;, whereas KS explained 23.8% of the variance in MIP and 22.3% in MEP. Conclusion:
In amateur runners, shoulder and knee isokinetic strength is positively correlated with pulmonary and respiratory muscle
functions. Upper limb strength is more strongly associated with spirometric indices (FVC, FEV;), whereas lower limb
strength shows relatively stronger associations with respiratory pressures (MIP, MEP). These findings indicate that
strengthening of the upper and lower limbs may contribute to the optimization of respiratory function in amateur runners
in different ways.
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2014). T H&gE SRl TFF e ARt Hoika
%= peak oxygen uptake, VOzpeak)d} U =
Ak, 35 #7150l 5ol $83% 7195 et
= e SHESHK(Choi &, 2022).

B ofe] Ao 9 75 5F Teln A 2 Al
W QRS chake ekl el wsia gk )
E A Al Aol 28 254 544 93 s
A 2K (forced vital capacity, FVC), 127t =34 &7|=F
(forced expiratory volume in 1 second, FEV)), Ztj xpgt
%}7](maximal voluntary ventilation, MVV)¥ olug} Ht &
7% (maximal inspiratory pressure, MIP)I} ZHo| &7]¢
(maximal expiratory pressure, MEP)T}= S5 0]AF2] k9]
S Hol, 342 FHIY &4 ZEo] H Vs 55 2
o] Wigt FaYsHA 7k AlASHITHAkinoglu &, 2019).
FRAHRS cokHFrdoie ERRETTE A 28 9 &
FAetelo] FEV: % 64 HaAel FoJ5HA ¢yt o], AA|

Azt #7158 7164 55 Akt A Ueh=
o] FRlE i Arikan 5, 2015). A HARS] =91 Tt
2 3 AtollAle 75 2= MIP, MEP, 6+ H3iA2] Afo]o]
5= Ao] BiEo}(Simdes 5, 2010), 3}& Z£=o] &5
o9 9 H3FEn 1xHow dduo] eS HoErh

Tk =244 H - S (chronic obstructive pulmonary disease,
COPD) o} 27891 thS: Hlwdt oAl thEAR
90| FVC, FEV 9} o3t 9 ks H3itKShah F,
2019). E3F A7] AtaX]85E W= COPD oA tiEAGZ
2% MIP, MEP 9 FEV %¢]&X|2} dA3te)= 2 o= vt
UK(Paneroni 5, 2024), H 7|5 25 293 544 2 7)s 1t
Aol ey SHoM e HEA o= S9lEal Sk H
7] =7HHE ZE Aol A= 81 &4 =lo] FVC, FEV,,
MVVE} Go5gt Ahe: Hoi, Aoff AZ|E ApofMe s14] 29
#7159 71Wek AAE HaEgick(Bala 5, 2021).

&oiet e (handgrip strength, HGS)2 414l 283} 755
THHSHA| 46k AR g SEEH, H 7|5 2 5% LY
o] ATE o Harko] Sltk A7et S 4<%l 1,50009
He o R 3 Atoals HGS7F A #H&eH(maximal
vital capacity, VCmax), FVC, FEV| 53} u}-$- 733t ko] Al
& B, o) F7lo] Het FVCr AR Ao F7leks 2
7F AA= AT Chen &, 2020). 3= =21 o} ZTE A=
ofglo] 7P W& oA FVC, FEV: A3} 9IFo] {2514
Z71519.21(Son 5, 2018), ¥H&EE R4 = HGS7} FVC,
FEV,, Z|t] 7] §<(peak expiratory flow, PEF)} 73351 oF9]
S Holil MEP2M: oI5 1= $tHKim -5, 2018).
AP E A} 25440 4+= HGS7} FVC, FEV,, MVV o}
Yz} MIPL} MEPY] of|&21x}2 AA|E|o{(Kocahan 5, 2019),
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1%

et Sejo] ¥ §40n} 55 TS B0l vdsis A2 At
oo 2| 2AAkg] =910l HGSE FVC, MVV
5 AFS, MIP, MEP 9 25 A HAES- ZET
sio], ofelo] 7] 7V, B 78, el B g
Anbz B uEgrhLiet Hsu, 2023).
5F Z(MIP, MEP)S A4l 285 U 227to] ol
WOl A= 72k Qlch, A%t =elolA] MIPS MEPL: of
bRl B2 S9H0R dusll, 55 e
=] AR ABHIckShin 5, 2017). 2
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e Hoj(Ro 5, 2015), 25 o] A4l 2 7154
A7t E 4 S HojErh s k9l AT EO A
Eo] ofut 7] Ask, AFE 9t AftElE Aom
S m(Dreessen 5, 2024), o]=

o] 7] o ¢ote AFd & YIS AlAKRIT A
] St HAPA= HGS7F o7, 58, 75 654 <29
A S5 ol e Ho, of=o] M4l 554 TEe diE
st= AER B8d 5 des AASHItHGongalves 5,
2018).

AT D SEAQl Aol oleRt ARk duEA U
Epdth AYjE 7hetE Aaold FVCeE MVV 5 ¥ 7|5 A|3E
+ HGS, o2, uie HEo & H&Z A85H3lal(Tokgoz
5, 2025), Ao Apollie o SE A Vs, o, B
71 W T WA Abo]o) Ao Akgo] Tk o] A A
AH7F sl ¥ € & kol A= T Durmus 5,
2025). ¢Hg7] COPD gt A= AA(BEA]) 5574 0]
FEV,, FEV/FVC, MVV® ojUg} MIP, MEP9}= 8-0]5}4
HE]e], A Feo] HAZ ST T ¥ Vs 9 2% &
off 71018 7FsAdo] HarE St Liu 5, 2019). ol2i3t 8-
A A T AE 71 Y AR, B 2
I} MIP, MEP, 65 H3§A 7] Alo]9] Ala(Simdes =, 2010),
S5 7YY} VOspeak Ate]o] AA(Choi &, 2022),
Ak A s B RO w2 HeAE 5k &
219] 54 F(Oviedo 5, 2014) Fo] HiEic}

e 7] At RS eQlolu COPD, $EZAHGS,
HES 5 dgt 9 v AuE o2 =Stk Arikan
5, 2015; Kim -5, 2018; Shah -5, 2019; Paneroni -5, 2024;
Dreessen =, 2024; Simdes 5, 2010). T3+ AJx] 28 H7l=
HGS®} =2 T A|3tof| o)t 497t Watth(Chen -5, 2020;
Son 5, 2018; Kocahan %, 2019; Li¢} Hsu, 2023; Gongalves
%, 2018; Shin &, 2017; Ro &, 2015). AR} 3149 544
8= sAlol SAskL, ¥ 7% ARFVC, FEV,, MVV)&}
TF FEY(MIP, MEP)S 3| B7IeE Al il os &5
o 53] = Ak HEo] gl oliso] YUE thioR opfjet
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Qe mel Aoleka ok 4 Sl
A 2 @] mHE ofuizol Huio]d A 2 a4 54
A —;Laq 4| 715(FVC, FEV,, MVV), 535 2(MIP, MEP)
e ek Zolth 53] AX(Pl) 544 29
Ao} SA(RR) 544 28 AW AR e 554 Az}
Ao o AUE A 2el ook Al 7}
4 elick. 012§ o B4 22
A] 3(shoulder strength SS)¢F 75 544 8 A HE(knee
strength, KS)7} 7} ¥ 75 ¥4 5 &8 x|} W= A
sloj Aphs oz BsIglon, S8 EE KSE 212} Sy
S S DRI 5 o 2 Ao
L <>1L Z*E Htt]o}:x] R o §]-o]
ki) Bl olelgh 23 ofoko] ol A 22 7}
of Qlb-Edold olulg ARl AFoiA 28 25iE
& Aol #H 7Is ® B 8 ] oA 714
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1. 97 chat
AT ofnlie] Bluold W) 713 5§ 28, 1ol
el 544 2 2o BAZ A 98 4E v
Aol A AN 2 HdEY 2 A9 AKAEE ol
S ofkio] By 3, o 715 9 B T A4 544
22 LS QR 4 4 Sl T 20454 e st
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A 71EE ot At

A, W 20745419 AJRloR T 67 o QL A

= s FARHA FHrlR Hds ks Ak

=4, 2 671 53t 5 28] ol FEPIE AEIAY, S
A Z=9AE] 10 km oS G ARA WAFHoR By
YRz ophEe] .

AR, & Aelld Aldsks W 7ISHAKFVC, FEV,,
MVV), &5 =] HAHMIP, MEP) 3 554 JHARS Al
ol glol ofsk S717F gl Ak

A, G- B2, M2, WA S8 SRS ofslista A

o QA Holo] FelFt .

rUlo ri

50| Y& Ak

A, At AaL ol W A AA] =3l FTht Aot A=
Azt Az, A7, YAk Aozt e A

A, 55 T2 Ee= APE 2S84 AgolA, 2
671 W aid A9E FAIRE A= ofufaeo] 2y Aol
A 2Jskict.

AR 5 AEES G*Power  3.1.9.7(Heinrich-Heine
University, Diisseldorf, Germany)2 ©]835}0] Correlation:
Bivariate normal model, two-tailed=2 $~35}T} A Lo
A BuE ) 7% 35 2389 AR 28 7 ARE st
OJl(Akmoglu =, 2019; Kim %, 2018; Li®} Hsu, 2023; Ro

5 2015; Shah 3, 2019; Chen -5, 2020; Tokgoz 5, 2025)
m}aﬂ r = 395, 9o o = 05, AAE(1P) = 80 714
S Ax), Aol 2agth H4 32 e 48P ORE ASES
o}, ofol] wle} i Qlo] HE B AR 480 AHaI]
ovl, BE e 9] 1 58 2 9 544 oY AaE
SlsA st

& A= ohlEe] HUdM # 7]e &5 —E

=44 2 7o) WA Fel] e

ATe 19 2oz sEglon, Me EH*JXlt—

A 9T B} R I AES B F AT
Q]

2 OfOFR0f 2il e BfH 372 < 79



@0 7o BUAT 44 2 oo 54
CSMi AH|E o]-831o] =43t oJ7li(Shoulder Strength, SS)2}
FZ(Knee Strength, KS)2| 9|3 B3 o & A5} £&
Hes Anfo|RujER 43 ¥ 715 AE(FVC, FEV,,
MVV)9} 55 2] 2| 3(MIP, MEP)th AlX]-847] 2127}
7V 9 5 72 20] A BIsl] SI WA Tloks Ak
4g AASG BAH SRR p<0.052 st

g geow,

.53 7 9 4

1) #H71% ZAAHpulmonary function test, PFT)

9 7lsd 2F 29 W7ke 2golzu|E(Pony  fx,
COSMED, ltaly)& ARg5}o] A1) &4 A= American
Thoracic Society/European Respiratory Society(ATS/ERS)
4] AR Aol zm=e] Bl BETE AL (WL Fastel
B2t ool 9k Aol B 3L AE
Sk, AARGS] T Aol wet ] weglom Al el
sttt FVCSF FEV: 43S ¢Jof 22318 ZAZ7HS ARE-
AT RS Fd &7] B 7153 3 w2 3ehA| 3008
T2 xARron, 7k 33] 48ste] 7w or 48 75k

A T 7P =2 3 AEsIitk MVVE ot &) £
2 P47 BFHES AT T 1271527 BBFE A5t
Zakglan, AulolA] ABsHe BARALE ol g 18 Bl
(L/min)S.2 AAls}tt.

MIPS} MEPE Zdf 58 28 242 9l 217} 27184
(near residual volume) F-Zo| A2 2| &7 &, AA &2
(near total lung capacity) FZo|AQ] A 7] kLgog =4

stk 7 A 3] W 245k 7Kg e e Al
eIt BE SHE AAE 2 Wl Fo17) Sio) £
AR 5 IS A8 le] Atk

2) &4 28 HAHisokinetic muscle testing)

AR 9 kR FEHe 5HA s HARH|(HUMAC
NORM, CSMi, USA)E A}g3te] 2451}, A4 —;LE_'ﬂ‘O ol
7 WA Z=a) AA 24 3R] 2
}\]X-] E.Z]—__g Jﬂ7}o}oﬂq. /\ O {L
Mg 4 557] ASRE o R 3t Mg AtolA] Zﬂ”

)

E

< #aste] ARSI Akinoglu 5, 2019; Liu 5, 2019).
£ A SR TR *Eﬂﬂﬂoi A A

NI, 2 BAAZ 1251e] s ALEE B9 B0l ol
A= sk 2 HAbe B SN A45E 6052 27
H %ﬁ*é “~Z(concentric contraction) Z710|A AJSY =]t
oS}t 5 2zl sl ¥F 24 B2k 53] Whe glis)
A stglom, AujojA £ 1]= Ed(peak torque, Nm)

0 w8 G o9 540 cugos Adsit 47
% ol Za} AN P A w2
& Aol o) 2 A®S K
4 A 13 B3 5L SU3F k)
} 1:} olgA A=EH SSQ} KS 32
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N ©
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34;
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> r1

HE 2HEE IBM SPSS Statistics (Version 26.0, IBM
Corp., Armonk, NY, USA)E ARgst] 24530t AT o
AFe] ¥, AAASA, HY B W, 9 715(FVC, FEV),
MVV), 335 Z8(MIP, MEP), A2} §1A] 54 Z8(SS,
KS)ol| tfel} 7|ssAE AREsidit:. A58 M Bt 25
WA mean + SD)=, {35 W= RIS}t ME-E(%)= AAIsH
ek, 240 9HH Shapiro-Wilk AL 5} 474 71
s1lsteih

o )5 9 5F 2T Aol 54
1]oj&> Al A (Pearson’s correlation)
. + FVC, FEV,, MVV, MIP,
MEP$oH, =9 =Ho= SSoF KSSitk. o]¢} 9 # 715
AF(FVC, FEV,, MVV)9} 53 28 2| E(MIP, MEP) 7+
A e, 5870 ARE Aole] TS Tlefsisick A7
Ko] Tlo] FEE P W] i BEHoR Aol
Uk 429] AFAI4(Spearman’s p)E Fasly], E Qro] FQ
A} ANE Tols Aableg 7202 sk
A "l BA] o] ) 7|5 55 Y o vjAle o5
Aoz Felstr] ff8f TeAlE Sl Al(simple linear
regression)S F7H= AJRYSISIch 7 3lEFo|M= FVC,
FEV,, MVV, MIP, MEP % 3|5 £EHeg Ak, SS
E= KSE 47 sy 59z Folsto] E46k%ith 2

A A AP, ARG AT W SRA 19e aejme

= g o) g s (o)

[UlO o,

=]
=

B $AE o) WEsnk 2 moliE viTmEs S
FB)SE AYARRYE AESIROR, $AY frelge o= 4

4 /1% p < 059 A% SR Ao Wik
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1. 917 Thaixie] s SN
2 A IR AREA EAE <3t 1>9] AAEe] Slth
T A F 3178(64.6%)0] F/dollom, thdRe] Bt
32 3298 + 44, H 71= 170.44 £ 9.32cm, H A
69.53 + 13kg, A|-ZA|$= 23.77 + 2.87 kg/m2, 1574
OF T 314 335 + 1.18 sess/wk, 157U 591 H= Al
28.15 + 18.33 km/wk=, thAAe] dAA &Y =S Hks}
k. A WA 127(25%)0] FAAE UERTh

opaEo] i 487 YR ] T4 2= S 5t
A 544 2E(KS), 1 7I'(FVC, FEV,, MVV) 9 3.5 ¢
(MIP, MEP) 7+ A0S 2a sk ohaa} 2. vl
#  7lse]  #ACA  SS=  FVC(@=.775, p<.001),
FEV,(1=.744, p<.001)} 73l oFo] AHIS. MVV(r=542,
p<.001)2}= =55 oFo] Ak H Itk KS 9A] FVC(r=.630,
p<.001), FEV,(r=.628, p<.001), MVV(r=.509, p<.001)2} %
5 olate] ofe] A mol, Ao B4l 2elo] B o
71si FoJsHAl o] itk ok FVCeL FEV ofjAf= SS
O A7 KSHEE A=A o zof, # 84 9 121} =g
4 TR sHA FEE A 2 o dshA dEE
e Hlch

5.5 ZLelTte] WA= MIP7} SS¢} r=.348(p=.015), KS
2} r=488(p<.001)9] oF°o] AHE, MEP7} SS9}
r=.397(p=.005), KS&} r=.472(p=.001)8] 2] A& Ho] =
<49 A#E BRel foft WS Helouy, MIPSF MEP 5=
ofl 4] KSete] Agio] SSEth Arhslo o =7 Lpehget. SS
©F KS Afolofli= r=.782(p<.001)&] 73t ¢Fe] Aol T o,
2 A tiollA A-skAl o] ANk o A e e
ARt

AT 3l E A of| A

2

o rr r2

SS= FVCR*=.601, [=.775,

2 1. AFLHYxte| ey £y (N=48)

Male/Female(%) 31/17(64.6/35.4)
Age(year) 3298 + 4
Height(cm) 170.44 + 9.32
Weight(kg) 69.53 £ 13
BMI(kg/m?) 23.77 + 2.87

Sessions/week (sess/wk) 3.35 £ 1.18
Km/week (km/wk) 28.15 + 18.33
Smoking status, n(%) : Current 12(25)

BMI, body mass index

0
A

o
ol

p<.001)9} FEV (R?=.554, [3=.744, p<.001)2] BA}S 77} oF
60%, 55% 74| Ashs 523t dSHeR YErton,
KS+= MIP(R?>=.238, [3=.488, p<.001)2} MEP(R>=.223, (3
=472, p=.001)Z ok 24%, 22% dyatct. £5shd, opupx
o] FUoA A 544 T = ¥ 715 AHFVC, FEV))
o}, 3HA] 54 TS 38 18 X|3(MIP, MEP)9} Az
2 o 78 duAe Hol Adko] Folx|glr},

£ AL oflio] YuiS o AX W 5] 44 2
o

o3t ) 7, B 29 9 WAL BAT 9 A7, T
28 AW} w5 9 o) @ 5E 2T folat o) Ane
ek He 2RIsigc 4 7h 44 T2(SS)

JEHEA oA ©f
2 AAHGEHEVC; =775 127+ =

r=.744), At} 2Pt I7|(MVV; 1=.542)¢} 7AsHZ55 o]Ake]
o] Athe YRR, Hd S710MIP; r=348)3} 2t 27]9f

(MEP; r=397)et% {oJgt oF9] A Halth 75 54
Y (KS)L FVC(r=.630), FEV,(1=.628), MVV(r=.509)2} %
T Y e HAE B oofsl, MIP(r=.488),
MEP(=472)¢}= SSHT} ] & S6% 4TS Hof, 35 <€
o] Aol i og F5gk sjelE Elrh TeAR s
BAA%E SS= FVC(R>=.601, B=.775)%} FEV (R*=.554, 3
=744)0] Tj3) vz 2 AgeEe B, KSE MIP(R>=238,
B=.488)2} MEP(R>=.223, 3=.472)0]| T3} oF 22-24% 222
ArgeE Bt oefgt Auk= opulEo] gjyoflx] AA] 554
4o 32 v 44 9 7|7 AHe}, 5] 5H5A4 2L IF
eI Ao R B 7R A HY o Qlrks B 9
= AAREEE oL 2 AtollA] ARERE 3RS SS Ei= KS
SPTRS SEHeR ZSE Tl o|qal, F BeE Y B
ol Al 233 a3 AL =R dths S
U e P =S R B ) g [ he=b/ P s o S R A
Ash= A #dsiA] ot

oyt Ait= AgPA-tolA Bid ¥ ¥ 75, 35
o9 7F A diAl 2 daE WS BEelk YEE fk-
2 Apoie B8 =341 584 9ol FVC, FEV,,
MVVE ofgt MIP9} MEPSIE 51 o|4Fo] ool Ak
Hoj, 811 g o] ¥ 7sa 3% 2= R HaES
HastithAkimoglu -5, 2019). B7] =713 S5 AdgeollA
T 5k 334 <ol FVC, FEV,, MVVe} foJa17] AE=|S)
J(Baler 5, 2021), GRS Lok = tEAF
b A] 28 9 ofglo] FEV 9} 65 HaiAz|e} n% oluty)
of, AR 28 Asle} ¥ 715 2 2558 At @ Yehh=

K| S2 220t o Jls % 585 22 Zio] HE OflRo| 2l tha Bt et - 81



ol Bl= Ut Arikan 5, 2015). W wHafAd HHe
(chronic obstructive pulmonary disease, COPD) &&}of|A] T
AR 282 FVC, FEV,9F 5203 A H.¢13!(Shah 5
2019), ] $515 B AT A2 I
MEP®} 9] kg B, ¥ 75 oF 223 44 2 7%
7+ ey A ﬂ AJo] B =]t Paneroni 5, 2024). & &
Fofl A KSQ} MIP-MEP 7F T3l R (R> =~ 23-24, 3 =
AT-49)2 01315} AR AL} Weks ol s, dgto] Ql=
ezle] fUoME A S84 dgo] 38 Y HEo dF
i AU & s AXRITth

A 2] AT 24 go] B, & AtoflA SS+=
Hes] ARG M FVCE FEV, 9] #4ka 282 oF 60%, 55%
ZZ712) AWEHITHEVC: B=.775, R=.601; FEV,: =.744,
R?>=.554). SS7} 10 Nm Z7I& off FVCx= 9F .09 L, FEV &
°F .07 L $7lske Aoz F4Het, o= ol 2 A
T o] FH WAV BHeEFof| 7]tk s Aeeh
T FIRIh AEE @A Aol EobjefEo] FVC,
FEV), MVViE ojyzt MIP, MEP9| o|SIAt= AA=SlaL
(Kocahan 3, 2019), ¢Hg7] COPD Aol A= AFA|(HE4])
554 229] FEV %pred, MVV 4 MIP, MEP$} FA|of &
¥ HE QItKLiu 5, 2019). GA|o] ApollA A 553 75
Ao}, o 47t MIP, MEP ¥ 3= 933 kAot A3E] itk
= EI’_&(Durmu 5, 2025), AR L=2A A7 5 s
433 7ol AR AU & 5 U Ak 249

=el, HES QPXP ot ol EobjefElo] FVC,
FEV &} S55=~73t oF) e Hel 975 HAI(Chen 5,

2020; Son 5, 2018; Kim -5, 2018; Li%} Hsu, 2023), A4

ek ZEo] # G2 7|7 A7 Fa%t ﬁzﬁlow o AA|gt
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