Korean Journal of Sport Science 2024, 35(4), 644-653
https://doi.org/10.24985/kjss.2024.35.4.644

KsrPo’

Original Article

Comparison of Gait Parameters and Kinetic Variables of Lower
Extremity Joints between Normal and Pre-Sarcopenia Groups in

Middle-Aged Women during Gait

Jae-woo Lee and Moon-seok Kwon*

Konkuk University & Konkuk University Sports Convergence Institute

Article Info
Received 2024.08. 14.
Revised 2024.12.11.
Accepted 2024.12.13.

PURPOSE This study compared the spatiotemporal gait parameters and kinetic
variables of lower extremity joints during gait between normal and presarcopenia
groups of middle-aged women. METHODS Middle-aged women participants (n=24)

were divided into two groups based on the Appendicular Lean Mass Index (ALMI):
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a normal group (n=12) and a presarcopenia group (n=12). During walking by each
group, spatio-temporal gait variables and the maximum moments and net joint

power of the ankle, knee, and hip joints in different directions were calculated and
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compared using independent samples t-tests with IBM SPSS 27.0 software. RESULTS
The normal group and the presarcopenia group showed no statistically significant
differences in spatiotemporal gait variables. However, during the shock absorption
phase of gait, the presarcopenia group showed significantly higher maximum knee

abduction, maximum knee internal rotation, and maximum hip external rotation
moments than the normal group. Additionally, the presarcopenia group exhibited
significantly higher maximum net knee power during the shock absorption phase.
Conversely, during the propulsion phase of gait, the normal group exhibited
significantly higher maximum net ankle power than the presarcopenia group.
CONCLUSIONS Middle-aged women with presarcopenia experienced higher knee
joint loading and lower ankle joint propulsion during walking, indicating the need for
training to improve lower limb strength.
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5 AT, AofF7]9] YA EHFL 40A1E 7o R wE
Aaol7] A&, AR F7tol et G4 5HA Hachs A
HRItK(Park, 2018; Won, 2020). 3] 40M°lA 64A17FA]9] &
7] gL 3ot HA o] 2 525 W3l 9 AASE £ 5o
Qs A E5Fo] YA % olstE HojA= AR E 24
9 27] 3= APY & Slon, ARG JdH o R =2 2
A9 PSS 7R |= Ao & B EIA ok(Kim & Oh, 2024;
Lee & Kim, 2020). o213t 27432 THAS 9 =44 g
O & o]ojd &= glof, Adf ALBJolA] Fdolg o] A7 Helof Qlo] &
83 ZARE = Qlch
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L TASE SAE 48T, 4, By &5 HHEA QL AlA|
71'6& H7teto] ATA 234 S(pre-sarcopenia), <44, &
Z 2@ AaZ(severe sarcopenia)2. & FEFEHChen et al., 2020;
Cruz-Jentoft et al., 2019). AGA THASTE THAT A4 AH
olH, AL AAE Bl Y9 AXZEF(Appendicular Lean
Mass)& Al (Height)9] AlFL2 te gho] A 7|EA Kt 2o
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2 Ave A2 12718 W 2224 &4 2 AA E¢30] gl
B3 2o Algto] gl 40, 50t FEI4 247g0] FoistTt.
2 AFFgR= olFAHA WA F4H(dual-energy X-ray
absorptiometry, DEXA)S ©]-83}0] AFA] 83 Arms Lean Mass,
ALM) 31219] 28 (Legs Lean Mass, LLM)S £33t 5, AIX
<% A HE(Appendicular Lean Mass Index, ALMDE AFH&E3F%
tH(Table 1).

ALMI= 4 - sHA Y] 2532 Bl 5, A9 AlFgog ve 4
OJcH[ALM + LLMI/Height?). ALMIE 28452 L
ol- &= H(Arai et al., 2023), ALMI®} &8 & 9 5o
g 2445 GAE EF734) o442 ALMIZE 5.4 kg/m’ °l5kE &
A THEAZOoFE AGSHCruz-Jentoft et al., 2019). o] wek
£ As A7EoAE ALMIE 71208 24Tl gl B4 J
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5ot & AE A 257, oFA 257, AR 57 AR
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EEZL F4]7] AA(0049 =7 /P 23S E45k0] A8
ot BE Ao ZEol A APdel 598 R, AFERtE
9] oS BT Aol FA A9 HHT dxpol s
AZFENA AA|5] Aot o, o]l AH FolA o gt A+
o Z}=0] ghoto] AES Z st
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A7 AH @ A%

E A1 BE HFoAE2 LunarAHLunar prodigy; GE Medicla
Systems, Madison, WI, USA)2] o]5HAHEFASH(DAXA)E
o]-gsto] AgE EAS AAReH, 4 A 9d AHZ O HARAAL
7h HARe] W] BE ALet AR B 559 SAIFS S5t
Ut o]F AFFoite AWEA(spandex)2A 9] )RR FHETH
., ViconAto A A|l&5k= Plug-in-Gait ModelS 7|5t 2 AlA|o]

Table 1. Characteristics of participants

. Group(Mean£SD)
variables - ;
[unit] Normal Pre-sarcopenia p
(n=12) (n=12)
Agel[yrs] 44.25+3.96 42.67+1.61 2.118 .051
Weight[kg] 57.54+7.81 55.80+£8.68  .515  .611
Heigh[m] 1.62+.06 1.62+.05 178 861
BMI[kg/m’] 21.83+.290 21.26+3.21 457 652
ALM[kg] 3.86+.38 3.16+.31 5.022 .000*
LLM[kg] 12.14+.21 10.35+.18  5.088 .000*
ALMI[kg/m*] 6.07+.45 5.15+.24 6.247 .000*

Note. abbreviation. BMI(Body Mass Index), ALM(Arms Lean
Mass), LLM(Legs Lean Mass), ALMI(Appendicular Lean Mass
Index)., *p<.05.
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XZ, 74 BFE 7522 AQFRAE Folstint. Aol b=
Aed wAH HA H ek o]-&-sto] sf-eha] AAIQl statics trial&
Fgotar, B3 A Weivt 2 5 Qe TR, £5, s FE US
I g #He] & E7(greater trochanter)o] 2 WAL olAS
AASH 5, B3 5291 dynamic trial& ZJsFiTt.

T B Al dAqtgtoiApd g 9 E-of R RhA} of
A9l f1A] Hloly 3 334Y 54, 259 &

27](OR6-7-1000, AMTI, USA, 1200Hz) 2t, Vico
2.16(Vicon, USA) £XEF0]S AH8315ith A7l 484
S0 48 W B Aol YAH BYe Iz TS 95
Aieel] gl ole] wlo] ma e SuE F, R Ag] 7
ofeteitt. APRIAE By F2 ARG FHT AHolN &
W TS EX BYS AZon, R A Austesle] osw
o] A&, WA Auuteslo] go] WEES sjo] WAL
(stride)ell et dlolelE Sstoith. ATHIAE By B &
38] ABOR, o] 5 2812 £ AT A Yole 2 o] g3kir.

(.

ORI

A L B4

U By Al FAF At & A ] Al - F0d By
9l(Spatiotemporal gait variables) & 3}#] 49 L5517 &

59514 A7 += Giganet(Vicon Motion Systems Ltd., Oxford,
UK)2 53l 57]3Ksynchronization)dle] =33t 5, Nexus ver.
2.16(Vicon Inc., USA) £2ZEJo]E o]&3lo C3D TS A
shieh. Ao static trial, dynamic trial® C3D TY-E
Visual 3D £2ZEg0]J(C-Motion, USA) 4 & 84S Ao
2 FEsto] st o, ARy oA BT & (noise)S
AAsH] Ash B P (filtering) sttt 33 1A HlolE&= HE
2 22 A9 53 e (butterworth second-order low pass filter)
£ AHE-5to] 6 HzE AE|ollar, AHyE HlolB= BE A 22
A9 53 " (butterworth second-order low pass filter)& AF
&5to] 50 Hz2 HE|Y ot tHAlkhatib et al., 2017).

2 A= AA 23 F7]04 871 o|[HIEE AL, o] F

~<— Shock Absorption Phase =——><—— Propulsion Phase

Al - 370 B WHRldt 612 WE o 59y g J1F 11l
| @3}7] 8] 6749] o|MIES o] 851 Figure 1). RHC1(Ist
Right Heel Contact)e|HIEE A WA Q249 HEX|7} A|H] 4
3 A1, LTO(Left Toe Off)o]HIE= A £o] AHoA HojZ|
= AJA, RMS(Right Leg Mid Stance)o|HlIEx= QE t}g] A7)
9] 37t A AR L& FHE7A D7 HE7 2 AgkE= A,
LHC(Left Heel Contact) oOJHIE+= 4t FEX] 7} X Ho| HE3E A
A, RTO(Right Toe Off)o|HIELE @ 24 Zo] oA Hojx]=
A]Z, RHC2(2nd Right Heel Contact)e|HIE:= Q2 t}g]o] ¥|
2471 ol%, T HA Q2% FEA 7 A Aol FE3 Aol

2 A+tE HY Al 2284 &4 94 29 7531 S 1Est
o 7+ AAE sk 2 (Jacquelin Perry, 2010), 229 &9
A JEF0 & Qg 4T AlF FolE S5k #2& RHCI
OJHIERE RMS oHIEZA] $ZF &4 F7HShock Absorption
Phase), RMS °]¢ AHE W= 542 B9l AF52E Ao o]
&ot= o2 RMS o[HIERE RTO oMIEZAE 4 7+
(Propulsion Phase) 2. & A3}t

£ AolA Al - A B Q2 B &% (gait velocity),
St 2% AP (step length), §F 2 Ae(stride length), & 4]
(step width), 3+ A2 Al7Hstride time), §F &% AlZHstep time),
22 tg] AAAIZHright stance time), LEL] B ZHright foot
angle), BZ%(cadance)ol™, 52 402 £HH 2554 A=
£ o] &5fo] AFESItHFigure 2).

B3 52 A ofA] T o] ek o BHEE= AA £EH9) F-
52 xF, A F5E2vF, 45 50 AGHEAE 7EL R
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Fig. 2. Definitions of the Spatial-temporal gait variables
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Fig. 1. Event and Phase of Gait Cycle. Abbreviation. 1% Right Heel Contact(RHC1), Left Toe Off(LTO), Right Mid-Stance(RMS), Left Heel Contact(LHC),

Right Toe Off(RTO), 2™ Right Heel Contact(RHC2).
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Table 2. Definition of local reference in each direction of the lower A A
extremity joints
Joint Local Reference 2 AFE 999489 A e AdA 284S A 2to) Al
oints _ _ _ _ _
ML axis AP axis VT axis A B3 §iQlH skA] WA Y] f5HeHE] Ho|EE Hlwsty] 919
Ankl +: Dorsi Flexion +: Inversion IBM SPSS 27.0 &L EfJof(Armonk, New York, USA)E ©]-&-5t]
¢~ Plantar Flexion —: Eversion =9 X t A& (Independent t-test)S AASFAL}E 7H 2 ¢
=: Flexion #IR F2.052 Agstel B4 K42 At
Knee . .
+: Extension +: Adduction —tER
N +: Flexion —: Abduction
Hip —: Extension
' A2
Note. Abbreviation. Medial-lateral(ML), Anterior-posterior(AP),
Vertical(VT), Internal Rotation(IR), External Rotation(ER). BTl g Guu Ao 2aaE 92Uy 24He
B SAL $YoHAOR, B FAoA W A3 B A

power)°|™, A4HE $2]7} Ok(positive)ﬁ’—] FrolH oAl A4,
(negative)9] ol ovx] G2 45t Winter, 1991).

A7 BF L& s 35 tEZ AHSSHlAL, DEXA &
A E A7 By S Bl AAIY #-2of gt Bl §
© A< gRlstgint. ol w2 A7 shA] PEE o RHlEe}
i & W e L8 tEE 7o AEH

rI-E nlo

(Spatiotemporal gait variables)¥} 3}A] 38 9] Wk ¥ 2o mdl
E 9 Hd 0t9] 8R1ES AFEsto] 15 7t Bl st

B Al A3 B3 Q1S T 2 v|w gt Axf= (Table 3)
I 2ot By S5, g0 AL, 3 45 A, BES o O Y
o], 5 AL, S A AR Q8 thel AAAZE 0 u7
SN A 204F A B Qe 21o] BAHOE gl

Table 3. Comparison of Gait Spatiotemporal Variables between Normal and Pre—Sarcopenia Groups of Middle-Aged Womens during the Gait

Gait Parameters(Mean+SD)

Variables[unit] : t P
Normal(rn=12) Pre-sarcopenia(n=12)

Gait Speed[m/s] 1.32+.13 1.24+.15 1.508 .146
Step Length[cm)] 66.40+3.32 64.92+4.69 .893 383
Stride Length[cm] 134.15+6.85 130.45+8.83 1.146 264
Step Width[cm] 4.58+2.85 6.0242.62 -1.296 208
Step Time([sec.] 0.51+.03 0.53+.05 -1.237 229
Stride Time[sec.] 1.04+.07 1.09+.12 -1.195 245
Right Stance Time[sec.] 0.61+.05 0.64+.07 -1.223 234
Right Foot Angle[deg.] -13.32+10.59 -16.95+6.32 1.021 319
Cadance[steps/min] 118.03+£7.43 113.67+10.51 1.173 253

Note. Statistically significant differences are indicated by *p<.05.

Table 4. Comparison of Peak Moment of Lower Extremity Joints between Normal and Pre-Sarcopenia Groups in Middle-Aged Womens during

Shock Absorption Phase of Gait

(unit: N*m/kg)

Resultant Joint Pack Moment(Mean+SD)

Variables : t p
Normal(n=12) Pre-sarcopenia(n=12)

Dorsi(+)/Plantar(-) Flexion .166+.086 .186+.73 -.634 533
Ankle Inversion(+)/Eversion(-) -.027+.038 -.037+.065 477 .638
Internal(+)/External(-) Rotation .019+.011 .014+.009 1.392 178
Flexion(-)/Extension(+) -311+.102 -.357+.105 1.080 292
Knee Adduction(+)/Abduction(-) -.448+.103 -.592+.176 2.441 .023%*
IR(+)/ER(-) .085+.029 .134+.066 -2.353 .033*
Flexion(+)/Extension(-) -.821+.252 -.943+£.252 1.185 249
Hip Adduction(+)/Abduction(-) -1.067+.109 -1.136+.155 1.253 223
Internal(+)/External(-) Rotation -276+.071 -.379+.148 2.164 .042%*

Note. Statistically significant differences are indicated by *p<.05.
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Table 5. Comparison of Peak Moment of Lower Extremity Joints between Normal and Pre—-Sarcopenia Groups in Middle-Aged Womens during

Propulsion Phase of Gait

(unit: N*m/kg)

Resultant Joint Pack Moment(Mean+SD)

Variables Normal(rn=12) Pre-sarcopenia(n=12) ! p
Dorsi(+)/Plantar(-) Flexion -1.315+.194 -1.232+.141 -1.196 244
Ankle Inversion(+)/Eversion(-) .383+.199 362+.177 .269 791
Internal(+)/External(-) Rotation -.156+.036 -.174+.038 1.146 264
Flexion(-)/Extension(+) -272+.127 -.238+.143 -.624 .539
Knee Adduction(+)/Abduction(-) -.244+.081 -.307+.079 1.922 .068
IR(+)/ER(-) -.155+.043 -.156+.044 .077 939
Flexion(+)/Extension(-) 1.278+.288 1.154+.259 1.110 279
Hip Adduction(+)/Abduction(-) -.873+.118 -.828+.061 -1.159 263
Internal(+)/External(-) Rotation -.113+.055 -.163+.061 1.942 .065

Note. Statistically significant differences are indicated by *p<.05.

Table 6. Comparison of Peak Net Power of Lower Extremity Joints
between Normal and Pre—Sarcopenia Groups in Middle-Aged
Womens during Shock Absorption Phase of Gait

Table 7. Comparison of Peak Net Power of Lower Extremity Joints
between Normal and Pre—Sarcopenia Groups in Middle—Aged
Womens during Propulsion Phase of Gait

(unit: W/kg) (unit: W/kg)
Joint Peak Net Power Joint Peak Net Power
. (Mean%SD) . (Mean+SD)
Joints - t p Joints - t P
Normal Pre-sarcopenia Normal Pre-sarcopenia
(n=12) (n=12) (n=12) (n=12)
Ankle -.393+.134 -.358+.106 -.698 493 Ankle 3.841+.893 3.153+.664 2.143 .043*
Knee -471+.154 -.966+.574 2.884 .013* Knee -1.192+.449  -1.322+.555 .633 .533
Hip -.870+.369 -1.143+.318 1.942 .065 Hip 1.398+.475 1.335+.696 258 799

Note. Statistically significant differences are indicated by *p<.05.

Aol= HEIUA &3THp).05).
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Note. Statistically significant differences are indicated by *p<.05.

A 24 210N $8 Bt Y B Mo wele W 1k 54
0.2 o 2fo]7} LhehbA] eiotehp.05).
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=T ARALMDE ol&sto] A4 A 127, AdA 2345 A
127808 FESHG. 7 A7) Fd2 FAgAlo] dstE B
¥ S22 AAsten], AdolAbE A3 Y HQly e,
5 o9 o U Hd ZHE ¢ A & wd s AE
Sko] 1% 3 v stEY o8 B HY Al S AEA 24
a0l sHA| WEo FEAA &4 8903 B3 B4 vA= 9%

ZRIstazt st £ d7e FH9AY] AgA 2aase

4799 S-S o R A 57 ]
2 A A n=12)7} A9A 2745 It n=12)
520 lw BAsC,
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2191 e of] 71918k LEAA &/44Z EYAIE 5= AHCruz-Jentoft
et al., 2019; Fan et al., 2022; Woo & Kim, 2014). £3] 4]

o 2R Walol AHTE FAT olF 2o AP YAHSE
o AHHC R w2 IA% THES UBle 2o dEA 3l
tHYang et al., 2019; Kim, 2021; Lee & Kim, 2020). 4459
A A 752 ohget Aol ool AAE I QUA|RE, o] FHRA
AEFASHDAXALE ST F, A-oHA IS8T ol-&sto] A
Abohz A 55 AR(ALMD7 A4 A 12 0|81 Qirt. o
JE9] A9 ALMIZIE2R 5.4 kg/m’ olots A AT OR
7(]‘:}0}”1 =48 FAe A4 £3 5 wt AT, 5 2

AZ(severe sarcopenia). & E-F5Fo] ATttt E 19| ATt
%%‘i% Ao FAIFL(Y ALMI 5.15+.24 kg/m?) B4 J
THALMI 6.07+.45 kg/m?)o] ]3] SAHC2 ¢ £2& el
ItH(Table 1).

THAETE A Bt oA 257F9] A EC] A YERH
(Janssen et al., 2000), o= oFA] +219] OF5He 7FA Lt B8 759
oFsl= HHAIA]7| = o7 LA QItk(Fan et al., 2022). ©]of Hd
29 BTt Al &5 WL Y 752 IRlth=
HEZQ H7F 8AER o] &HHJacquelin Perry, 2010). 23§ A
ShA] 59 Aae By XY Aot UEal o]& Qs B
Y &, 3 A5 o], T IF o] 3959 A7 FaHEKFan
et al., 2022; Muehlbauer et al., 2017). ¥ dFojAE AdA &+
Tas Ay A A9 514 283 (Leg lean mass, LLM)S] 4=
2|9 2polE YR AT Table 1), B8 &k, 4% A7, 5t 2
= A, BES QRIENA BAA Aol= gle Ao =R YET

HeY 522 AlFEAo R 87HR|9] 7|54 Ql HHo® F&0=
Eoto] AArA oJulE Hojgt 4= Qltk(Jacquelin Perry, 2010). &
Aqts AR F5 el LEGEE VR0 E A HE
sk AIFRE LETE AA71Y S AJTRAE 54 &5 4t
o] % e 9] Al ﬁ% o]-gsto] UL o1 AAE 7@‘%}2
B o|FA e S A AR FESHo] EAstlon, A3t
H ol Bl Ao E‘?ﬂEQ} Ao & B o9& AFESHe] H|ag|

B4 A9 Bk 22 w0 Ay 94 BHE, Ho) Wald BEs}
A gt BAH 0 oI5t Aol 2 Blstect,
B A FF §4 774 o] o] gk 2719 27] WA
1=
T

(initial contact), ¥-3} ¥&7](load response), 57t UZ7](mid-
stance)i AlEskd 4 qlom, g ke AlF FolE A% 34
& 4 5ot O}Z]«] HIEE %1]5}7] At 7150 84
ojj 0}11-4 oy 52
ogo]-,—_—tﬂ Ql'\i]-(]acquehn Perry, 2010) E35], dopgudeg2
(quadriceps femoris)2 Ed 27| ZA|7] A] 5 THE9 #3 &
HEE Z7A7A 224 54 9 348 MHAFS §X 5t (Neumann,
2002), B7]Z(gluteus muscle)> FHHS oFg&H oz QAAA o
3 2 55 B Hg3lol| 7]ojok= AR B HEH(Rinaldi et
al., 2022; Park, 2011). HEH otA] 5% ot ddi< &
7129 sdgo] ekekd A9 By A £ 3d 9] e Aol Hast
of 2 ¥4 B (collapse) ¥ Wt (valgus)dt 22 &-55H4
Q9] 4+4] HglE 7FA2H(Van der Krogt et al., 2012). & &
T- A AE AGA 284S I3 ZA A o A5 B
3 #Q1T} ofA] O] 53H WSS Apol= UEhA] g%k
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)

SHATE By Al SAGS ol AGA 45 Jdo] B4 3
o Hrop 25 #do] Ay 9]’(4 TE, Hd f3d EHE T3
PE BHO A I RHE QRlA BAZHCE & £AE
ERigich B3 Al 75 #E0] o o d =l E@r W3d HHEQ]
7t 75 B9 §okg 717171 W] 8 &4 4ol
A 71=M (Butler et al., 2009; Kulmala et al., 2013; Marriott et
al., 2019), 99 #H9 3d HHEQ] F7l= ¥ A9 F
E ASA7|E= 82107 Z8dl= Zlog E_T’_ELL Qlth(Liao et al
2019). 132z %jEPﬁﬂ R e %4@91 & oA 25F HAR

o
o

=

_L

o) 9 WA FF B A8 TEEY S 7159 o)
2 QA8 BT AL Le}%q

B o WO HE A AT g F4S 5ot
£ Ao R PEs| ol5A7E AE5E 7 BZtolnt. K A] of
2] B4 4 5 249 2 HY & d w9 £ E vEhd
HWinter, 1991). 23§ A] Ak2H 4 oh9]9] ()9 2 34 &
&, Y 32 FHES A oA PR At 4= ot £
Aol A oFR] I W X ool & AbEsto] B4 Add deA 2
Fas A 2hof| v|wdt A, B A $4 5 7o £ 4
9] 34 T 1] FA A ARA ZE4F JA( -.966 W/kg)
o] B4 (=471 W/kg)el vla] BAHCE & £X& et

ok B4HQl By A FE ol HY) £ w9 g e 58 @
Ao| AW 37 FH2 A, BY A 5 28 A 7
£ T g Aol 9 B TR WekE WS, ol T
o) BAES S7H1A Hl « 59 gol ShRE shaE 4 oot

(Astephen et al., 2008; Freisinger et al., 2017; Rudolph et al.,
2007). metA B AL AoA 284S ool Agog 514
LE&Fo| B, B8 oA BAE A 9H, WK BHET} A
gHos =2 55 1S W, B A 54 &5 oA F
= B4 o & 4_4'-?47]' A AT AL obA] 5:9] ekstE Qlgh
5 B ERPAS 902 7S] & 5= 3l

B Al 34 719 O o= B4 @‘30] 3.841 W/kg,
A L84S o] 3.153 W/kgl 2, FAF Hoho] MotA 3¢
2% AYET =2 U IHo Y & w9l E Blow, BAZHS
2 Ot Aol & UEr T B A] 5HA] 259] k= AlsS A
WO g ol5A717] 917t XY A4S TP 7= 82U F of
o|tiBrowne & Franz, 2017: Franz, 2016; Gottschall & Kram,
2003; Jacquelin Perry, 2010). £3| &5 #Eo] ASZI= 1
Y Al 718 A ZH8ot= AE]] 840tk (Jonkers et al.,
2003). W IE o] ASF o] A-Eok= Fot 1#%4 Fare
A1A ¢ 1*‘%* FA5ge A (Franz, 2016). ol & A9
Ao A Yepd AeA] L84S Akt 4F Ao O]'X] +57FY
2tol= AAE Hire. A7 E 790 9] Sl A

22
o1g AL AL HAT 5 Uit

T AE T
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