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ABSTRACT

(Ol JEIGE Many studies have investigated the effect of mechanical power on the

Article Info: symmetry and asymmetry of the lower limbs and have discussed the differences in

the values of this parameter between the two limbs. Additionally, some studies have
Received: 11 June 2024 investigated and analyzed the types of mechanical power (propulsion and control)
Accepted: 20 June 2024 in joint movements. However, no study has yet examined and compared the muscle
Available Online: 21 June 2024 mechanical power among different joints of each limb, particularly the dominant leg.

Therefore, the present study aimed to compare the three-dimensional mechanical
power of the dominant lower limb during walking.

Thirty female subjects were asked to walk at their chosen speed and
barefoot along the path of the motion analyzer cameras and on the force plate so
that the three-dimensional mechanical power of each lower limb joint could be
recorded using the obtained data. One-way analysis of variance (ANOVA) and
Bonferroni's post hoc test were used to compare the values of mechanical muscle
power variables at a significance level of P<0.05.

Among the peaks of mechanical power of the dominant lower limb, the

Keywords: highest peak belonged to A2S, and the lowest belonged to K2T. Additionally, the
) ) most significant difference was observed between the average of some parameters

Mechanical power, Walking, such as H1S and other peaks, while the lowest average difference was observed

Dominant limb between the averages of H2F and H1T and other mechanical power peaks.

Therefore, it can be concluded that there is a relationship between the
peaks of mechanical power of the hip, knee, and ankle joints of the dominant lower
limb. Among these peaks, the second peak of the ankle has the highest mechanical
power, while the second peak of the knee has the lowest mechanical power.
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1. Introduction

Walking is a common part of an exercise routine, and muscle mechanical power is a crucial biomechanical
factor in analyzing human gait performance. This parameter describes the energy flow that initiates or
controls each movement. Muscle power can be calculated as the product of joint torque and angular
velocity, providing an estimate of the combined muscle activity of each joint. This approach indirectly
determines the performance of muscle groups (specifically, extensors and flexors) that pass over the joint,
both eccentric and concentric (1). The interaction between muscle power in the gait of healthy individuals
reflects specific driving and control functions related to each organ (2), as joint power determines the role
of muscle groups in movement production and control (3). Currently, no study has investigated and
compared the muscle mechanical power among different joints of each limb, particularly the dominant leg.
Therefore, this study aims to compare the three-dimensional mechanical power of the dominant leg joints
during walking.

2. Methods

Thirty female participants walked barefoot at their self-selected speed while being recorded by motion
analysis cameras and force plates. This setup allowed for the capture of three-dimensional mechanical
power of each joint in the lower limb. External markers were used to assess joint coordinates for kinematic
calculations, and the center of rotation for each subject's joint was estimated. Following each gait cycle,
data on the subjects' right leg was extracted from the cameras, and ground reaction forces from the force
plates were analyzed. Instantaneous muscle power (P) in each joint (j) and in each plane (k) was calculated
using the product of joint moment (M) and its angular velocity (®), as described in Equation 1 (5, 4).
Pj.k=Mjk. wj.k equation 1

One-way analysis of variance (ANOVA) and Bonferroni's post hoc test were used to compare the values
of upper limb mechanical muscle power variables at a significance level of P<0.05.

3. Results

The results of the one-way analysis of variance are shown in Table 1. It is evident that the peak of
mechanical muscle parameters both within and between groups is significant.

The highest peak of lower limb mechanical power belongs to A2S, while the lowest belongs to K2T.
Among various parameters, H1S shows the most significant difference in averages compared to other
peaks, while H2F and H1T have the lowest average differences. In the thigh's sagittal plane, there is a
noteworthy relationship between the average peaks of H1S and H2S and most other mechanical power
peaks, but this relationship is not observed with H3S. There is no significant relationship between the
average power peak of H3S and the peaks of the thigh in the frontal and transverse planes, or between the
knee and ankle in the transverse plane. In the knee's sagittal plane, the K1S peak is the only one that did
not show a significant difference with the other peaks (K2S, K3S, and K4S) of mechanical power in the
knee. Finally, in the ankle, the peaks in the sagittal, frontal, and horizontal planes show the most significant
relationships with other peaks of mechanical power in the dominant leg.

4. Conclusion

The ankle joint plays a crucial role in forward propulsion (6) by creating significant plantar flexion during
the push-off phase (7). This movement is essential for forward motion, particularly during walking. The
hip joint's abduction and adduction in the frontal plane contribute to stability and maintaining dynamics
during single-leg support. During heel strike, the thigh's involvement in controlling the forward movement
of the trunk helps with propulsion and trunk rotation. The knee extensors, especially at the peak of
mechanical power, aid in preparing the body for push-off. The knee's movements in the frontal and
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transverse planes are not as significant, but they play a role in power generation during impact-absorbing
positions.

From the results of this research, we can conclude that there is a variation in the peaks of mechanical power
of the thigh, knee, and ankle joints in the lower limb. Among these peaks, the second peak of the ankle has
the highest mechanical power, while the knee has the lowest. Therefore, specialists in biomechanics,
rehabilitation, and therapy should consider that the ankle joint plays the most important role in propulsion
during walking and muscle strengthening activities. The knee primarily has a stabilizing and controlling
role.

Table 1. The results of the one-way analysis of variance for the peak of mechanical muscle parameters in both within and
between groups

Power comparisons Sum of df Means of F Sig.
squares squares

Within groups: 352.367 21 16.779 191.678 0.000

Mechanical power peaks in joints

Between groups: 53.924 616 0.088

Mechanical power peaks in
different joints
Total 406.292 637

Ethical Considerations

Compliance with ethical guidelines

All steps of the protocol for this research were approved by the ethics committee of Karazmi University's
Movement Sciences Research Center (code 103.1000). Additionally, all participants were informed about
the details of the test process and signed an informed consent form to participate in the research.

Funding

This research did not receive any grants from funding agencies in the public, commercial, or non-profit
sectors.

Authors' contributions
All authors contributed equally to preparing the article.

Conflicts of interest

The authors declared no conflict of interest.

Yousefian Molla & Sadeghi. Comparison of the Three-Dimensional Mechanical Power of Dominant Lower Limb. J Sport Biomech.2024;10(1):70-81. 72




Y olowd Y+ 0,93 NFY Lo 599 Swo g dlxo

gy dlio

oy 01y > 3 S Jolio (smsaw (Silso (g3 Ao
T Bolo jae {0 Ve lbuwgy ans!

2O -l R 835 30 Ol s Ty oMl 3131 BEWEIIS ¢ ol 59 SlSogn 89,5 L)
Ol 2l (O3l M 6505 lo5 BRSNS ¢ o359 PHIE g (ST T DASWISS ¢ oui 59 w\»ww, § SuilKogu 09,5 .Y

Ol el o8 ‘@5)‘5& oSl au.‘fs,b pole bM,ﬂ ‘U‘:’).)9 AS.&.:&Q%J bg; Y

IS .
i Wlie Ol
gl 4y g 103, (w52 1y (L 1 0,5 @15 9 ()5 2 (S0 @l U (gl e VEY 3,3 VY el )b
IS 9 Sl pin) (S ol g8 Olalllas (B g cwioned WIAS1 01T 93 (m p3 el ol p3lie VY a5 1Y 1 ey U
Cowl oauiis €L slantlae (ST Lol cilodld 1,8 Judoxi a5 g (owiy st D590 1y Jolhe C8 o 45 (3392 VY ) Ll U
2313, 5y b pogasdl e @Il b i Jolie o ;3 (Was (SilSe ol dmalio g (owyp 41 &5
D92 (58 oly o P (S Jeolhe (Gumdns (Sl (g8 dunlio pols (gl I Bun ool i
oo 510 93 s 33 430315l L g 355 AT a6 pos by B 0d dislsd 35 Soga3l Vo
RS 2 gamaw (Sl olg bl O] i osliiul b B wgp ofy Gy (w9 (595 31 9 S5
nlio (g1 (g pigs (oS (1901 9 (19951) A1, (il sl Sl (y9031 513905 o Lo o1l Jolie
93,5 03liol PS /00 (5,15 dixe gedaw )3 55 1 oIl (Seile e 3l5 (51 puiio 25l
b o o Sy (o9 @ (Blaie Sy (2 yilit el Sliod @l (SWe g sSy (be ﬁ
O Omzed 393 (K2T) JUS 30 y92 asxiuo 13 9il5 S (109D 4 Blxio (32 oS 9 (A2S) Jlia bw o 43 antle
sl b yIoline ©glis oy piaig (H1S) s low domior 45 oy Sy gl widle B oyl 51 (3 0 cpuSilo 019 e
amio )3 3l Sy gl 9 (H2F) Jliig 8 amivo 13 oy St cymogd S siloo (s 9 005 i WSy oly iy sl (Sl s
s 0393 (el gl (1 e (Slo olgF GBSy prlw 9 (HIT) JUj 00 o)
& 9 915 ol bolhe (Sl ol Sy o & OS5 Yl o W 4 g bl
9 Oty i 5 a1 9315 9 b e S (wegd Sy (o 3 9 A1 3929 BLS | i (ST el sl
30 polaidl 393 a1y (SeilSe plgi oliae (7S

! 1
! 1
! 1
! 1
! 1
! 1
! - - 1 Al o3 5. H g . 1
! O] OIS (855 0 O )RS g oMl D131 BRSNS (o y9 SWlogu 09,5 1 w3 |
1
! HAA (AVY) VoYYV 1ol !
: :
! |

Razieh.yousefianmolla@iau.ac.ir : Juos!

oy oly o> 5y gl ol gamdw (Sl ly duliio ¢ Solo o Yogyliuwg:



https://orcid.org/0000-0002-1527-7737
https://orcid.org/0000-0001-6563-9882

39 Sagw dloxe Y oylous e 5y93 VFo¥ o

.

Aol

9 29 se aBLS SMae 08l lme g 384 pade e glagehly Sl (o plyedr gyl (Sl CMas oy
Coymw & o o(60,Sos Ul b "j byl g dbae g (V) cuwl "j ooldl ey g dlae  Seolud (0950 3l oo
Caolio (g6 S e (g aS” Wledly L Gladss (V) Cowl diuly oad 48,5 K4 Cuwglie Sy 4 oo 5 (oLall
&) ol Mze 5 Joolao (SoloisS 5 (SeinS SleMbl 5l oS5 ol aS1y> wdgy slivs plasl 8™ ,5 ol 8l Sbles (4l
il o ol Lawgp Lol Mt (sloog,S 8 ko  yosSinm Suolih g (e Jao 250) (SlSiogm sl o 3 51 5 (F
o il (a1 g 5l (S 5 (o gy ooy g Juado j9litS 0o Jolo) lao )55 a5 29 dslore
wgMeds b o o pdy oly Wile S s o 3 a8 Canl e flen ;5 SO ST (LI L ol pan o SMae slaog S )
DALl & (Grgo 4 @05 18 odlatul 3590 0l el I (IS e (e lp Sl Juabe (g e (Sl
(0) ol Lo 8 5l S o S i) (ol g cato ) 5 S calae K pxasls

5935 5o )8 sl )50 cllad cpl (L) Car & Cunl ore (slo)eS abox Sl (Sl 5 el ST (585 oy
b (ol JU3y0m amio H g Jlgyh amio F (Jlusls amio S I jolate 5 Sy o)l o 03,91 sue 5| jglate 9 ol
st OMae & wad e &) By (as (295 P Sl (b (A) b Il )blas psbas @l o3
5 SMae (oo yud argls )9buiS (c95b Job wile  Suogill (clacudgiome oS an 31 g oligS digy sy > Jlud ols
den90 g o )0 () A5 S gls S dbul (sl bl Co g > dlae 2l | Cowl (S 0 Sl Aldle
oxdd il Wlgs o (SMas (g e Jolad (b (g (F) Wbl dlae culled oS puSain Wilgi o Slizs plul Jolas )
o) «S5elgil sl b blayl o (Ve) da axd )5 S5 5 plul o b byl o pesuie Slude 5 (J5S o sl
aldle gliss plul Mae g Glbl)l wod oplply () +) 29 g0 Jisee (glpa bod Slos g bap il aeis j3 Meolss
Cunl b (S sl 9 Sl (o lse paseis )3 (TPl g 33 (8) oly Jobo 53 (Sl 9 J5S 53 oS
(V)

Olej 3 e (Slag yielily S cabae (SS ol g 2980 o3liul Jloy (08559 4l Su 5l (i Glgiedr (5, o,
o118 S | saiS g9y o8 335 o Slisiy ol chvogs ol bl ool Sl Cnl lasl S8 3 Slas losig 5
Slasgly S s g o 9liS Jpuasmo (lgids Sl o alde ol Gupm 305 0 deslome (238 slogyed g (S yogg ]
(0) 29850 03l 5,35 oo Jato (55, 3l &S (o)5uSL b b jguiinST) (SMde (slrog S (Sl a5 S s 42)
oSxin ) pll ya ) bgyye (JpuS (sl Slas a3 9 pasedie Gl i il B3l e8> GMae (g o Jols

1. Texeira

P8y 01y o> Py Y Jolie amaw (SHe oy aunlio o Sobo g Yol

\Ad




Y olowd Y+ 0,93 NFY Lo 599 Swo g dlxo

356 6ol Slllas (A) sl &8 o S 9 Mg p3 SMas slrog)S i 0aiiS jasuie ¢ haie g &Slya ) A o
V) Conl didls s plail 93 o 30 yel)l cpl polie Ciglas &y g WilodyST Ly |y Sz plail & pae 5 o8 5 (SO g
o 525 gy 390 1y ol €812 3 (009 (SS9 Slieg) (Sl (g g Slalllan (S pzmen (MY
caliseo Juolde oy 3 SMae (SOlSe )lg5 dunlio g )y 4 &S Cunl st bl gladdllas giSE Lol (V5 F) Wilodls 13
oy r> Fy b Jrolie amdwr (Sle (g dualie p3ls iagh s (cnlply 9lyn 5p b pegasdl e plul o

D9 ()

u’“’l‘*" u39)

g @yoyie ppSolS VY5 2 YV Sx 0dg (adls (Jlo YA/ Y /¥D o jlme Blyzuil 5 (1 Shio b wllo 5 Ve dlaws
13 skl diges g dnsly 33,8 S s g L] Loyt ) (S Nged g, b adllas opl > Jlo AAS /A 55,0 able
o5 CES B (VYN e e 1) S psle lisiog S ya 3] e b )90 cygil USSg g2 S pl 3o
ingei Laal Iy hmggy 10 &8 b alalST asbicols) pyd izmen 5 1B,S 8 (g0jl il B Sl o 3 PSS b
alllas 51 5131 0,38 18l ) ol 665l 5 il e &S aln b s ccsiygil Y] dils 55 ,m S99 Oy
by slayge;l 51 Qe plusl i (6l g lidle plsl da oyl culy plasl la S3ge5] coled g0l 41 39,9 Caps H3ad Bl

(V) 28 ool oIl S5 g9y Gy 9 2P & (3) wpd diye aded (05 5b (bg oy

<SOSR CWESSCANVINE SR | S ) RV SN RESWWWINE SR Lmub}nﬂ oy oly pis ¢ Sliss plul 03 (gamdw (slaodls
b syto bl Yo 30+ g gto Slo £o )0 00 JliwnS) Culy wye dac 93 ¢ (3,2 VY MX-T40-S) 10,93 03 L ViCON
o) SM o Jio 5 Sl plil g a5 Jolie ololid g1y g B0 g glaer (AAB AV 3 AA3 AT ¢l Jao

3 odlawl cuS

59y o3l (g yglen yrumo Loy 5 o] Al 5l liabol 5 olStalojl Lo b b ingojl (sl (sl dmosls (g pslaen 51 2
b ad anlss W ageil jleuasl Sl po (sl 08 o) o oo 53 5k iz (39051 32 15K 115 935 (Slaamio
Jioigay 525 (3:55 plol pglatods €85 )15 ialejl 350 )L dus 5 3903l 2 g oy dimy (sl L g 063 A5l sy
I8 Cady w99 93 69y 2 (swydd plusl g i o 0030 by yed Lawgi 1a)S Lo plos )] 55 a8 i ool placed I Lol

g3l o Jate (1552 S50 (e5S 5 (2)B slay S o il end b)) Jeolie latis jl SsloisS Slusle (4l
93 3295 el gl 50 (Ve s 9 MSE sy o WolLring y2lé) (NEXUS) ugusS I8l 5 jilid 0335 osliz
2yl i3 3 3131 () 52 (sl 40 bgnyo oMbl «lgi Al yo b bl 55 b 00litol Cady Lyaygd oMbl
S9) 2 &S 2Nl hwg Slog plul Glagisn 03)5 med biuly o)5b I o sanliie (yaj STy (5950 9 oM
elod BB e S b e g 95 9 Oy ke SletsS (09l Cnd 4 gl g o 0ol 15 gl slawliss
135 () Jeaie yn > (P) slaliod Mse g5 OV ) 51035 duuslona WINLET s ISB (sl il yoll 5 555 3,lg

oy oly o> 5y gl ol gamdw (Sl ly duliio ¢ Solo o Yogyliuwg:




39 Sagw dloxe Y oylous e 5y93 VFo¥ o

() doleo) s dwloro yj alaly b (w) ‘_’ﬂ Slugly e cpiron 4 (M) Jato Olos wpd o> lgieas (K) axiw B
:(\V ‘[))

y dble  Pjk = Mjk. ojk

5 yolate g S ojleud o 03,9 dae I jslaie Canl b oo Juato A g g3l Jate K cl, Jurto H 5l jolate ol )bl ol p
sl JUS )90 axiuo H g Jlg)b aio F Jlip b a0 S

LSI)J. P Jhzo n_é|)>u’| 3 u»;)Luo )‘1 PRIy O}nﬂ d‘)’. .bb)f oalésiw! VY J.\a SPSS )l)’éhn)j )‘1 ‘S)Lo] s s ralzu’] ‘51);.
09o3) 9 (l99s) anl,So uilly Jebos g0l 51 cpmizmon b oalatl Shggpulis (ygesl 5l odls o5 92 Jloy (s
w33,5 oolitwl PS /00 (gl dre pdaw 53 5y pliil (SOlKe SMae g5 slopuite polie duslio sly Soyiier mins

=W

Sl g5 (:Sle oyt 2Bl oo pasudie &5 jeblan sl 00 0301V sz 53 o ol (0l 5l Jolo gl
K )y o H j1 jsbate bl ol ) A2S Jliobo pgs S 3 b o ke 4 bgsye (5385 oy o yig ol 3
Hngs)ﬁWFstuWS)l)wsﬁu0)1.04»0.\.»0.))91.).}&)‘)9]4‘&9“»‘[}CAJMAale)JAaM

ibe K2T s 00 p9> Sy 53 5ily e sl oliwe (25508 g (Gl JS52y90 amio

P Gl Pl Jolie (SOl g Loy jlol mls ) Jgix

Sbe £ jlee Gl ol by 3Sbe £ jlre Gl sy Sl £ jles Bl ol slagles
W/Kg) L g Jako (W/Kg) 5y Jate (W/Kg) ob) Jaie
—+ /YAy /YAY AlS — /¥ /RYY K1S CJEFEEL/YVY H1S
Y/VAYE - /A0y A2S < [YOVEY/YEA K2S —[BYE/FEY H2S
NBAEN ) A2F —[YASE YA K3S YNETY H3S
AY = 2RV AlT —+ VO£ A/¥Y K4S — VAV /NS H1F
o[o¥YEL/ YO K1F NANGE2TARVN H2F
IRV NI K2F SPPYEL/Y.Q H3F
R IERY K1T — [ oEVEL SV H1T
—of Yty K2T N 2% 29BN H2T
[eSAE]-AD K3T —o[¥YE /YA H3T

amio Sl jglate 5 S o losd 0 03,9l due I jolaie gl b o JuaieA g gil; Juate K ]y Juate Hjjl jobaio cllais] oyl o)
(cal JW 3,90 aioH g JLsg,s amino F ¢ Jlusbo

s ol lygil (blitl (9ol J) ol @l pizmen 351 odls qjgs (o9 Jloy 5l (S Saggmlds ool b
(Y Jois) 2 slizs plusl Juolae (SlSe lg & bgspo (sl 1Sl )3 jlolize cigles

48" W 0oly L w68 ol ¢ pundind Cand 4 by ye gl b blsyl g

oy oy o> 5 Sl Jolie gamdw (SOl lgF dunlie (F3Lo g Yo ylbuwgy

\4d




Y 55lowd Yo 0,93 N FoY Lo 599 Swo g dlxo

S5 plal Jolio (S0 055 5 g el ¥ Sy

&)lslie F Slygiome yuSle ol 4y Slyglome gaeme o ylo5 duns Lo
oo VAV/EYA VYA 3 YOY/YSY SSile s clacSiy 1 oms)S 95
ot Jolia S, pm 53

A<M 15 DY/AYY SSile s slacSin 1 oms)S e

Py plul calises Joles jo

YV ¥-5/YaY Js

H2S O WY d)bl.l;w bl.:j’)l K2S 9 H3F H3S Jo :.,JL& ‘51; uSwlSw O|9S & b}g).o dlﬁ% )iL» 9 H1S o

4 bgyo slacSy o s HIT s it o3 (gybolins bls)) KBT 5 KIF K2S H2T oy Ji ol Sl o)y
& olixe bls,l ALT § A2F K3T K2T KIT K2F KIF K3S K1S HIT H2T sy i (ol Sulso ol
K2T KIT K2F KIF K2S KIS HIT joy e 6l (Sl ol 4 bgrye slacSis o s H2T o5 oy

W odd (6 bliae cigles ALT 9 A2F K3T K2T KIT K2F K1F K3S

eolis ALT 5 A2F K3T K2T KIT K2F K3S ot Je ol (Sole ol & bsye oS o s KIS
A2F , K3T K2T KIT KIF oty e sl Sl ol & bgre slacSy plo s K2S o b a3 g loline

L;Lm;i,,; ),{L‘.s P AlS O oS 0D d)l)taa Jo[,.'i)l AlT P A2F JE e e dl-’ uSwlia ‘_',\93’ & 109.3).0 tgl.a:;i"..; ),{L.u P
byl i gl (Sole ol a4 bospe sl plo s A2S (o s osd (g)blime bliyl LI gL (SOl g 4 by ye
W5 01d (6 blie bLIJALT jpay I b (SlKe olgs 4 bgrye slacSy plo s AZF (o 0d o1d (6bolias

soboler g (38 oy > Oler U5 3 ip Sl il Jolbe (gaman (SGe Gl dunlie 5 o) pols 3e0 5l San
rriaS 5 A2S 4y slite Sy oyt e s ol (SOl ol s oo 53 sl o aseie gl I &S

oy oly o> 5y gl ol gamdw (Sl ly duliio ¢ Solo o Yogyliuwg:




B9 Siog dhme Y oylous e 5y93 VFo¥ o

o odmlie nSy plo b jholine ciglés oy o HIS aile el )b 5l (5 65k (o cpimon 3l 0 K2T & 5leto
ol 04 0130 (pSlee Cglay 1y i8Sl g Sy plo g H1T ) H2F S Sle (o g ol

OpeS (8ys dxiuo )3 gl Jate S (g 9 e (Jlile aio L e Jae Sy (regd 18 S5 &5 sk len
5 i g ohen 5 Bolo zuls b beasly syl cunl ooy ol sgs 4 Al ko alil o 1) (Sl oy :Ske
Sk sbrl b g (12) 39800 Coguons slraug) St e ol Gl 1 (S b e Jaie 3 Slssren (V1 0A) Ko
GBS ol o 8y ol <8 o STl g (V) sl sl 4 8o (glp S alblae Sl B gy o jo 5 05 aS8
d95 4 1) e oyt Sl wd oo &) Jlrle dbio )3 (i Ll sbxl b AZS iy 5 0dg: gl Coow &

Lol 03l olaid]

)5 355 (6 yholixe bloy) LSelSe g clocSy plo 5151 5 H2S 5 HIS (slacSy Sile o Sl dsxios 5 oy
5 e (JUg 3 Slomio )3 oy Sy 5 e ) Ol S (ke (o 5 A8k sed 3Lo H3S L blsl 53 sl (ol L
5 OhlSen 5 pug Sl b gl (ol )15 3529 (yblas b3l (p8ys axbio 3 b @ i 5 (005 5 JWg)b Clxio
s Jlb s by 5 42l Bl il 13 Sokidl 5 a5 S L H2S g HIS aSlogljl o ls lssn (Y1 &) o) lSam 5 plo
oS Cul oyl odimd L g amd e Fy Bl ig 5 &Sl H3S Ll cillasye Sliow pluil ola pSibe yiio b Kgd 0 ol
ALl Sl b g e Jo o> 4 L L (Sle 4 g 0ad bl il I el 3 o)l Sl 3 Ses 5 035 S0
O JWgy dio ) ol 3 hleiee Jos Sy plo I S s g0l 4y WS o Casl 1) JI ol S pls
350 3 Lol et 0105 (6 lolime glds )]y iy dxio g b o oily sy LH2F g HIF 5 SO g S 65ke
i b el cpl il L (g)blixe BMBI oa b lagly plo ) (o208 dmbo Sy j (S g 915 24 HIF
A5 Jole it 8 oy e (2513 5 28] i b > o 3 33 g () oS ol L3
2 b ol 9 Seltl Jon o il e BlisT ojlh ol ol 48y cules Jobo o o Soliy b

U5 e o 31y 5505 3950 Sl |y 45 5 g & Sy conm ool 535l oy 5 J55 0 8
HIT o oy axino )0 o) j0 b salgd gl L) Jols opyieS cplplo 0ed Sidgw 516 3l b b (YY) 45 o0
(V) ohlSan g 5,0ls a8 (S i3 2 (IS )sbods .l 0025 003 (5)loline gl | o 5 95 slasy ol o H3T H2T
d>gi Ll Loya} Dy Sligsed g o3 b pe Jluslo dxio )3 oy SIS b yide 15 o oS dasuiio id l (S5 o
5 St pll Slpdy 4 g 0dd ) )y gl G w38l o BT Luitwlie pod da j0 &S S (o) i oS clil
oyl Slaan (1+) phlSen g olo tile 488 ldllan b ol ool (1) 1S o S 45

L1y obline colds cily > (SlKe ol (KAS 5 K3S K2S) Sos Sy aw KIS K joas cJlinlo amino (o 5l 5
e K28 Lol 58] o 3! S5 Lt 5 dmy aS Yoo KIS 50l it 55 ilioes plis] (Sl g5 sl ol
adly eeles 1) KAS o Sisge slol )3 9 00> 5 K3S (5 Jod Jlis a0 &8 canl (39 (3 1w pluil (o 0l
ritlinn S 3 035 L5 505 S0 3] el (o225 b o 425 e 45 (3) 5 e b5 b 3 (o) ol
D 54 35150 K28 S o5 S 9 Lo 15 gl s >l g S o ol Ko
Sl Ll SolSo ol (eSS coily (oS JUigyd docios 15 Ables o3le] Bl sy el | pl] g o oguuee

oy oy o> 5 Sl Jolie gamdw (SOl lgF dunlie (F3Lo g Yo ylbuwgy

YA




Y olowd Y+ 0,93 NFY Lo 599 Swo g dlxo

el el s 55, ol 3 o e 5 am3se b5 piST8l g STl 33 gy doxies 3 glj 4o it Jolin
13 Syl b (3L Joline blo)| g SLgsan ¢ oo doxio 13 g3 13 o(V) ) 1l oo oot b lllao ol b gl
Sl yousls ol slacdld cle 4 ol W5 o d23 o (59 Solyiwl b 5l dmy (o5 a5 KIT cids )3 04 o0
oy dls e 3 K2T cpiomen il Lo 1y oles o sl (63,95 30 (S5m0 o (slacusdae 1> Llgn ¢ilj a5 ol cle oy
i Glea JS ot o (g JUBl (Slpdin 9 55200 I 4 915 e L L 2)3 0 5l e oS B30 £ 55 JolS
Gl e Jgb 5o oy B Lis e g g 0okl 5T cuS S sy B0 g5 13 K3T Lol 4(1)) a8 o S5 2,15

S oo Lo b b 93 5 (SSe (g and e &) Jilie giae Coos oy S0 S o plSn

o> (i iy sb (Sl ol oSy plo LTy obline oyt &5 JW590 5 JWo)8 (Sl lxio )3 b e 5
op i cplpls g conl ol ol Gid5 S g 4wl cuS ) (oS Sl Lid (IS bty Juade ol 45 iy ledl b ol
L 5 039 gued (VA ) aioj ool 0 (L8 Sldllas b gl ol dad o i Jolie pl JyiS o Slpd cas 1y Jolas
Sy aAblie K lgieds 28l o 5l BT gy 1 9395 g0 b gre opiSIE Hliily Jolis a5 A2S o8 jgboay &S clily an g

(V3) 2900 3,8 (58 sl> 4 Ca plal
2R (85 does

S il gl e g 915 oy Jolie (SUe lg slacSy g &5 €85 am g LS pols ek il 4 g L
355 4 1y (SlSe ol (lise (2558 g (i il 4 93l 9 b e S (regd Sy ol (o ) g ALED D2 g glds
JJDU WP ) a5 J..w;l; asly )ho.xo -\Jl) u.sLo).) L5L°°5)§ 9 Muly 4&»)&09& uLa.;.a?r.m u.sl).:l.u f.\;.muc uoLw‘
gl e 4 Sl ) Cuenl (i b e Jate (8 ol cllad > Sl plil lgi g SMae Cogl 55 g (58, o,

bloe JpUS g oaind Ol pile gl) GAE § 25 5118 425 3590 1L
‘3,5)43 9 ’SAM}:‘“

(VoX¥/Nree 25 L) 398 addllan puled o )i g padl W8Loy ()b Lo & imghy cpl bl )3 a8 (o013l plod 51 aluwg s
ool a3 )5 5 S s pole Sliing S ye 3 ateS A0l 390

‘;Wlé-, OlbaYe
oRgi G Jeo! 51 (595w

D8 (VXN eee 0S) (oj)lgs olSiilsy (S > pole Clising 3 jo ST oS Sl 390 ¢3S ) SS9 Jolye (oolos
Iy lbads yd &8 b ST asbcyls, pyb g a8)S )8 d}o}] .\»T)s Al by o GBas s ol usmen )8
W05 Lol

oy oly o> 5y gl ol gamdw (Sl ly duliio ¢ Solo o Yogyliuwg:




39 Sagw dloxe Y oylous e 5y93 VFo¥ o

b ol

sl 03,55 8l > (olilyed g pogad (g splejle j I SeS GSan Siagh o)
OB s g &5y Llko

landly e85 lie pole Gimgh slagise den (B0 g 12l (b ) Bty ples
02,

D)0 mdlie o)l dlde oyl B s Hllsl ply

Reference

1. Sadeghi H, Allard P, Duhaime M. Functional gait asymmetry in able-bodied subjects. Human movement science.
1997;16(2-3):243-58. [DOI:10.1016/S0167-9457(96)00054-1]

2. Valtonen AM, Pdyhénen T, Manninen M, Heinonen A, Sipild S. Knee extensor and flexor muscle power explains
stair ascension time in patients with unilateral late-stage knee osteoarthritis: a cross-sectional study. Archives of
physical medicine and rehabilitation. 2015;96(2):253-9. [DOI:10.1016/j.apmr.2014.09.011] [PMID]

3. Sadeghi H, Prince F, Zabjek KF, Allard P. Sagittal-hip-muscle power during walking in old and young able-bodied
men. Journal of Aging and Physical Activity. 2001;9(2):172-83. [DOI:10.1123/japa.9.2.172]

4. Molla RY. The Effect of Dominant and Non-dominant Upper Limb Splinting on 3-D Mechanical Muscle Power of
Ankle Joint During Walking. Middle East Journal of Rehabilitation and Health Studies. 2024 (In Press).

5. Winter DA. Biomechanics and motor control of human movement: John Wiley & Sons; 2009.
[DOI:10.1002/9780470549148]

6. Sadeghi H, Sadeghi S, Allard P, Labelle H, Duhaime M. Lower limb muscle power relationships in bilateral able-
bodied gait. American journal of physical medicine & rehabilitation. 2001;80(11):821-30.
[DOI:10.1097/00002060-200111000-00006] [PMID]

7. Yousefian Molla R, Sadeghi H. Effect of Changes of Upper Extremity Pattern Movements on Biomechanical
Variables of Gait: A Systematic Review. The Scientific Journal of Rehabilitation Medicine. 2020;9(2):298-310.

8. Teixeira-Salmela LF, Nadeau S, Milot M-H, Gravel D, Requido LF. Effects of cadence on energy generation and
absorption at lower extremity joints during gait. Clinical biomechanics. 2008;23(6):769-78.
[DOI:10.1016/j.clinbiomech.2008.02.007] [PMID]

9. Winter D. A review of kinematic parameters in human walking. Gait analysis: theory and application. 1995.

10. Sadeghi H, Allard P, Duhaime M. Contributions of lower-limb muscle power in gait of people without impairments.
Physical Therapy. 2000;80(12):1188-96. [DOI:10.1093/ptj/80.12.1188] [PMID]

11. Sadeghi H, Allard P, Prince F, Labelle H. Symmetry and limb dominance in able-bodied gait: a review. Gait &
posture. 2000;12(1):34-45. [DOI:10.1016/S0966-6362(00)00070-9] [PMID]

oy oy o> 5 Sl Jolie gamdw (SOl lgF dunlie (F3Lo g Yo ylbuwgy



https://doi.org/10.1016/S0167-9457(96)00054-1
https://doi.org/10.1016/j.apmr.2014.09.011
https://www.ncbi.nlm.nih.gov/pubmed/25283351
https://doi.org/10.1123/japa.9.2.172
https://doi.org/10.1002/9780470549148
https://doi.org/10.1097/00002060-200111000-00006
https://www.ncbi.nlm.nih.gov/pubmed/11805454
https://doi.org/10.1016/j.clinbiomech.2008.02.007
https://www.ncbi.nlm.nih.gov/pubmed/18384921
https://doi.org/10.1093/ptj/80.12.1188
https://www.ncbi.nlm.nih.gov/pubmed/11087305
https://doi.org/10.1016/S0966-6362(00)00070-9
https://www.ncbi.nlm.nih.gov/pubmed/10996295

Y oyl <Y+ 2,93 I FY Ly 5939 SWo ga

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hannah R, Morrison J, Chapman A. Kinematic symmetry of the lower limbs. Archives of physical medicine and
rehabilitation. 1984;65(4):155-8.

Yousefian Molla R, Sadeghi H, Kiani A. Symmetry or Asymmetry of Lower Limb 3D-Mechanical Muscle Power
in Female Athletes' Gait. Journal of Advanced Sport Technology. 2023;7(2):12-22.

Bogey RA, Barnes LA. Estimates of individual muscle power production in normal adult walking. Journal of
neuroengineering and rehabilitation. 2017;14(1):1-10. [DOI:10.1186/s12984-017-0306-2] [PMID]

Fukuda Y, Masani K, Yamaguchi T. Comparison of lower limb joint moment and power during turning gait between
young and old adults using hierarchical Bayesian inference. Journal of Biomechanics. 2020;103:109702.
[DOI:10.1016/j.jbiomech.2020.109702] [PMID]

Kostka J, Niwald M, Guligowska A, Kostka T, Miller E. Muscle power, contraction velocity and functional
performance after stroke. Brain and behavior. 2019;9(4):e01243. [DOI:10.1002/brb3.1243] [PMID]

Robertson DGE, Caldwell GE, Hamill J, Kamen G, Whittlesey S. Research methods in biomechanics: Human
kinetics; 2013. [DOI:10.5040/9781492595809]

Zelik KE, Honert EC. Ankle and foot power in gait analysis: Implications for science, technology and clinical
assessment. Journal of Biomechanics. 2018;75:1-12. [DOI:10.1016/j.jbiomech.2018.04.017] [PMID]

Sadeghi H, Allard P, Lachance R, Aissaoui R, Sadeghi S, Perrault R, et al. Relationship between ankle frontal
muscle powers and three-D gait patterns. American journal of physical medicine & rehabilitation.
2002;81(6):429-36. [DOI:10.1097/00002060-200206000-00007] [PMID]

Sadeghi H, Allard P, Duhaime M. Muscle power compensatory mechanisms in below-knee amputee gait. American
journal of physical medicine & rehabilitation. 2001;80(1):25-32. [DOI:10.1097/00002060-200101000-00007]
[PMID]

Saez de Asteasu ML, Martinez-Velilla N, Zambom-Ferraresi F, Ramirez-Vélez R, Garcia-Hermoso A, Cadore EL,
et al. Changes in muscle power after usual care or early structured exercise intervention in acutely hospitalized
older adults. Journal of cachexia, sarcopenia and muscle. 2020;11(4):997-1006. [DOI:10.1002/jcsm.12564]
[PMID]

Plotnik M, Wagner JM, Adusumilli G, Gottlieb A, Naismith RT. Gait asymmetry, and bilateral coordination of gait
during a six-minute walk test in persons with multiple sclerosis. Scientific reports. 2020;10(1):1-11.

[DOI:10.1038/s41598-020-68263-0] [PMID]

Saunders DR. Components of biological motion perception: Queen's University; 2011.

oy oly o> 5y gl ol gamdw (Sl ly duliio ¢ Solo o Yogyliuwg:

dxo


https://doi.org/10.1186/s12984-017-0306-2
https://www.ncbi.nlm.nih.gov/pubmed/28893285
https://doi.org/10.1016/j.jbiomech.2020.109702
https://www.ncbi.nlm.nih.gov/pubmed/32145903
https://doi.org/10.1002/brb3.1243
https://www.ncbi.nlm.nih.gov/pubmed/30821102
https://doi.org/10.5040/9781492595809
https://doi.org/10.1016/j.jbiomech.2018.04.017
https://www.ncbi.nlm.nih.gov/pubmed/29724536
https://doi.org/10.1097/00002060-200206000-00007
https://www.ncbi.nlm.nih.gov/pubmed/12023600
https://doi.org/10.1097/00002060-200101000-00007
https://www.ncbi.nlm.nih.gov/pubmed/11138951
https://doi.org/10.1002/jcsm.12564
https://www.ncbi.nlm.nih.gov/pubmed/32155323
https://doi.org/10.1038/s41598-020-68263-0
https://www.ncbi.nlm.nih.gov/pubmed/32709914

