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ABSTRACT

The aim of this study was to investigate the effect of increasing running

Article Info: speed on motor chain and kinetic ratio of lower limb joints.

The statistical population of this study consisted of healthy people and
Received: 5 Feb 2022 ordinary runners. A group of 28 healthy male subjects, including runners who ran
Accepted: 29 Aug 2022 more than 20 km per week, were selected via convenience sampling method as
Available Online: 22 Sep 2022 research sample. They were also fully acquainted with running on a treadmill.

Three-dimensional kinetics parameters of the lower limb joints, hip, knee, and
ankle, torque and the kinetic ratio of the minimum, maximum and mean values of
these joints at three different speeds 2/5,3/5 and 4/5 was measured by two
important instruments, the camera and the force plate. Shapiro-wilks test was
used to check the normality of data distribution and data analysis was performed
using analysis of variance with repeated measurements or repeated measure
through SPSS software, version 22.

m Based on the results obtained in this study, the torque ratio of hip to knee
and thigh to ankle joints was not significant in any of the anatomical plates and

Keywords: axes at three speeds (p=0.05). Also, the ratio of torque of knee joints to ankle in
three speeds and three planes did not show a significant difference ( p=0.05).

Running, Kinetics, Closed According to the results obtained in this study, it seems that with the

kinetic chain, Lower limb knowledge of the moment changes of the lower limb joints, practical solutions can

be provided to reduce the amount of damage when running, especially on a
treadmill, to these 3 joints.
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1. Introduction

From a biomechanical point of view, the lower limb is a functional unit whose purpose is to maintain
body weight and create leverage to move forward while running (1). It can also be said that the lower
limb is the only part of the body that comes into contact with external surfaces while moving and plays a
very important role in maintaining balance while running (2). Running is one of the most common leisure
activities among people in society, so that only in a country like the United States, approximately 30
million people run for the purpose of competition and training (3). During physical activities, especially
running, in the support phase, the lower limb is always affected by loads and forces from the ground, and
in this phase of running, due to the placement of the lower limb in a closed chain and joint connections,
the movement of one limb affects the movement of the adjacent limb (4). In fact, when the adjacent
organs are active in a closed chain, they have a coupled movement, coupling, and some kind of special
coordination (5). It can be said that running is an activity in a closed chain and the most basic debatable
movement and movement pattern that is required in most sports (6). The running speed of people is
determined based on the length and frequency of steps (7). Among the kinetic variables, the torque of the
joints of the lower limbs can also be mentioned, and it can be said that the greater the strength of the
muscles, the more internal torque they can exert on the joint and thereby absorb the forces exerted on the
body and during activities such as running there must be balance between the force on the joint and the
muscle strength so that the joint can maintain its stability. So, the greater the external force on the body,
the more muscle effort must be done to prevent the joint from rotating due to the external torque. For this
reason the analysis of joint torque is very important in the study of body movements (8).

2. Methods

The statistical population of this study consisted of healthy people and regular runners. A group of 28
healthy male subjects, who were among the runners who ran more than 20 kilometers per week, were
selected as the research sample using the convenience sampling method. They were also familiar with
running on a treadmill. Three-dimensional kinetic parameters of the lower limb joints for the hip, knee,
and ankle joints [torque] and the kinetic ratio of the minimum, maximum and average values of these
joints at three different speeds: 2/5,3/5 and 4/5 were measured by two important tools: camera and force
plate. Shapiro-wilks test was used to check the normality of data distribution, and data analysis was done
using the analysis of variance test with repeated measurements through SPSS software, version 22.

3. Results

Descriptive statistics were used to introduce the mean and standard deviation to evaluate the normality of
data distribution. In order to analyze the data inferentially and to investigate the effect of increasing the
running speed on the chain and the kinetic ratio of the lower limb joints, the repeated measure test
(variance analysis with repeated measurements) and the Bonferroni post hoc test were also used to
investigate the difference between the groups. In table 1, 2/5 speed was marked with *, 3/5 speed with #
and 4/5 speed with Q. It should also be noted that the significance level was considered to be p<=0.05 in
all cases and the results in table 1 showed that the amount of torque in the ratio of the joints of the lower
limbs, which includes the ratio of the joint thigh to knee, thigh to ankle and knee to ankle in all three
planes and three anatomical axes (X, Y, Z) including frontal, transverse and sagittal planes in all three
speeds 5.2, 5.3 and 5.4/m/s did not show a significant (+) difference in the stance phase.
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Table 1. Mean, standard deviation and significance of the result of analysis of variance with repeated measurements

for torque
Joint ratio speed (m.s) mean Standard Significance level (+)
deviation
Thigh Knee (X) 25% 1.8473 5.05895 #,5  1.000
35# 2.6959 3.5079 #, Q 1.000
45Q 1.6152 2.97887 *Q 1.000
Knee (Y) 25* -0.8002 2.3007 #,* 1.000
35# -0.3148 2.26503 #, Q 1.000
45Q -0.1689 9.16801 * Q 1.000
Knee (Z) 25* -14.3199 70.37844 #,* 0.890
35# 3.275 38.49683 #Q 1.000
45Q 1.6193 9.81026 * Q 0.864
Thigh 25* -6.8946 36.62492 #,* 0.963
Ankle (X) 35# 8.9738 65.73613 #Q 1.000
45Q -3.8524 12.7327 *Q 1.000
25* 0.049 11.62428 #,* 1.000
ankle (Y) 35# -1.8257 9.0516 #Q 0.651
45Q 1.7544 9.53747 * Q 1.000
25* 3.0533 13.36035 #,* 1.000
Ankle (2) 35# -3.4079 93.15141 #, Q 1.000
45Q -3.7861 10.07157 * Q 0.166
Knee 25* -5.4804 24.72611 #,* 0.781
Ankle (X) 35# 8.7292 54.34738 #,Q 1.000
45Q -0.9206 7.02209 * Q 1.000
25%* -0.7199 5.49765 #,* 0.481
Ankle (Y) 35# 1.417 2.52169 #, Q 1.000
45Q 0.8825 4.90614 * Q 0.947
25* 1.3209 2.45313 #,* 1.000
Ankle (Z) 35# -3.9942 4449977  #,Q 1.000
45Q -3.7811 10.05388 *Q 0.074
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4. Conclusion

According to the obtained results, it can be said that it is possible that the amount of torque of the lower
limb joints will be affected by increasing the running speed, which should be taken into consideration in
the design of training programs, especially for runners. Also, in this study, it seems that practical
solutions can be provided to reduce the amount of damage caused to these 3 joints while running,
especially on the treadmill, with the knowledge of the moment changes of the joints of the lower limbs.

Ethical Considerations

Compliance with ethical guidelines

All ethical principles were considered in this article. The participants were informed about the purpose of
the research and its implementation stages; they were also assured about the confidentiality of their
information; Moreover, they were allowed to leave the study when-ever they wish, and if desired, the
results of the research would be available to them.

Funding

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

Authors' contributions
All authors equally contributed to preparing article.

Conflicts of interest

The authors declared no conflict of interest.

157 Soltani N et al.. The Effect of Increasing Running Speed on Kinetic Ratio of Lower Limbs. J Sport Biomech .2022; 8(2):154-167.




‘5&!})‘9‘.&3&” ‘l:. YO)WcAD)sac‘f"dwU

gy dlio

St 3 0,120 39 G0 AN Jolho S S 1 5199 S g 4191 5
"2l e " T Gldugy apsl, (0 Glabus (050

ORI G (535 30 OI A5 31y (oWl 3151 DL ¢ ond 559 ooke 9 (5 0ISUEIS (i 59 Sllogat 09,5 )
Ol @S S g oMol 3131 08I (o599 @ole 5 (S ST 0SS ¢ oud )9 gk 9 (S P 09,5 Y

DS

e Wb

S @Il Juolhe (S Comndd 9 (555> 05005 1 9> S a3l U Giags ol S Voo cpage V8 1l o,

9 VY sgd Y iy &)U

3 0y YA 29,5 Sy bl g0 Sl Jgare baigd g wllw 3,81 1, Lidgs () (5 bl dnols V) e V) 5Lt )
Iy yioghS Yo 5l Liw Cdlume aia 40 Idgas a5 widgy SBwigd dlos 51 &5 WJlw 350 (ola S2g0;
59 0M93 b b Ll wiad QL (g5 (sladiged Wiie g (o i j3 (55 diged (pig; b Widigd 0
b @ 9 915 0ol o anw (gl (SUoS pIil Juolio gusmsiun (S yiol )y idls o5 (o2 Udl Jyos 5
9 V10 X0 ilida Cus s dws 53 ool (il (pilie 9 oot 3o cponino 13lio (SuiisS Connd g (59LuuiS)
3 Ledld pajei (139 Jboy (owyp (Sl b (5580511 g g Ao g wy9d ke Il 93 bawgd /O
SRS 03131 b (il jly JAo (y905 51 oalisiun] s Laodls Juloxigas 525 g b o3l S99, (y90 ]
CB)F Oype VY 5359 LSPSS l38le 5 53 )1SS

e g Cloddo Sl elSEd 3 4 o 4 ol 9 915 4 oy Jolie LS Comd (i ae:
ojly wlS

Cas g daw )3 55 L o 4 il Juolie 19lulS Comand (30 (oo 3985 413 e Cus s s 33 (Srogi Ul

9315 Lt 1y (6l sime EVES ] Ao s g 5 825 «SES (g

4 Comad ol b (15550 45wy 00 15 41 pobisl adllbao ol )3 ool Cawd 4y gulid 4 4295 ‘-2 o el i
ONgd pR 13 83,y cuwl (4w B (gl (689,15 sadsol, ( Slisd @Il Jeolie Glow Ol pis
D& hado ¥ epl 4 Jed 5 (g9, (ot

1

1

1

. 1

Nty 3R €835 30 (33T STy oMl 3151 olRES1S ¢ o 59 @9kE § (TNt 35 BUSWIIS ¢ o 59 SuiKognt 8955 1w pdT |
1

HAA (AIY) 05 YOAY 185 !

ali.fatahi@iauctb.ac.ir :Jaos! |

1

Ky (5 03055 33 LS ] Juolho SoutinS’ Cmnsd 33 (90 S paw 381 i (], 1Ko g Sllakew



0000-0003-0128-8475
0000-0002-1527-7737
0000-0002-8863-4061

Y oyl oA 090 N Fe Y il 999 SwWo g dlxo

.

LV R

sl ool Sl g o 0hg 5l IS ol Gua &S cul (3 Slee sy S plgisdy Slog Pl ((SlSagn oS0
Jo 2 o8 ol o (5o e (Slos plil CiS Glgice cpizmen () Mdlioe (g pla )3 gla 4 g, (25 €S >
S et (V) i il gogo Yl GEE (90 plin 4y Jols Lais (gl g 08 ool oled (2 )8 gl L S >
Y. L;)o.: odoxos Y| Wile (6508 3 LS &S (gysbds unl dmoly 2,8l fle o 2l S slacdld oyl
S Pl IST a0 53 (g 092 (G slacdlld Jsbo 13 (V) S5l pcoe (9> & (pyed g Albline polatods )35 ek
0520 3 P Pl B8 51,5 S & >l dlse cpl )3 50,8 o 8 es By Sl gy g 5k b o 0)lgen
15l plSin polxa (slapliil gdly 3 () IS o b oo Pl S oy AT Sy S o o YLl g b
9 A 82395 ) (Wb 9> S g5 o0 (0) 11 (Slofg (Kinled (o9 4 g SishoS oud L S > il 055
oolol 2 A1 (9> s g (F) MBloe S5 )90 Washipg ST 50 & Canl (S oSl g con B S o il
53,5 o)lil i Sl plul Jolae yoliiS & plgice 35 (SetiS sboyite dlox (V) 39800 (e ol Sls5 5 Jsbo
Gk ool Jl g S 0y ke (gl (99)0 HglulS Wlgi oo AL e CMae ©)35 (e d2pp CES Gl
Has 08 5 Jiade p 3y S9p8 o Bk Ggd Wil Jlesl plonl (o 3 g WS Qe ) 0 p0dd )l (slag
Has B sl jtde od g odd 3)ly ()8 Gop arn (plply G S i 1) 098 O3 Wloy Jiade b adly Jols
Jao ygluiS Josiy wjon cle (ped 4 S (6ol ()8 HglitS W 4 ke (182 1B 28 el Wb (it
13 i ALl Juolio 3 005 Sl (sl ygliS o plool (sl singss (5ab -(A) Conl Canntly jloms 3y SIS > dalllas >
0 ol (ol ygliiS a5 o 031y LS g ol 4B )S J1E oy 3y90 (Seegill Hyote dw g doxho dw yb 13 Ghed S
15 015 plsl ldllas 3o (3) AEB oy gVl o |y Sl oy Jhsls o > Slos plul Jolis
2l s B coles o) Jaio 5 b e ke & Cons 515 pll Jolie (2 53 5 loa 3,Skee (JS slasimgly
ONgd Gy inli8l b as smd o i 0 (SeiS sleodly gy dalllae cpimen (V4) b L g0 Ce g STas
g (1)) )1 sy b ke  Stamed 5 diad ey lal38] 131 cow Sliss plil Jolie jgkusS wile gla e ls
o2l Lt (9> S S )3 (VV) bl SIS,8T 55 (g g ) ol plSim 5 laplil )l (e 2 S50 S
9 A i baygliS g (piS pw)9d <S> L (2B g (el i GlajgliS ej b b )55 ple o a5
S5 g 5 055 oy b Bspe liypes p8b gy 4 imgly 0 (IF) Attlioe GRS 3 SIS S8 0 2B
9 0jg JooS Jwedyi 59y Cliyed cpl lul &5 by Slos plul Jolie jglitS g b oMas ©)05 (59 p ooy
CMae  SaiSgnl )8 Jb bxe ]38l Ol yed cpl &5 ol Gl Liegh cpl zols wul 0dgy diun (5 > b9
b @e g $li— o) cfate dw m ) g)guisnsT (sbayglisS (1Sle (olmgly ) A5 SLod plul Jolie 5liiS o L
M il 50 8 Jobo g oo po Gl L Juado d (6l )gliiS (SSlis oS b 03l (LS 9 C8)5 )13 (o) 3y90 (puilil
odd plosl 55 S dlex I SS Ly S 5285 3 hgd g b Anej > (g393x0 lallls (1Y) A5 e
S S (pizmed g Al (S 5y 9y 2 1y AL (g S g Gl bl o (lagk il 0 Sl

e oy |y S pll Jolae

Ky (5 03055 33 LS ] Juolho SoutinS’ Cmnsd 33 (90 S paw 381 i (], 1Ko g Sllakew




‘5&&)‘9“&3&‘” “:. YO)WcAb)QJAf"dwU

u’“’l‘*" u39)

2 idgy odd Bl o ytud )3 (&S aige Ghgy b 4 pllo 3y0 (090l ji5 YA Sl 05y (008 dasd g9 |yl (s
3 ABC )08 o8y S o [y 5 SoilSoge oliinlojl 3 Limgss cpl bdges <80 Sdg0jl lyicds pols ubios
SASY £ VISV 1 5% 8395 Ladls o Jlo YEIVO £ SI5Y o) Joli n 5dg0)] Sidl,S 500 (slo Sig b pbil o5y yguiS
slacsybrial Jlai 5l ol3l eles imghs JSSen sll 5l i () Jgia) 392 (e gl WBAZ £ ZIVE 18 (o SolS
iz MBS B g 3050 Y (So3d slooli) 5 0y 38 by LS plul glacusl 5 e Mae S
GOS0 L dlie gl g il Limeh ol 0S8 car |y S Al cold, laigejl ples
5 Bygd o 1y ieolS Vo il i atam > aS 2 SBWed Jold 3y jlze .100,8 Cud g A5G (AYFYYVY, e ¢+ 002F)
S5y a9 b g 5t ARE O )3 yieghS Sy (gytoshS Ve Cdlo b Slils Jsb o lag] (g basgie Co o Jila>
Lol B3litol U 8 > 3 s pmre 5 LilSsl IMS] 505 2 2l ol oy (sloylona izl Lol plis] Juad

D92 (S8 iy |
3331 g3 Gy Lial38l 18l gy cpl g3 48 gy aliste s s dw b b gdgejl ugd addllae oyl 53 ond oyl 3590
390 Slayio 3ylp Cap CES B )y 2)90 Slow Pl Jolhe (SiS s g 0y; p il Gy A
3 e oseil sl Glo g o) ol 9y 2 38 Sl Jag b (Seagill 5 (S5 S5l YA adlllas () )5 g
I3l ed 3l imass cpl 33 5090 Juodyi g9y p sl o jie (/0 oV/0 ¢ Y/B) calisto Ce yuo ¥ b BAGS S i g 285
JloSgio 9 F (uSSS Hll py b Collle ¥ gty 4 ()9 WY b odlitl sl gy doxdio g (9> Jol &S o
D525 038 JSSgp plonl 1S agmyes plos () JS8) wils S8 oeej Sl e VA gl 5 Tjg) Wl oS
a8 erodely) oS Jold (iagh cnl 23 b @e g ol oly Jate dw i Lo plil Jolie (g aw (S el
MR (s 290 lisee Cspr ds > Juolie (pl (ke 5 wouiSle cuonien p3lie (SetiaS Connd &5 30 (3550 I aAlols
sgPee duw g Ao dw o Lo o) 5 b e 4 9l pl) 4 Ol Jolbe e Cjgoa Sl plul Jolie Cons i8S
ol 3)90 55 gy cwl 3 SLow plil Jolhe (SutiS s (:Sile e Bl (6 S 0jll H5 5550 slace
dw 53 0dd (S oIl laosls B yS 15 (Gl 3)90 il S8 )3 Jade Y cpl Bu cpl )3 (pizmen (28515
2 858 Ao DY e g Jlg)s dxdio 13 X e ¢ Jltals doxio 37 jge gl (nl )3 45 jgore dw g i
o oyt i 4l o cale) o gogesl (g e Mo S 8 o 3y9 Wdgy 00 4B S L
A 390 sl cule) 5 bamygd bwgs S lo (4l o Sy i 1 1 (e Jedll S (59508 sl 3500
0BU bsg )led byl rzmen g o 53 (ej Jedll nSe oy )] gel B ) 4 2 e idgel (sl
OB S i lhwy JolS doyd o jobay asl p yie ¥/ 5 Y/0 /D Caspw dw jd g Al o 135 Wb 4 S

sl (S g0 > bl Olis il g (ielS g e bl JolS Jlasl a bl g3 Cas o s plol

Glodl 5 5Sike (e slp hnog ol izmen A5 slitl Sogmgynll el I medls g Jlog sy e
b by Julow (oylel g, 5l enlil b laosly Julowigay o0 s ookl mosls x5¢5 09 (b (obj)l (sl o Ikl

€85 51,5 ool )90 Sgliste sy b (9> (> 53 3081 (SiiS gla eyl (6 pSojlal Caa ()T Slas S0l

Ky (5 03055 33 LS ] Juolho SoutinS’ Cmnsd 33 (90 S paw 381 i (], 1Ko g Sllakew




Y oyl oA 090 N Fe Y il 999 SwWo g dlxo

)l).‘B‘P)J l.) Lg)Lci J.J?u J>])A (e A oo laswl ‘_,’.’9).0.:9.: Post Hoc wo.u 09")] )l 5 Lbba)f O s =% Lgl)J 9
5 pbl P <[40 g foline gdaws § YV 55,5 SPSS

@b‘d

Cap b ool 55 aedh @iy e by byl sl el Bl g :Sle Byl oy Ll ]
3 S5 Il Jeolie (SUEES a5 055 1 (509 0 G b 0 sl odls (bl Ll losigas o
Ot BB (o)1 yolatons Jg)digy susis (9031 5 ()5S sl xSo)ll L i)l Jilos) Repeated measure ;0
Joia 0 zls i asuie Kol b ¥/0 ce w9 St L Y/0 s puo 0 )lias b YD Casyuo ¥ Jgd )0 b ol 35 log )5
Phaasdhsba v ) wle ) Jate cuw Jold o Sliod plul Jolie s )3 )5liiS Gliee & oy (lis ¥
S YO XD oy dus yo > 339 Jlinlo 5 oy (JUSg,8 Olxio Jols a5 (X,Y,2) (Seogilbl joomo dw g dxio dw o

W0l s 1y (+) (yholine VST yuslin] B )3 4l 0 ¥/0

oyl g Slos plul Jolie (St S 5 0,255 (535 22 agd o Gl b gy 35 il plos] ) e
ol &S iy Jeedy gy led cp D calidre sy dw pd Sliog plul Jolae (SiiS Cuns wyp 4 adlles oyl
O 5D (yhline BB L5 zun 45ty o Jai &y odal Cowd 4 ol ol dgr HgliiS Jols o SiiiS yelyb gl
29LlS Can i il odaliio ¥/ 5 Y/O F/Q Gy dus )d jooro dw g doxiuo dw 0 Slod plul Jolie jgluis

295 I3 sne s s 3 (Kol (sloygmo g Slomiio 1 piST 0 b o 4 oy 5 915 4 oy ool

VANVAVAVAVAVAVAY!
e —_S———d

e

503l o 01 uate cloSlo g g0 oz ) UK

Lo 539051 K3l 903 Slasiio g oy Sledbl . Joio

3kl Bl ol oSl oS lo POV Aged geeo
VISV Fasy AYI\D OFIAD vy (p55kS) oy
atd YE/VD oV/+- Y/ vy (JWs ) oy
#IVE wo/as VAV/Y - \EYIY- vy (sl ) 18

Qg (55 > 8y 3 o o1l Juolie S Commnd i (193 S s Lal331 15T e Kot g Slakeo




‘5\:)‘!})‘9‘.&3&‘% “:. YO)WcAb)sac‘f"dwU

1955 el £S5 elag Sl b iy el ysel B 6y sine e 9 3,5kl Gl ol ¢ Silie ¥ s

(+) bz gaw (Slons) 2lsbisl 31yl oo o Jate Cuni
(m/s)
Vews #gu 0/+0A%D VIAFYY # Y/
Q ceely ot WIGE Y5204 #Y0 Xl
Q coo ]\ g Y/AVAAY VIF)OY (ORI
\JERE Hox AAREAR —AeeY # Y/0
Q c N YIVED-Y — IFVEA #Y/ Mgl ol
Q oo l\ g ANVEAN AN (ORI
“IAR - How V- IPYATE SV F/T148 # VIO
Q IV YAIFAFAY YIYVO- #¥10 D
Q AP+ g UMY YF ViFYaY Q¥in
“JAFY Hon YE/FYEAY -FINA 5 % Y/0
Q NVA SONYSNY ARYYA #¥0 X)L e
Q o el) g VYVYYY- -Y/AOY ¥ Q ¥io
Ve Hon VVEYEYA “/-¥a- *Y/0
Q N0y /. ot - 0VF- —VAYOY #Y/e MLz o
Q N UBTVEY VIVOFE Q¢
AR Hox \YWIYP-Yo Y/ OvY # Y0
Q NRVAY A0V F) RARE #¥0 D\ z
Q VEF g VR ATNT “YIVAS Q ¥io
“IVA H#on YEVYEN ~OIFA-f % Y/0
Q e\ oH INTARAAT AINYAY # Y0 X)L e
Q o el\ g V/-YY-Q —[AY-$ Q¥
“IFAN Hon INAGAZ —IVYaq % Y/0 <
Q VA Y/OY1£4 VEYY- N MLz
Q AFV/+ g fa-51F “INAY O Q ¥io
Ve Hon Y/FOY Y VTY -4 % Y/0
Q c st FE/FAQVY ~Y/A9FY # Y0 (CARHEN
\JER #gu Vo[- OYAA “YIYAWY Q fio

e W L ) (6l gme BB domiio dwr g Cop 4 3 35 L e @ gl Jolde jglidS e (e (e
Jbigsb doiao 3 g3 & () o y3lidS o 53 e (s (g3 ol 53 00l a4 gl 3 Ve S (o
Y0 copo 4 bgye (Z) Jllo doxio 3 9 ¥ID Cop & bgyo (Y) (080 dxio )3 ¥/0 Cspr 4 bnpo (X j9o0)
@ by (05 doxiuo )3 YD Co p 4 bgyo J59)8 doxio )3 b oo 4y ) )9S Capnd )3 )M (it A5 03l LS
Plge a gl Jabe jgliS Cons )3 ke iy wimed D9 VIB Copo & bgpe Jlialo doxio )3 5 F/0 s
P e V0 Cepw &y baye Jbunls dxio ;0 g VD oy & basge (udye doxto 13 M0 Casyus & bgypo Jlig)d dxino
dylge cpl 4 g so BuiS )y kel Cawd ) gl b Juolie HgliiS (clacuus ;> ool Cuwd 4 polie S b b,

\#Y

Ky (5 03055 33 LS ] Juolho SoutinS’ Cmnsd 33 (90 S paw 381 i (], 1Ko g Sllakew




Y oyl oA 090 N Fe Y il 999 SwWo g dlxo

Pl ol) hate jglls Cows ) Hlade oy eSS piored b sl 55 VO Coyw pd Jlislo dxas )3 9 V/0 sy
Coleg 50 5 3)5 odalie F/0 sy > Sl lo doxio (3 9 ¥/0 Cas yuo > (8 ys dorio )0 VD Cs o jd g 8 donio
Gy 3 (08)8 domiuo 3 VB o y> JW9)8 dxivo 3 391 b o ) 9ilj Juade yolllS Connd &y bguyo o5 jlde (328
S Sygo 4 cdS g e odel Cand 4 @ls b D cped 4 3] 5T VO o sl dxis (> ¢ V/0
3 HglS Coad (pyieS g (nFS2sS 9 /0 Caeyw 3 LS plal Jiade s )3 jglidS Cand (n iy 9 (2 PSR
hSen o M s i oaalie (6)I5 siwe M) s ) 1 pliS e 3 Ll ol &, Y/0 cas p 3 Slisws plisl Lo
oy Sy9e |y Sl plul SS9y 331 93 e g Gl W8l psls o b alie cllis j> (YY)

V0) Wl 8

Goblixe M g wizily |y Jlade oyt Jiosle dobs o Skod plul Lolie ;5 oid dbol glaygluis ol ol pls
o 53905] Gz Klg5 o Limgh cpl b Sloseenl e a5 wi sanlie axino (pl )3 Juolie ygliiS g e il 0
sloylicS a8 as ool L (Yo ) oh)lKen 9 (> (590l aiod guls 50 dany e Jha 4 Bl s 4D eaiS Sy
3 Jhialo domkas 15 Sigges 6 55 s I3 b g b o 5 3 gy Joolin y3liiS s o oo ol Joolis
YoV ) ohled g o5l dlas I S Kiimgh D)l gumed B )0 OS] cle 4 yols G b & 0008 Ty o158l
SyguiiaS] s (o859 el STy (9> (e )3 | By oo S 4 (ilaie andl 45 39y 555 5 Jolie b
il Juare &S Nduw) i opl @ lm‘-j oo ibd o plodl gilj Jate plocinl 5 il 5Ll (o0b (9 gl5
e g oy oy ale gy S o > pogasy ol 8 sl FS )5 gliS g gy ulnl el Gy Jae (2555
@ 5k 90l (ool ezl plSotiwl b o Juare dpj cuily Gued e 0 1) e o eST b e Juae joliiS ol L
plul Jolie (oan dw poliiS 59y p (ool > (WAY ) (hlen 5 (oMl 358 Sbrl Juade cnl g9y a8 (595
9 Jigy doxiio 9 )3 5ilj Jade ) pogada (L) Slod plil gl (5 o5 Bdew) o pl & 09> G (LS
4 g 0 d Voo ) ohlSen o Jo)ls )by Slgsten 10 ol s b aS el atdls (gl gme M sl
2zl Sl pll Juolie jgliaS g b @ Mas €05 (5, 2 o2 S9y 90 9 09 oly b basiye lioyes b g
DB o Sljed pl 80l (U b g Al (5 82 g 0y JeS Jeedy ) Cliyed ol bl &S
yolb Limgh b as ol s 1y gyl sxe M) ab Slog plail Juolae joliiS o b cMie  SiiuSapl <)a8 by dxe
P Ll s ol o) bolie gin dw lajgliaS (1Sle (gl )3 (V11 ) S 5 Sl (95 Sl )6 (o guen
G 55 P15 Jsb 5 it il b Juaio s (sloyglidS il o s s s o )5 bl 3,50 (piliel 6
& G o5 ] Juolia oy 3 il los 3,Shos 45 25005 )15 w2 3590 1y 1365 090 St o il 31 55T (Y- A)
ol 45 0l L 56 1y (o loline OS] § 5365 ugd Cs g ST 1y a3g BB Coles o)y Jaie o b g Juaio
5 2layST 2 Glsan ool o imess cnl g )l Simgg 10 pols slaiogeil i > o MBI U 4 5550
Wile olaadld (9> Caepe Gl L & Wl Gl (SanS sl ) (piegn bl Bk (Vo)1) GSen

Sl (5 > 01255 3 UG Il Juolho Sk S (39D o g 1391 5 o g Sllaks




‘5&&)‘9“&3&‘3& “:. YO)WcAb)QJAf"dwU

gwed 555 pl b a5 W Cepw b e (Sred g ditad oo il il cou Slow plil Jolie jokusS
b Sos plil Jolie joliiS 5 olos «yud cpo dlaly olie by cdmgh (VN ) ollen o O (Sl g sl
NS 3557 oS Gisgusy 4 ol 4 Lol ioly S8 o 3590 Sl dxiio )3 g (> Al (S > 80295
Mals 0 b oo b gl ddllas oS 3,15 dgng sl dxio (> gd JSew 3 gilj Jabe jgluiS o gyl me
St slojally 53y 2 e Gl 8T (sgy Shaalllas (V0N ) S 5 o Sl 2yl guan 5 Slien
ONgd sy il L L o g 9l Juolde jolidS yliee a8 ol L guls cioly plsl Juod i (65, (g > Slivs plu]
Sy Juody i pols aind b Slgsreal cpl e wmd o i 1y (gl bxe M) g 03,5 lan (iul38l 50 Jwed 5 (49,
by Juedy b 32855 (pl 0 &5 Jb 10 259 00 odldiwl 55 Jeed i s | ) Ken 5 e Sl Baios (gly a5
ey ol 58 )*’L’ oyl a8 cglis cpl b aosly plool pols imgh 4 s (slaadllas (V2 VA) o, Kan g 5S03,] opilo 39
Kdbioe b 4 dnd Loyl (g3 9 (5 ol JSw a5l &) 4395 b in)S ypr (538 ol JSiw 53 (S glo i
odnlin Juade 93 pl yoliiS 13 S o I3l L L g g 9il5 Juabe 93 13 1y gyl me BB Lo &S S olgs o
S B8] 2 b e g 9l Jolie H5lidS Cos dunlie lgie cod ) (imgh (VIY) e 5 g s pple 23905
Ce oy d YAS G ) Cam g line Sial381 b aS ol s zols ol j18  Sbjl 090 calidre Cus s 93 b 90 At
o ol b i5glay CaS lgh o aS 039y HI ime g Cuwl 03,8 Iy ]38l 55 ate 93 cpl 10 5glidS Cund lixe (VO/AN
By x5 ol 4 Lo idls 3 (g2 3590 Bl g e Sl o U5 (09 Jloys g 0 1y S pll oo
5 o slaisseil sl o Jbo g ey (I3 b (Sagll domiio dis 12 53 b o g g5 Juabo g yolttS jre oS
P el Job g e ()38l b Juato 93 cpl j3 joliitS 5o &ST Syew j 0 lis 1y (g pme M| 4 caily uul5al
3l s (ke e BB 1> Wlg5 o bo Baio b ey (pl (ogumedl b lis 1) (gl dme BB o 1481 Lo
5 ok ool I3l g5 ( Slig plil Juako go5 b Sdgejl o (pSle ;500 slaimgh g pols S o (o gumenl
ol o b alie 3590 O jpds 3L Goglite  Seegll (glaygome g Slxino b g Lmu.baﬁﬂ ONgd e o b yidg
b g o3l g e g B33l &S 0y L 58 pols Buind polS day e e 4 i L imgh cpl A and (6,500 D90
Gty Sladllas cle et @ bl (K00 Glidss b 3aios opl Jlgsenl 5 oguedl )0 Joloe oy inte Slg5 o
ol a5 (05 pll ol gl aloe 51 (St sl e (595 (g ey (I b 5SS 5 e > sl
Al olb slacudgize sdd plul sla iagh plhe Wile 35 iagh cpl .Cusl 5L jgome duw 5 doxio dw B )3 ob &
plail Jolie g Mae  SlaisS (sl psiio g bayiol)b 0l wyp 4 ol o0 30 g oyl slacudgise dles I .ol
5 oo ol 3 53 Cudgizme )8 o)l 5o yglidS Ao g 3G (nl ) (ow)z 290 Alge b plejen yob 4 ST
e Aidga )5 )3 wzilgi a3 e 93 () 505 glyie 1y g g g aon 1 ,Sed (K ol 399 (ol
5 Ol y0 Sladgeil (59 2 Shing3 nl Skl & 0 b winen g 485 B w2 9 byl 290 (19iS) Limgy
Sraiely ) (gpuin ClidoS o 3980 Mgy Cond o Slo0g)S Aot sl prani BB 9 ©8)5 8 (g 3)50 ol
9 0313 518 qwyp 3y90 I3 hgd S pw by gy 3 Salite gl &S 5 plaillu g 398" dlex I > g

Lo i b sl oo oo sl imgh opl 50 eaiSeS s clay 5dge)] dlawi wlg o adlllas ol )3 50 Cudgdme

17¥

Sl (5 > 01255 3 UG Il Juolho Sk S (39D o g 1391 5 o g Sllaks




Y oyl oA 090 N Fe Y il 999 SwWo g dlxo

B g e g s ol Cadgasme Llod 3T 5560 5,5 ealit] Cowl G ) Capuis Con &S Bl o Sdgejl >
2 Sinrgow S8 52 35 1y (g ol Olgiee Cusl 0l plodl il 5B 53 haggy cpl Al dag b oS o)Ll (g

I3 L8 ()52 3590

as oy L 50 (HolsS) Bains cpl pd edlatwl dyge (SuiS pxio w1y 3l g Ce il ).Jb addlas oyl ls
B9 Sy 59y & (el 300 slaidgeil o > Glod plul Jolie HgliS Cund > (g)bline BB ST
£o5) Wl > Jolos dio )0 iy glo wyp Judd ek 4 b L 1) Gadsd opl 0 Codgizme pl g i sdalie
O ) Wbes plul Jolie joliiS oy e Cul (Sew (Jhate g9 (g Oglate slacie yu ¢ uate 3 jgluiS

Sy @ G e b g5 o 45 Sy g0 S5 ygb ol adlllas cpl 5> osel o 4 ol @ dsg b ik Lo 4 g
‘Iﬁ)‘ sl 43])\ J.a.u Y Q.;.] A g (ol.i;.:a B oa)ls W»] dl}ﬁﬁ d@lf d‘).g daﬁ)lf LSL“J>°|) cksiLC?U P‘.ﬁl J..al.u O‘.@o
3wl 2ol el Bl o 3,31 g0 plSin Juod 5 o Bl ‘;J%JWT dalo 90 e 5 Jliod plail fuolas
Olgse & amd lis |y Slisg pluil Com] slapaadlSo ;> cglis el By o Folite b (cla yiolojl g Slivs plul

5 B> gd dlex I yed sloaslyy cusyy (2 plgiee K03 3,90 28 edlisl 5 3 oy gl ) s @
Sl (3093 (e 53 S Gl o] B 5 WS oo 5 1) (9> Clled lig) oS (31,31 plas g ey )55
M3l 53 g Co g Gl s 905 oy d2g 8 b e g 9l ) Ao Sl SLoS plul Jolie jolisS g )08 @
1 0l ke 3lge Bub e o IS Ao . JE 8l cou JSew ol 0 1y Sliss plil Jolie les s Wlg 0

Wbl oo diaud )yl g duto Hluus aS ouiS edlatnl dipej cpl 40 o adS Sb lad )8 51 S0 s e lddss g Sudod oyl

ST Clla Ve
osgR G Jeol 51 (59

g ) Lingh il g ble & ooy e sl ojle] (EALS €8 b canl okd ol dlis ol 4 Toles GBI Jguo!
A azly 45 ale e byl leMbl dg imgh B9y bya ) B 8 b ded oo

S b
ol 03,55 €l elinl it g pogad o s> sl ol §l Jlo Ko W55 g Lipsi
Olf.\w’ Ty a..S)l...we

Sl Sl pols Gimeh sl yisw ded (5,55 g 1l Sl 0 B ples

Ky (5 03055 33 LS ] Juolho SoutinS’ Cmnsd 33 (90 S paw 381 i (], 1Ko g Sllakew




‘5&!})‘9‘.&3&‘” ‘l:. YD)WcAD)sac‘f"dwU

)% bl (o)l dlie pl (B g e e
Reference

1. Wright WG, Ivanenko YP, Gurfinkel VS. Foot anatomy specialization for postural sensation and control. Journal
of Neurophysiology. 2011;107(5):1513-21. [DOI:10.1152/jn.00256.2011] [PMID] [PMCID]

2. Hamill J, Knutzen KM. Biomechanical basis of human movement: Lippincott Williams & Wilkins; 2006.

3. Bischof, J.E., et al., Three-dimensional ankle kinematics and Kinetics during running in women. Gait & posture.
2010;31(4):502-505. [DOI:10.1016/j.0aitpost.2010.02.010] [PMID]

4. QOatis, C.A., Kinesiology: the mechanics and pathomechanics of human movement. Pennsylvania. Lippincott
Williams & Wilkins; 2009.

5. Hein, T., et al., Using the variability of continuous relative phase as a measure to discriminate between healthy and
injured runners. Human movement science. 2012;31(3):683-694. [DOI:10.1016/j.humov.2011.07.008] [PMID]

6. Kendall JC, Bird AR, Azari MFJTf. Foot posture, leg length discrepancy and low back pain-Their relationship and
clinical management using foot orthoses-An overview. 2014;24(2):75-80. [DOI:10.1016/j.foot.2014.03.004]
[PMID]

7. Anderson T., Hall SJ.,, Biomechanics and running economy. Sports Med. 1996;22(2):76-79.
[DOI:10.2165/00007256-199622020-00003] [PMID]

8. Sadeghi H.local or global asymmetry in gait of people without impairments. Gait and posture.2003;17(3):197-204.
[DOI:10.1016/S0966-6362(02)00089-9] [PMID]

9. Firoozi M, Razavi SMH, Farzan F. Investigating the Challenges and Problems of Iranian Medal Running, Sailing,
and Swimming. Journal of Sport Management and Motor Behavior Research 2011;8(15):37-66. [Farsi].

10. Modses M, Jurimae J, maestu J. Anthopometric and physiological determination s of running performance in
middle and long distancs runners. Kineziology 2013; 45(2):154-62.

11. Mikesky, A.E., A. Meyer, and K.L. Thompson. Relationship between quadriceps strength and rate of loading
during gait in women.Sports Med. 2000;18(2):171-5. [DOI:10.1002/jor.1100180202] [PMID]

12. Lathrop-Lambach RL, Asay JL, Jamison ST, Pan X, Schmitt LC5, Blazek K, Siston RA. Evidence for joint
moment  asymmetry in  healthy populations during gait.:Gait Posture, 2014.40(4):526-31.
[DOI:10.1016/j.gaitpost.2014.06.010] [PMID] [PMCID]

13. Schache AG, Baker R. On the expression of joint moments during gait. Gait Posture. 2007;(25):440-52.
[DOI:10.1016/j.gaitpost.2006.05.018] [PMID]

14. Ae M, Miyashita K, Yokoi T, Ooki S, Shibukawa K. Mechanical powers and contributions of the lower limb
muscles during running at different speeds. Bull, Health & Sports Sciences, Univ. of Tsukuba. 1986;(9):229-
239.

175

Ky (5 03055 33 LS ] Juolho SoutinS’ Cmnsd 33 (90 S paw 381 i (], 1Ko g Sllakew



https://doi.org/10.1152/jn.00256.2011
https://www.ncbi.nlm.nih.gov/pubmed/22157121
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3311689
https://doi.org/10.1016/j.gaitpost.2010.02.010
https://www.ncbi.nlm.nih.gov/pubmed/20219375
https://doi.org/10.1016/j.humov.2011.07.008
https://www.ncbi.nlm.nih.gov/pubmed/21962907
https://doi.org/10.1016/j.foot.2014.03.004
https://www.ncbi.nlm.nih.gov/pubmed/24703513
https://doi.org/10.2165/00007256-199622020-00003
https://www.ncbi.nlm.nih.gov/pubmed/8857704
https://doi.org/10.1016/S0966-6362(02)00089-9
https://www.ncbi.nlm.nih.gov/pubmed/12770633
https://doi.org/10.1002/jor.1100180202
https://www.ncbi.nlm.nih.gov/pubmed/10815815
https://doi.org/10.1016/j.gaitpost.2014.06.010
https://www.ncbi.nlm.nih.gov/pubmed/25035185
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4267535
https://doi.org/10.1016/j.gaitpost.2006.05.018
https://www.ncbi.nlm.nih.gov/pubmed/17011192

Y oyl oA 090 N Fe Y il 999 SwWo g dlxo

15. Peter D Blanch. Anthony G Schache 1, Tim W Dorn, Nicholas A T Brown, Doug Rosemond, Marcus G Pandy.
Effect of running speed on lower limb joint kinetics. Med Sci Sports Exerc. 2011;43(7):1260-71.
[DOI:10.1249/MSS.0b013e3182084929] [PMID]

16. Da Costa BR, Vieira ER. Risk factors for work-related musculoskeletal disorders: a systematic review of recent
longitudinal studies. American journal of industrial medicine. 2010;53(3):285-323. [DOI:10.1002/ajim.20750]
[PMID]

17. Nanomi, Fernandez JW, Baker R, Banks S, Pandy MG. Non-invasive assessment of soft-tissue artifact and its
effect on knee joint kinematics during functional activity. J Biomech. 2010;43:1292-301.
[DOI:10.1016/j.jbiomech.2010.01.002] [PMID]

18. Dorj Schwartz, A. Rozumalski, and J. P. Trost, "The effect of walking speed on the gait of typically developing
children," Journal of biomechanics.2008;(41):-. [DOI:10.1016/j.jbiomech.2008.03.015] [PMID]

19. G. Karmley, H. B. Menz, and K. B. Landorf, "Electromyographic patterns of tibialisposterior and related muscles
when walking at different speeds,"” Gait & posture.2014;(39)4:1080-1085.
[DOI:10.1016/j.qaitpost.2014.01.018] [PMID]

20. Park SK, Jeon HM, Lam WK, Stefanyshyn D, Ryu J. The effects of downhill slope on kinematics and kinetics of
the lower extremity  joints during running. Gait & posture. 2019;(68):181-6.
[DOI:10.1016/j.gaitpost.2018.11.007] [PMID]

21. Schuartz, lan N Bezodis, David G Kerwin, Aki T Salo. Lower-limb mechanics during the support phase of
maximum-velocity sprint running .2008.

22. Maarten Eerdekens, Kevin Deschamps, Filip Staes. The impact of walking speed on the kinetic behaviour of
different foot joints ,2018.

23. Jesper Petersen, Rasmus O Nielsen, Sten Rasmussen, Henrik Sgrensen. Comparisons of increases in knee and
ankle joint moments following an increase in running speed from 8 to 12 to 16kmeh(-1) ,2014.
[DOI:10.1016/j.clinbiomech.2014.09.003] [PMID]

24. Harsh H Buddhadev, Ann L Smiley, Philip E Martin. Effects of age, speed, and step length on lower extremity
net joint moments and powers during walking.2020. [DOI:10.1016/j.humov.2020.102611] [PMID]

Ky (5 03055 33 LS ] Juolho SoutinS’ Cmnsd 33 (90 S paw 381 i (], 1Ko g Sllakew



https://doi.org/10.1249/MSS.0b013e3182084929
https://www.ncbi.nlm.nih.gov/pubmed/21131859
https://doi.org/10.1002/ajim.20750
https://www.ncbi.nlm.nih.gov/pubmed/19753591
https://doi.org/10.1016/j.jbiomech.2010.01.002
https://www.ncbi.nlm.nih.gov/pubmed/20206357
https://doi.org/10.1016/j.jbiomech.2008.03.015
https://www.ncbi.nlm.nih.gov/pubmed/18466909
https://doi.org/10.1016/j.gaitpost.2014.01.018
https://www.ncbi.nlm.nih.gov/pubmed/24618372
https://doi.org/10.1016/j.gaitpost.2018.11.007
https://www.ncbi.nlm.nih.gov/pubmed/30497038
https://doi.org/10.1016/j.clinbiomech.2014.09.003
https://www.ncbi.nlm.nih.gov/pubmed/25242200
https://doi.org/10.1016/j.humov.2020.102611
https://www.ncbi.nlm.nih.gov/pubmed/32452428

