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ABSTRACT

Since there is a direct relationship between achieving the best athletic perfor-
mance and minimizing the damage and the potential injuries with people’s ability to perform the tech-
nique, this study aimed at comparing the selected biomechanical variables during consecutive jump-
landings between professional and semi-professional karate athletes.

[VETEEE In the current study, using a force plate, the ground reaction force, changes of the center of
mass to the center of pressure, and stabilization time during jump-landing of nine young members of the
female karate national team (professional) and nine selected karate athletes of Mazandaran province
(semi-professional), on their both right and left legs separately, were obtained and statistically analyzed.
[T In the information collected from the selected biomechanical variables, the average and standard
deviation in the left foot of both groups were higher than in the right foot. There was a significant dif-
ference between the ground reaction force and the change of center of mass to the center of pressure
(stress) in the internal-external non — professional karate athletes and the left foot of the professional
and non-professional. There was a significant difference between the ground reactions force in the pos-
terior-anterior direction between the right and left foot of the professional group and the right and left
foot of the non — professional group and the right and left foot of both groups in the change of center of
mass to the center of pressure between the right and left foot of these two groups. However, there was
no significant difference in the stabilization time.
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of Mass, Center of According to the results, the variables of the ground reaction force and changes in the center
Pressure, Time to ¢ of mass to the center of pressure, and the time needed to achieve stability for karate athletes can be
Stabilization, Landing used as an index to evaluate the level of ability to perform and detect the potential injuries occurrence
Jump : in professional and semi-professional karate athletes.
Extended Abstract athletes in this sport. The study of this skill is important
because in training, identifying the factors affecting the
1. Introduction incidence of injuries, modifying mistakes that occur in
the improvement and optimizing the sports skills perfor-
ump-Landing is one of the movements mance can be considered by athletes and coaches. Un-
that is often the skill of karatekas and con- doubtedly, due to the differences, the reason for people’s
sequently, causes lower limb injuries in superiority is determined and causes the selection of the
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right people and prevents investing in the wrong people.
Ground reaction force as a resultant of three components
of force (vertical, anterior-posterior, and internal-exter-
nal), distance from the center of mass to the center of
pressure (COP-COM) as an indicator in determining the
body’s capability to control body posture, and time to sta-
bilization (TTS) as an indicator to demonstrate the degree
of body stability, are kinetic variables that are considered
appropriate for comprehending jump-landing skills. The
purpose of this study was to compare selected biome-
chanical variables during consecutive jump-landings be-
tween professional and semi-professional karatekas.

2. Methods

The statistical population of the study consisted of
young karateka girls from the national team and young
karateka girls selected from Mazandaran province (about
20 karatekas). From the statistical population, ten profes-
sional athletes who had a history of participating in the
national team camp and ten semi-professional athletes,
who topped the qualifiers in the same year, volunteered
to participate in the study. The executive protocol in this
experiment consisted of jump-landing, which was mea-
sured separately for each subject. A force platform with a
sampling speed of 1000 Hz was used to study and collect
data on ground reaction force and equilibrium variables.
Ground reaction force data in the anterior-posterior and
internal-external directions were determined with a low
pass filter of 35 Hz filter and the cut-off frequency was
determined using the residual analysis of the 35 Hz fil-
ter. Then, in the landing interval to stabilization, the mean
was measured. Changes in the center of mass to the center
of pressure in the direction of anterior-posterior and inter-
nal-external (COP-COM) were also assessed using the in-
verted pendulum model, and finally, in order to calculate
the time to stabilization, at first, the eighth-order Gaussian
function was placed on the force diagram, and after two
derivations of the function and drawing the diagram of the
derived function, the time of zero-crossing of the signal
was considered as the time to stabilization. For statisti-
cal analysis, SPSS software v. 19 and the Shapiro-Wilk
test were used to survey the normality of data distribution.
Also, the t-test and paired t-test were used for parametric
data and for non-parametric data, the Wilcoxon signed-
rank and Mann-Whitney U tests were used at the signifi-
cant level of P<0.05.

3. Results

The results illustrated that the mean and standard de-
viation of the studied biomechanical variables in the left
limb was higher than in the right limb in both professional
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and semi-professional groups. A significant difference
was observed in the ground reaction force of the inter-
nal-external component and the changes of the center of
mass to the center of pressure of the right and left foot of
non-professional karatekas and the left foot of the profes-
sional and non-professional groups (P<0.05). The ground
reaction force in the anterior-posterior direction between
the right and left foot of the professional group and the
right and left foot of the non-professional group and the
right and left foot of the two groups, and in the changes
of the center of mass to the center of pressure between
the right and left foot of the professional group and the
left foot of these two groups were significant (P<0.05).
However, there were no significant differences in their
time to stabilization (P<0.05). The purpose of this study
was to compare selected biomechanical variables dur-
ing consecutive jump-landing between professional and
semi-professional karatekas. The differences between the
reaction force in the performance of left and right foot in
both professional and semi-professional groups can be re-
lated to the fact that this force indicates the adduction and
abduction of people’s feet, and this is one of the strengths
of professional karatekas at the start, and as a result, un-
doubtedly, they are superior to the semi-professional
group. In comparing the changes of the center of mass
to the center of pressure, there was a significant differ-
ence between the left and right feet of both professional
and non-professional groups, and also, in the comparison
between professional and semi-professional groups, only
the left foot had a significant difference, which may be
related to the distribution of body mass of athletes and the
pressure they apply when foot-working and starting.

4. Discussion

According to the study results, it seems that the variables
of ground reaction force and changes in the center of mass
to the center of pressure, and time to stabilization can be
used as an indicator to assess the skills performance level
and identify the potential incidence of injury of profes-
sional and semi-professional karatekas.

Ethical Considerations

The ethical principles observed in the article, such as
the informed consent of the participants, the confidential-
ity of information, the permission of the participants to
cancel their participation in the research. Ethical approval
was obtained from the Kinesiology Research Center of
Kharazmi University (Code: IR. KHU. KRS-1000-111).

Nikjoo N, & Sadeghi H. Comparison of Ground Reaction Force, Changes in the Center of Mass to the Center of Pressure, and Time to Achieve Stability During Jump-landing. Sci J Rehab Med. 2021; 10(5):964-975


http://medrehab.sbmu.ac.ir/issue_1066_1067.html

Scientific Journal of

Rehabilitation Medicine

Funding

This study was extracted from the MSc thesis of first
author at Department of Sports Biomechanics, Faculty
of Physical Education and Sport Sciences, Islamic Azad
University of Central Tehran Branch.

Authors' contributions
Authors contributed equally in preparing this article.

Conflict of interest

The authors declared no conflict of interest.

Nikjoo N, & Sadeghi H. Comparison of Ground Reaction Force, Changes in the Center of Mass to the Center of Pressure, and Time to Achieve Stability During Jump-landing. Sci J Rehab Med. 2021; 10(5):964-975 H



http://medrehab.sbmu.ac.ir/issue_1066_1067.html

B oylad . Vo 093 . VFee g5 9 43T PIPREIRT R+ z

g3 Al

Solal @ Gy loj 9 HLdd 3550 &1 052 35 30 Ol (om0 Joddl e (5905 dunnr e
148 yodosd 9 sld o ST Glga ()] 553 55 39,8y 3 Pl

" Bolo yu® oS 350

IR 55 yo 5 92Ny ¢ 9 ool 5 (i a5 0SS  caDlual ST oKLl ¢ 2859 SeilSCogins 05,5 )

Ol 5 533 oIR8 o o3 p9 pole g Sy a5 29SS (o9 puilidicnpmil § SilSKages 09,5 ¥
Oyl el 15 ¢ 505 o5 olKitils ¢ 351> pole 0SLidg}s ¢ i3y SilSagas 09,5 .Y

AR g o sl o e 0
o 0 T

*  oee

WA pgo ¥ 0l o

Voo 3T o1 lasi o 5
(52528 1l 5 kB fimnl sl 590 (il Bl s 5 (559 Sl o 5121 o ot s Aacanss o590l
S8y SIS s osn (sladg yo- oy pln ( SilSogay castise (5l yuiin dunlin g5 (l B0 .0 I8 adiue alay
BrY 6‘45 )>4.4.3.v 9
9188 3550 1 o2 55 p0 Oy (yma; Jaall puSe (5950 4 bogype M i s azio 5l Ghingly ol o EEETTREE
Sl e IS 9 (5 aim(5lad,2) o oo (s | WA (g 1250 ouomd 99,855 plSim 55l 4 e 0o
A g lol Judons g (5 pglanr alslaz &jp0 s sl g e (sl 90 52 10 5 A glad aes) ol isle
03;551.&)5&»:‘)‘9‘;\3‘4; Cnd g“a?‘h‘du‘)é aalllas Q)}dé:—\&d}:—i le.bx.l.:.a)[:u d‘ﬂ‘,wiisa oloum LM:sLl
b U8B 3950 4y 2 55 yo Sl i g (o253 4dle (e Jasll 1S (59,8 Aunlia 5 392 ;YL (SM3>de 5 518>
Gyed Omt (P<1+0) ud oualie (g holine Ciglis (5lady> 18 g D y> 09,5 > Sb 9 SlAd,> 5 SIS 2 g oy
o 9 Consly 5 9 513> 08 09,5 0 g ol (Sl 9 (SMB> 09)5 g ol (Sl (o (SIS glB Sz 33 (e Jesll S

d(P<+10) 5g; Joline Lgld5 09,5 95 0l oz (5o 9 (SH,> 09,5 o 9 Sl 5y o L8 3 50 )2 55 0 Sl yeniS 0 095 9 Rojlgudls’
(P<el By ats 0040 (5 Ioline ciglas Lsl (g 5laals 4y iy o cy Wl 25Ty (Gg s o3]S

4 Oy Oloj 9 5183 55 po 4 p 2 55 po s g (e Joall peSe (95 (6l e sy A L sy 0 i 4 IR Gy 35 0 o e
SMd o g glad o CLISAIS sl 590 Sy (eseit § & lapo sl pedans (ol Sl (gL i d Wl oo (5 0y S oo L8 35 e
Bgd solazul 598~ iy

@ e Coled s a5 Cul badye o] gleade dl> 10 (gly2] jo doddo

©3)Sa9) nl b 09don jliel S 5 ST wiedan gl
st )2 0 e o 9 (S litee slag i 5l ST
lrasads plyie ay conl 595 Jeudly J1al5 5 Lo les

ol (o yo 9 K559 (Ll

a5 adlhe dws anlyy loie 4 &5 ee Jaall S (59505

3 Sz s o 2rkae lobiyg il (o lsiear S5
Serell 5 Sz bl sladlae 4 (Shicws o5 550 (o
Syl catiane o 3l oLl aiojles o o3)9 AL3) ol 3o
2 B85 5 yois 50T g (2503 (sl enigatiloy (Joel
3,539y b cadle (K56 o & (g0t b 3l e sl b
ol oz 5 505 Sl 9 5l 6 e Kday

4559 il e 4 & les sl el LS (2559 50

Fole jau 55

(55539 S sl 5 SilSonay 09,54 535)9 pole 9 (S a3 00l g0 o5 olStils o] 1L

+AA QYY) YFOYIVD sodli
sadeghih@yahoo.com., sadeghih@khu.ac.ir :4sLL |,



http://medrehab.sbmu.ac.ir/
https://www.orcid.org/0000-0001-6563-9882
https://orcid.org/0000-0002-5752-9146
mailto:sadeghih@yahoo.com
mailto:sadeghih@khu.ac.ir

S s 45 0 (g A ol guisn s o [V] e
Sy Sl pite 0 SLLI Gladyrans o sl ol
gl JLad S 4 oy 35 e Slpndl g (e Jesll S
95 o] (g5l 42 (s ooy 50 Lol )l 352y loline
B,las 5924

ablie (LSS Glods o ys Vo a5 amo oo Lis anled
onl byl 5l adle BT Sy 5 09,8 el Mgily (gl
OO0 & oyl e b ez 509 (b5 ¢t o]
y el 3 TA Al ol iy alite o33)0 slaculas plKin
g oo Capmizr 4y Aaly sl )iS18 8 xS gl o0
Ol 0929 pas il atdls as] el o usad ):JTS‘
2 315 el Gliee GRalidl ceely 525 95 Jabo (Saaliy
Iyl e obs

St (e Jolos 33 9 5 5L Sl slaglis
T RS G B 550 el Sige 90 e o SielSS
Iy gl oohid gbolite el ol LooS” s IS S
065 9 913 slocel 5 Slodis 5 38,55 Jalge 51 g0
odalice oaliplonil Clalllas  cwyp b g3 o0 Agui Lol e ot
39 ldenie a5 (@ )lwl) 39,830 5 O )lowe a5 sl 1yl 0,5
ol 48,55 1,8 a5 8 yg0 clunl JJAF S 455 (6l
Whisel 30 a5 8l Cuenl g ol 5l el (o)
sulgice (sy9 slocles gl (oS Ay g Wyl 4o
argi b woyio 58 8 loye 9 (LSS50 azg 99
&y demlie 5l odelannay slrosls 10 39290 (slacsglis &
DAl el aetin o3l 5 5 e o SeilSaga (5l peio
‘SxfBbCM)éLt0‘;‘65)6)‘fghﬂ)|joﬁwué‘)s‘

&

g se

5l a8 as il adiod wadplal Slalllas i (5y950 b
s )lee szl o ol 4y dnly (Silage slo yuicie
axlllae 5,50 |) 6‘45)"4*35 9 LS“‘-é)’ Q‘y ‘:,l):.&o 43")[5
Sl piiie 508,56 5,8 L pol> aslllas o .0l ools 1,8
el plye 4 wlyi oo a5 Jolas 4 atly (SilSaga:
9 G O lee sl iy OGS 0 Sae S5 sl
plovl 5l Bum gl 8,5 a5 10 ol o Sy RolS
Syt ey Joall oS 5958 SMamlie (o) GBS
398005 A (5l 4 sy oy 9 LB 4y 02 5 56
g WA gladyoaes g Sl > ooz Gl o

11. Anterior Cruciate Ligament
12. Femoral Intercondylar Notch Width Index

Ul s g0 (eald gt 4y citin |LAS S a0y
L aS Yol 4 oy o 9 o ey J55S 50 o
5 Jlal pln ol b,y JBlas 4y 0 Gy by
DT wigi s gy sl Condg S 4 Ligy camdg
O Sl Ol 318 (L3S (Sl (paSld oS aalals oy
b Eles Sy sl (eralin (TS gl pekie e
gl g8 igane 395

29530 (5l yuiio w52 XIS Slalllas 5l ke 549,00
3y plzn e Jlo plyie 4 ol 4385 )18 laoes 4245 090
ol a5 50550 045 VY by ilSS (SilSagas oo po
Wb sae wilodg: s y0yS 55 ol s oy ]
09,5 3 B Gy p0 S by sl pals &5
Py (5 bl j5lods (530455 53 09,5 Ay Curand (535 53 55
Iv] e

So 5 2l I LS mie duslie 0 (6,50 ddlllas
b S8 Sppd g i pladl 30 (e Josll S (53900
OB 9 oo 5Ltd 2365 (5951 0 (5 loline gl 45 wzdly yo
oS Jlo o d¥] ctlas 525 5p0é 5 50 S izeen
9 55 Sk Om 2l B Hlad 0 Sl lgie b glaalllas jo
Do 9 1998 Sl Uhp g &S o Yoz 0 Sppd
Pl 0 (S (Gl IS led o5 BT aon fsagee
S8 FOWJIIP g v

S o) siurnysis b i b glasllas 5 wizron

2zl GSL St Jloel cdlaze oy Jolas J 25
45 a8 5 Azt idg 57 n 58l g 45 s sl i
09,5 0 SWSL Slid Jloel 5|y Laly 23 550 el
09,5 3l s loline yoboas (630l o315 (e g8 b o) anlllas
@S o o 00 Sh L] ol i (ollo ol 3l J 8
Candg 98 50 89,8 3l Jol> (SiloisS 9 (S5 (slacglis
W3y i e g U5 40 MY 2SI8 L og 8 g Jle s 99,8
35090 slrdalie ol cucly asVl aSld as’ wind euw
Ve 5S Sollad g (e Josll 8o (58 A5 ol
Wy 47 ool 41 025 9 97 500 (B )0 (it

Byl 0 st ol b 09,8 aliold 4y o 09 glis )| o5

1. Center Of Pressure- Center Of Mass
2. Time To Stabilization (ttS)

3. Jump-Landing

4, Genu Varum

5. Genu Valgum

6. Sideward Cutting

7. Landing

8. Vertical jump

9. Upper body Flexion

10. Quadriceps

3958y 34 IR (G ylaaly 41 (ydwwwy 303 9 Wi 35790 41 0.9 35 30 Sl 03 SIS (G998 Al B3Lo s 9 928 453U


http://medrehab.sbmu.ac.ir/

Joall juSe (59,05 slrodls b solai] T000HZ (g )l ysdiges
Ad b 2o lBls o Tl S gl o (e
5T ) eslinad b (o S8 9 23 55,0 YO L350l
G ogyd o3l 40 (o s yusd 5l 5.0 YO ouilo 8L

A (5 S o3ludl (reSiles g lsly

1 shlS— oo (gl o Lad 55 p0 4y 02 S 50 Dl s
e 3l oolinnl b 52 JLad 3 50 iy oy 35y (25—
Crdem (o dnlona jolate d Calgiys o [V] ugSae Jpaly
955 JOge3 59y Cedd i po Vgl 2l ol s lnly 4
Jogei sy 9 & 51 (65 ERte b 9 3l gy 9 0D 0l )3
Ole Oloe 4 JUSws (o jio loj 9 00 (55 Fiio
35 )18 e (5 el s e,

93l (39051 9SPSS 133l 55 14 aseas 3l (bl Julos (51

5ol ool esls x3595 (090 Jloyi (swyp sl S
2 oy Jedll S (690 amlie) Jituw (5 slagges
M > dars g (glad,> 09 ey gy (RS- a8 sl
Pz 35 yo Oyl g (glad >dens g (glad > 09,5 o (b 9
$Md > 095 G sl (S salad gLl jo JLad 55 e 4
ooy Joall Ko (695 dnnlin) (295 (5 9 (ShE e
5 GME> 098 g canl) by A eld sl o
lly 5o Lad 350 4y 0, 35 00 Syl g (5148 den
lrosls o (lad,> 09,5 «= 9 Sl «b Gé.lé—snbé
anglin) 9S8y (slagygesl 31 Sl 9 S yxall
Cosly gl V2 B sl ) 58 e Jodll e (5550
2 L S0 a4y ey 55 0 SS9 SlB > 09 o g
9 (M8 dai 09 )F ez g cunly b M 2l S (sl

14. GRFx

15. COP-COMXx

16. Gaussian Function
17. Shapiro Wilk Test
18. GRFy

19. COP-COMy

gl Ao (59 5)%e 9,8 O ) prgpdd

oo g ) SIS oz (250 1y B (5ol dmelr
oS5 plpisle gl coetis Sl oz ol i 5 e
550 00 g lol amal> 4958 3l HE Gy 3g9a) iols
Mijyg 00 9 (e pd 590y o jpax Adlw S (glad >
Slidlae 3 355 ()39 St i Glyie 4 &5 (sl >aen
A 32505 oyl 0 O b (gly il |y Jlo las jo glsel
W53 ,5 S i aildbogls & g0

2S5 7 (sl o ogail s,eSo3lal 4550 plad 51 L3
gty Sledlb] g 355,51 1y daliculs, p,8 dalllas oy
2 P E S K5 S SSPRPY-F IREPLWIN VOV IS T YR CSL LA g0
otigal el £ 5l B 0 (g pgleesr aam 53 o259
Sl odls yae3l syl ogou b by Sagel olidl (sly p3Y
IS 4505 Lanwgs oo (a5 o0lind 590 (21,21 SS9
111-1000- oS U g0),le> oRiils 35 > pale 0aSlimg’y
A o g KRS

391 08 JS25 09,8 i 3l stales nl 5o (il JSSg
g 4 aud 2 (sl Gaiod (ul 13 45 () ojleds pygas)
s ordsl o b (xSl (Sogeil (Sl o (sl g e
4" S gty domhin Sl o 0 03l SS9
9 azio 3l )5 Lol o gl o5 (69 ol )8 < p90
Olod 45 59,8 by 09 4285 J|,3 dmivo (59, el oy sy
5 0l plowil 1 K385 10 (gly2 ] 00iiS g by i
Lyl 435S ot ) i a1 S 2 (e o ool 5l gy
S5 392 3l (sl o 45 gl (gl 45" gl ol b
ol 285 )18 dxdio )l oy sl g g e dxdo
A 85 L 28 S 50 50k e Coons o 5l S >

ey Joddl o Se (59505 slaosls (5 ylanz 9 (owyp sl
Sy b gy a5 Jolas & duly (slo it

13. Switzerland Winterthur Kistler

3983938 AU (5 5haaly &1 Gy 03 9 WD 35 g0 41 0 12 35750 S oo 5 SO LSS (59505 dumntlio o B3l e 9 928 435U


http://medrehab.sbmu.ac.ir/

(4 &5 09,5 1) by gogejl  Stlidcunes Olasuin .Y Jgaa

sleme 81,00t (.Sl
N 095
039 2 o
DOEYIAL VEYIFEEV/\S WESEN /A SMé
BFEY- /Y5 VPE0/AD WYYEV/AD GMipdag

S o b yiio ol 45 lbanglio 0 5 (g (o (3905
oolitil (293 (9 e (5 S 2l slaygesl sl
KW

@ S Sluds 0 baosls Jlre Sl 5 (5 Sle
S5 e )= 5 (A ooh3 (sl 90 yo JLid 55 e
T (1 ili— alad (sl 55 53 ey Jorll Se
Coly Sl 99 2 1 bgape )l & ey o) 9 (59905 5
P M g b Gla SIS 09,5 90 10 0 oz 9
JOW PREPU L Y DR P

eSlee 50 glis 09y Jobine Sl (255 (5 (a9l s

Cel) b om (Al E sy o JaallpuSe (g

09,5 o 5 Culy Sl 5 (P=2l22) (Slad> 095 Cx
ool (P=+/+1) (5148 o

35 70 S dnlin (ogas 1 (19051 (e S (rizpen
9 Coly S o (A AE L) o L3S S e 4 p
S lline Sgld5 (5l 09,3 Jlaj 03l 10 lady> 09 5
05...5&1.;5 O}A)T @L’b 41..3" ‘M‘ .(P=‘/’ . ’) b‘é OL{.’J b
g (P=ele ) Joall (S (5955 (Sl duslie (pgas- 5
— B bl 3 Pl v ) JLid S o ds o 55 po Ol i
lej 03l 0 KBy dari 095 iz g Canly by o 2
Blo lis g lobime glds (5 lasls b 0,8

— s sl 30 ey Jodll e (5958 unnilio) (g (e
3o Slpil 9 M y>deni 5 M )> 095 i sb (215
095 oz b (2B sy o Lad S0 4 0>
s 00l P e[+ 0 (5 lolixe prbaws 1o ((gldd > 1 g (glad >

09,5 30 o o oge;l Slicimer lasie

Gl Y oyleds Jogdz 40 (glAd >k g glad > sla,SlS

C))LQA 30 (R (69090 JA-&“‘_’MK; 65).33 )‘0543 el 00
ol 00 43‘)‘Y o)wﬁw')bojﬁ—uﬁﬁ‘

wepas 0 Shy gmld ogeil b @Sl 4 4295 b
a5 51 byl 51 (S Cledlbl 2555 (o9 Jloy (g2
2 7B (3 sl po Lid dyp 2 55 10 s sl yukio
bl 99 0 lagld > d cr s 5 lagld > <y by
Sk sl 4 ey (loj ¢ hlS— salid 5 (2 B S
Jodll S (59,05 daslad o rue G by 9 laglad,> o
Cadly b 9 M8 pf g Sl ) b (2B S
Sy @259 3l sl salsd sliwly jo laglad >yl o g
8945 0595 52
Wzl &5 Lo o yuite ol oS ghamlie ;2 13 05, ol 5
03l 3l 295 & Sl A (295 09y0 Amlie jelaie 4
3 Jie (5 sl 4 (29,8 duslie gl g (yauSTShyg

99,808 ©lan 50 00y Vla i (e (59908 JosllnSe 9,5 ogei T yrguad

Sl pdasd g glad o AT (555 539y yd yy IR | Silagas iiiiio (510 pudin dunnilie .y g 4255 433U


http://medrehab.sbmu.ac.ir/

o8 Ll 93 3 Geny Joall S (59505 o2 B0 9 (Al (oluB (SLwly 90 50 LS 30 41 12 55 0 Syt Jlone Byl 5 (Sl Y Jgi
Sld > pé 5 sl > o SAIS 1 G g coaly S 59 8 4 bgwye ol & G, Gloj 9 (2B S 5 ALS

Sare B oot (0 Sile
L e
T Sl
AVIEERANY AVE[Y VT Cad)
(smecslee) A= oS (lial 3 )Lt 35 po s o> 550 s

Foare.t.5a/0 FeveyiaLvwisy e

*DF/)+£V/AA SNAEVVIA S

(ecsles) (o2 B8 (sbil) 53 )Lish 3550 4y p > S po s
FRAVIALYY/SA TROVISE YIS e
YN o5/ Vall 4 VY RN Caly
(N) (sl —alaB (gl 3 oyrn Josll oo (5955

Tee00/-20F - ety 255 e

*AV/eE YA “AV/otedfs S

(N) 28y (slid) 1 moj Jodll S (5900

S RES I tevelotey/- s

ayy/ -t ¥o/- ayy/x-$Y/- W

(N) 53900 (sl 3 o305 Jodll pSe 598

I BRI E/EYY/ N

YYa/ t-5f/- YV BY oy

(48) sl 4 cpdam) o
AT TR Y/ oteav/e o

9,5 090 (5 loline Sglis *

(648 5o sl ol b 5148 > el i) it il 4 o9, ot 5 foline ogli ¥
(68,5 5o o P b (148 1 o phil) iz o] 1o 2,5 s (5 foline coglis +

Oy ol duslio b alasl ) 18 soelassay polie cyuioed
‘q“ﬁdtﬂ‘))%@-"oﬁ‘gﬁ" Obis Lid 58 oy p 2> 55 o
alogas (5Mdy> 09,5 i g Sl Byl Sl plad o ks
Sy (S8 dass 09 )5 Cunly Byl plail Slao 0 A 9 4 s 3
Srdpr S Olpsd 4 by polis pgpas )8 59
Sl ) 3 ).Ic @L‘L.z’i dLbra‘AS‘ P )l:’>—615|.> bl ly 50 )L.i.é
6‘45)"4-“‘:; 03; L:A-MJ‘) Sb r:‘&‘ )‘| oy 4 6‘451-” 05;
Al 5l de oA dgux o slad 1> 09,5 i Byl 10 5 09y yieS
gt yeS o glad >daiog,S jo Lol

ey Jodll Ko (698 dunslie (3w (il plowl | Bua
P 55l 4 sy Gloj 9,138 55 o s p 2 55 50 Sl s
LA ghdyans g M3y oz oS0 50 998y
OGS 0gd Jastie U ol @O asllas ol o 0y
OB 5l 5ae 4z dalllan 3,90 (5o yaite y3 (5143 > e
Y )lo alold 6‘4.‘3  y>

ol e (69,0 dunlin o &Sl 4y azgi b IS sk 4y

03; 9 B 3 Ca.w‘) 9 &= 6[.3' Q)S-LO& 3 )‘OL’M Cajul.?
@y o Jlea Judo ()15 co dings (b s g (gHd,>

Jodll S (59525 (e Sibea damslia yo S (1903 gl

w7 9 (P=ele V) Culy by 99 o o (Al (olo8 bl o
2 05905 o b 5 (518,25l 9 (P=+/+ + 1) (glad o 05
— o sl yo Lid 350 4y py2 S e it b Ayl
b 35,8 Gloj o3l 55 (b, e 9 SME,> 09,5 G Sl (il
P= ) 09 sl cyas Jolins Ciglis 0979 51 (S sy

dglie ogas 8 (g oo 093l @S Gl 2 el
P Sy Slyss 9 P=+/+ ) Jodll S (59,5 (eSilee
w7 b B gl o (P=/v 0 ) Jlad 55 e 4
g5 (5l B 99,8 (Jloj o3 5 (glad > ol g (ghad,> 09,5
Sla slas )y g lobixe

Say 41 bogiya polie oo (LiS Gadod @l JS b 4
Couly By Slio plail o Als— selad glouly jo Jondl S
6‘45)’4":5 09; C~a|) S,b rsLLﬂ )| AWK 6“@)" o”f
Ylagld,> co B)b gl plal as” Jl> j0 gy yiiy
T sl o Josll 1Se (595 41 Ly o polie
J)Jo 30 9 00g J"‘)" R L: C,u.:‘) d).‘a ES’M GLQPL\J‘ 5
09,5 10 oyLi bliis plail 5l s y0 £ 390 Wy gldd j> 09,5 >
D93 yieS B gldd y>don

Sl ydand g glad o SIS (01555 1339y yd py PR  SKilRagas o (510 pudin dunnilie .y g 4255 433U


http://medrehab.sbmu.ac.ir/

L calizrs glacond 5l oolail jo cglas pl.ally 09,8 0y
M8 0 Sl pyr 35 ye alai g L2895 13 (aneb b 4

OIS 98- Ay 3 sl 4 e ooy Aunlie y
Sl 093y Ciglis (5lad pdend o lad,> WIS e
> &5 gl (S 88 69y Sl @l b asdly
VO] el gunasls cilosls ploel il ool aboline LK
Gz 0 b 559031 Sl pla 10 g3l salad adolisie Lol
Cadls Sl

adl bl cpl 4y Jfoline Cigldl 092 pas vy oo a5 4y
g9 3 ool Yool 5 Sy (Fobel Llxd 3l 05,5 95 0 45
245 g on Sleitin 9y cnl 3l 039y arliie By o3
S0k 4 Oy ploj DS 4 Kag)y gomy ligdod
oS 58 (B8 A o b g gutee 5 (SMB > 09,5 93 (e
4l S92 (6 loline iglds aglss B 03 Loy (g 5lweslel
09 (guiy 2 9 S

@ oy Gloy o 43S salunsdy SleMbl 4y a5 b
oo Lol et ol (g foline Coglis 09,5 g0 oo (ghsly
L3 3 e ds )2 35S e St 5 (e Joall Ko (slog
o0 (g boline gty oyl JSlo g alo— olad gl jo
ey Sl Joas 4 (i sl 39,9 plSim o505
o 5 o8 abolize oS

OLlKD;ye a5 ol wias go plis ey Olallae
b2l ) shp S 5 (b 5l 098 Je (8359 slaygile
gy oy Wb Jare (60, Slas LS Jad> (gly aiS oo
bgs oadads ooyl Slogy Jed 5 Sl
Seoliys logyei 5 Blsscins] wiiyed glacdly dopLlE,)
Al aldls 0929 Jolai gily p ousS Joe ooliil wdlac
CS > oaniSogame Sasls oy, a5 Sy [V¢]
Gl oyre 0 Sl oy widls S5 faie
DAl wgd o o5

a5 53755 S5l ki oyl 3
4 ooy oLy 9 JLa3 e 4 g 55 pe Dl ()
Ol dmslie Liodas ol dunlis [S@lS ofss gl
Lulpd b ol 09,5 5 (ST L o250 09,5 ;> laasdly
2 Somizr Fl gogad 18 e Sy Cadlgi o plus
S ) 99 8- lee (512

O o] Sl j0 0, olgidun (g5 o0 Al et

Oizpen 9 Syl j0 395 Sy sl ) IS5 9 eslitud
adliys g 5 Yl ey 55 095 4150 sl b O e (Sole]
O 9% SO VRS- S O [ WO I -

= Olgi o0 09,5 93 (slaly 0 Slos dunlie 1 Grizren
4 5598 9 F e Sluyed plonl b ghady> 09,5 45 0
929y gk gl b laazily bl e, S oS’ (5 e
Al ola8 (bl 0 435 SIS o0 59y )lSen
392 e o> )l Ao gLy 10 dalllas gl b g gucenls
[yl

Laye gige cnl & Oliss |y Sores (Jloxod cle
aly8l gl paSTayl g STl oaimo )lis gy ol &S Cusle
lad > Sl g bl 5l (S bl o 0l g
P Mo 09 4y Comd Kb (g 20 9 S
So; 5525 4 e |y gFeal Jloisl cde o

Lgiye sstcslosed 3eios 58 LSS50 3l (2955 55 55l

Cails

A olgisn (S g (Jolas Sl o5 plonl b sy o0 a3 4,
il salad sl o oraej JoallnSe (5955 1 (e
2 5Tl g yeSTlayl hlae ool b asiy) (yed wulliS
Gl g 3 Shee dgupr Sl e SMB A0 (50
5 o 55 Sy

gl JLad 55 pe 4y )2 55 pe St duglile 10 Grizeen
S8y a5 (5148, 095 93 & Cenly 9 sy (o Jloline
(SH8 e 5 (5143)> 09,5 (s dunlile )3 398 o0 cvalive
Iy QT Gll.o:o-‘ cde a5 el olias coglas ez sk Lo
b () e o5 (55133 5 () S559 (o oy @395 P s
el Jas pe il &l

o Olallae gl b Al solad sl (o aulis o
gunodls () )5os g eloww aslllas gl b g [0 VY] guon
sl anllas gl b 2 5= L5 (sl 4o 5 [V
wlgs oo Slsspp Joiml cde [NY] cudl guen o San
3 an 1 il QLS iy 10 g5 el 2529
Dl yo3 plol 9 Vb ()5 dils e 4y dy (a8 50 ) S w1
Kigd oo 40 il (5 lowal 4y (a0l

Ol 2 RS 3G Jelge 31 (S laie 4 0I5 g0 9090 0

Sl il oo oo 03k L83 35,0 0 7 55
A4 s Las e by gogel Conin Ciglds 4y g3 oo
g oo 0anliie oline Cglds puxie oyl y0 45 Il 3l sy 0
PGBl g e S0 plralr Cuns a5 5o Jlio
cde 4 (gl ymans (LSGL b awslie o (glad > (LS5l
Gy b alites lacond 3 o IS5 cglatie oolamul 4SSyl

Sl pdasd g glad o AT (555 539y yd yy IR | Silagas iiiiio (510 pudin dunnilie .y g 4255 433U


http://medrehab.sbmu.ac.ir/

Aa)ln..’b.\oo”é.\f"‘sé,)ﬂ &t of z

Sflas slis)l jo (el 0y a8 5 (loj e Rl
adny Sy il o gladyrhog WS s  SelSoss
JLad s py2 35 po S ydS eranj Joall 8o (598 2 (S
9 8> (5 99,5 a5l 4 s e 9

g (g2 AT (gl a0

O DS a5 €85 a5 o0 aalllas ol slaasily 5
9 L8 S pe dy p 2 35 e Dl s 9 ey Jeall S (598
ol S g a5l s
A Comd 6‘4:9)" Lng)lSASUS Sry LSL“C'J‘ )‘| é’ é)L)
Ll (5148 y>dond

B Olaade
SoRe3 IS Jgol 31 S95m

Joadlygiws b gillae I cllaxde jings sly2! jo
A0 selem oKiils S5 pole 0uSiinghs IS aleS
ooy <adly )oOKRS-1000-111 o Lot 4y M 05 g o0l 48,5

Jo ol
2 gilesaly b 925G 556 bl 5l a5y allie ol
aly ool ST olKzils 359 SuilSogas 09,5 4o Bl
oSy &8 Lt alie ol (gilwoslel o G atung ples
Slacsls
&b )l
35 adlie o)l allie eyl o B s Sl bl plis
Q&S glad >l g slad e LSS 5l alie s g

30,58 b g ol 10 (G090l lgreds allilbogls )90
LSS «° ssla )..\5 9 )i.’.‘.:{

18y dend g 51ad o SIS 550 13 39 8- 30 gy PR  SlK0gnt e (S puiite dumnallio oyl Ko g 925 485U



http://medrehab.sbmu.ac.ir/

Scientific Journal of
Rehabilitation Medicine

References

[1] Hamill J, Knutzen KM. Biomechanical basis of human move-
ment. Philadelphia: Lippincott Williams & Wilkins; 2006.
https://www.google.com/books/edition/Biomechanical_Ba-
sis_of_Human_Movement/WuWKRc2jZ5AC?hl=en&gbpv=0

[2] Yahyaei-Rad M. Inter-examiner reliability of the manual mus-
cle strength testing. Journal of Basic and Applied Scientific Re-
search. 2012; 2(12):13134-8. https://www.textroad.com/pdf/
JBASR/).%20Basic.%20Appl.%20Sci.%20Res.,%202(12)13134-
13138,%202012.pdf

[3] Farjad Pezeshk A, Sadeghi H. [The trajectory of center of pres-
sure during stance phase of gait in healthy males and females
using pedar-X system (Persian)]. Research in Sport Medicine
& Technology. 2016; 14(11):1-13. [DOI:10.18869/acadpub.
jsmt.14.11.1]

[4] Wong PL, Chamari K, Mao DW, Wislgff U, Hong Y. Higher plan-
tar pressure on the medial side in four soccer-related move-
ments. British Journal of Sports Medicine. 2007; 41(2):93-100.
[DOI:10.1136/bjsm.2006.030668] [PMID] [PMCID]

[5] Panah-Abadi M, Aghayari A, Salari Esker F, Anbarian M. [The
effect of genu varum deformity on balance control following
postural perturbation in adolescent girls (Persian)]. Scientific
Journal of Kurdistan University of Medical Sciences. 2013;
18(2):67-76. http://sjku.muk.ac.ir/article-1-1068-en.html

[6] Blackburn JT, Padua DA. Sagittal-plane trunk position, landing
forces, and quadriceps electromyographic activity. Journal of
Athletic Training. 2009; 44(2):174-9. [DOI:10.4085/1062-6050-
44.2.174] [PMID] [PMCID]

[7] Cho JH, Kim RB. [The effects of landing height and distance
on knee injury mechanism (Korean)]. Korean Journal of
Sport Biomechanics. 2011; 21(2):197-205. [DOI:10.5103/
KJSB.2011.21.2.197]

[8] Boden BP, Dean GS, Feagin JA Jr, Garrett WE Jr. Mechanisms
of anterior cruciate ligament injury. Orthopedics. 2000;
23(6):573-8. [DOI:10.3928/0147-7447-20000601-15] [PMID]

[9] Griffin LY, Agel J, Albohm MJ, Arendt EA, Dick RW, Garrett
WE, et al. Noncontact anterior cruciate ligament injuries: Risk
factors and prevention strategies. The Journal of the Ameri-
can Academy of Orthopaedic Surgeons. 2000; 8(3):141-50.
[DOI:10.5435/00124635-200005000-00001] [PMID]

[10] Ford KR, Myer GD, Hewett TE. Valgus knee motion during
landing in high school female and male basketball players.
Medicine & Science in Sports and Exercise. 2003; 35(10):1745-
50. [DOI:10.1249/01.MSS.0000089346.85744.D9] [PMID]

[11] Winter DA. Biomechanics and motor control of hu-
man movement. New York: John Wiley & Sons; 2009.
[DOI:10.1002/9780470549148]

[12] Shirvaniour S, Sadeghi H, Mimar R. [Comparison between
changes in the center of pressure among the elite male karate-
kas with or without genu varum during forward and backward
walking tasks (Persian)]. Scientific Journal of Rehabilitation
Medicine. 2016; 5(1):41- 9. http://medrehab.sbmu.ac.ir/arti-
cle_1100258.html?lang=en

November and December 2021 Vol 10. Num 5

[13] Fattahi A, Sadeghi H. Resistance, plyometrics and combined
training in children and adolescents’ volleyball players: A re-
view Study. Journal of Scientific Research and Reports. 2014;
3(20):2584-610. https://www.journaljsrr.com/index.php/
JSRR/article/view/20842

[14] Afzalpour ME, Kaviani Najafabadi R, Ehsanbakhsh AR. [The
comparison of the bone mineral density and content be-
tween dominant & non dominant limb in elite males Ka-
rate practitioners of southern Khorasan (Persian)]. Journal
of Practical Studies of Biosciences in Sport. 2013; 1(1):44-57.
[DOI:10.22077/JPSBS.2013.45]

[15] Ehsan B, Heydar S. Comparison of ground reaction force,
center of pressure and body center of mass changes in an-
terior, posterior and cutting movement in young and adult
champion wrestlers with approach on risk factors of ACL in-
juries [Master Thesis]. Tehran: Azad University, Central Tehran
Branch; 1397.

[16] Hewett TE, Myer GD, Ford KR, Heidt RS Jr, Colosimo AlJ,
McLean SG, et al. Biomechanical measures of neuromuscular
control and valgus loading of the knee predict anterior cruciate
ligament injury risk in female athletes: A prospective study. The
American Journal of Sports Medicine. 2005; 33(4):492-501.
[DOI:10.1177/0363546504269591] [PMID]

Nikjoo N, & Sadeghi H. Comparison of Ground Reaction Force, Changes in the Center of Mass to the Center of Pressure, and Time to Achieve Stability During Jump-landing. Sci J Rehab Med. 2021; 10(5):964-975



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://www.google.com/books/edition/Biomechanical_Basis_of_Human_Movement/WuWKRc2jZ5AC?hl=en&gbpv=0
https://www.google.com/books/edition/Biomechanical_Basis_of_Human_Movement/WuWKRc2jZ5AC?hl=en&gbpv=0
https://www.textroad.com/pdf/JBASR/J. Basic. Appl. Sci. Res., 2(12)13134-13138, 2012.pdf
https://www.textroad.com/pdf/JBASR/J. Basic. Appl. Sci. Res., 2(12)13134-13138, 2012.pdf
https://www.textroad.com/pdf/JBASR/J. Basic. Appl. Sci. Res., 2(12)13134-13138, 2012.pdf
https://doi.org/10.18869/acadpub.jsmt.14.11.1
https://doi.org/10.18869/acadpub.jsmt.14.11.1
https://doi.org/10.1136/bjsm.2006.030668
https://www.ncbi.nlm.nih.gov/pubmed/17178776
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2658934
http://sjku.muk.ac.ir/article-1-1068-en.html
https://doi.org/10.4085/1062-6050-44.2.174
https://doi.org/10.4085/1062-6050-44.2.174
https://www.ncbi.nlm.nih.gov/pubmed/19295962
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2657019
https://doi.org/10.5103/KJSB.2011.21.2.197
https://doi.org/10.5103/KJSB.2011.21.2.197
https://doi.org/10.3928/0147-7447-20000601-15
https://www.ncbi.nlm.nih.gov/pubmed/10875418
https://doi.org/10.5435/00124635-200005000-00001
https://www.ncbi.nlm.nih.gov/pubmed/10874221
https://doi.org/10.1249/01.MSS.0000089346.85744.D9
https://www.ncbi.nlm.nih.gov/pubmed/14523314
https://doi.org/10.1002/9780470549148
http://medrehab.sbmu.ac.ir/article_1100258.html?lang=en
http://medrehab.sbmu.ac.ir/article_1100258.html?lang=en
https://www.journaljsrr.com/index.php/JSRR/article/view/20842
https://www.journaljsrr.com/index.php/JSRR/article/view/20842
https://dx.doi.org/10.22077/jpsbs.2013.45
https://doi.org/10.1177/0363546504269591
https://pubmed.ncbi.nlm.nih.gov/15722287/

This Page Intentionally Left Blank



