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Abstract

Gait mechanics alternation remain after anterior cruciate ligament reconstruction (ACLR).
Evaluating the center of pressure (COP) trajectory is one of the variables that reflects whole
mechanics of walking and running. The aim of this study was to compare the COP trajectory
in people with a history of ACLR surgery. 48 male basketball players (24 with history of
surgery and 24 healthy) participated in this study. The barefoot walking and running COP of
both legs of the subjects was recorded by the footscan device in two medio-lateral and antero-
posterior directions and was calculated in 4 subphases of the stance phase. The results showed
that COP trajectory in walking and running was more medially directed in the forefoot push-
off subphase in the ACLR group. Also, in the ACLR group, COP of the injured leg in the
forefoot push-off subphase during walking and running was more medially directed than the
healthy leg. Regarding the results of the present study, it can be concluded that the COP
trajectory is different from that of healthy subjects after ACLR. This difference in COP
trajectory can result in altered knee loading and increase risk of knee osteoarthritis.

Key word: Center of pressure trajectory, ACL reconstruction, Gait mechanics



. |
V(/'/JJ&U@/ . ' s . 3
4 — l‘.fj”fﬂ’d‘;-‘/j‘&"{ r.

LXTLEN

Koa e oy 2l (o (Bl G50 SlSe 53 ) at (linad el ealiie a8l (5 5l b dee ) O
_)SJA‘)*MM.QL&A)ALA‘\&XLEAJ\MAA Sl udgjdjuzﬁ)b\JujSL_iy&AbJ&JuthguJ:\aL_)\‘55%‘)1.;19
5l ABle b 85 24) 3 e CualliSiss 48 25 el plaliie S (5 5l b (o) s 48l L)AL
b ous s o) el) ch b Gasel Gl s L S je pree 253 S S8 dallae Gl o (el LE 24
Avulag u_,i.u‘d;_)a BBy JJ}@@B-@\&}@JB-‘;&U a9 ) Sl Qﬁb&uJLﬂjﬁuﬁ
DL S 5e e by sola Gl (g S 0 (al 4Bl Lo 8 50 Gusd 5 i) el (s 48l Gl gl o
st Al (s O 50 ea cud 6l JLES S 5e e ) a4l Loy £ 50 (inad el £ 51 5 sl
e 48358 (5 58 Aatl () 55 e puala (a5 ol 4L 1o s alle 6l 3 SIS Gusa 5 B el i
DLl S pe saee 0 gl Gl ) gl alls o) 81 L el adaliie canal&d (gl ARl U ol 8 HLEE S e

03 i 381 gy i) gl 40 D plad 5 ead sl ) (5 I 5L juad ey il 5 e

B 8" e\i Sl ¢ alad tL\AM k_\.\A@ ok b ¢ LIS S ey QAN Q@j\}



;/
v ;,,r,w,‘_';:_-,‘; ./’,‘4 L.

-

dadla

Db (sl S 5 CSilSn 3 uass el AS a3 a1 (sl sl 055 s ) L el adaliie cusalS (S
o yad (e Dl JI L g ead alag) 55 Juade (A (2 538 (3 02 Dot () (1) 258iee Gusd 5 G o)) 2
alime cullad Cliiad ¢ i) Gl plal Cbliae 8 Gt 5 8l i) ) Jamie lee e (ALK (1) 25500
o s D G ylaga ) (ly S LIS w )5 et 5 sl ) (S0 (EalS 5 (o) gmiall SRt e slen
sl )l (sla B i 4y a3 5 Culgd 3 il S () L(3,2) Akdle (ol el Sl )
O sk (4) e GRIEN 1 G pa gy ol sl 4 Dl jlad 5ol 435 sla Cullad o 515 2l
Jae iad Cullad 4y 383 5 bl gails K3k () e pdon Misa el alaliiie cuialSl Sk 40 48 (50l 4
S, e hae g ke SIS a DY ) oany g 3k 3k Jee aladl ) G L(5) 208 LI ok (A
a5 Olme AR G 353 L(3) 2000 allu 28 L agliie ) 5 4B 35 (e H IS G
= 51 Qa3 (S 5, GRS Gl Gl alayl e sdle gl Jaaie 0 s disy (ol K 1ol jea e
DSUER i iius) g8 Jie sl iS5 SlaS e aln ) G 33 (e GLES Giat Gl (6) 254
AR S i e ly (oal a ) Gy Jle 5 U s 25 (e paliie 5 00 (bl L A1 (B3 a5 o) S
03wl 5 e il adl L L Ay (BA s (3 38 Je (SiledsS Gl past (9-7) 358 e AN Gl 50 sl
o025 Anm i Caely 4S 31y s Lol L3S S pe ppese 5 e bl sl el b by IR L oSS

(10) 25 (e 85 g 53 ) s

O o2l s sl g ol Al 5y 00 uSaia 5l (G2 ) G2 5ee (BSI5 (558 Ay Jlee ) Jae adali 2 5L58 K 5
iy daadilie 38 o) ) 30 S Ala e po LIS S je Cumaa g (11) ol SS e IS SilSa sl 0 Caans
O O bl jadl 5 (12) 2l (e a3 alai) S0 Shee 5 Jalad JS sy 30 ) SDe 03 O 650 G
Se pe 4S8 Gl s saly ol 48X sl a5 (13) ol (A3 Gl 2 Slee ja SRS Hg 5 2iad
(1) Dl sl Sty (Salid 51 IS0 Shee (5 ) s ire Jhme 5 SO (50 5 Gy o)) (L
o Do Gusd 5 G oy Cpa 1 DL S e e (L)) (GG (S8 503 00 (2022) OIS 5 3 saena
o) 6l alie sy JLEE S 5e e (L)) iy LI 5 (13) NS e (el ahaliie cuialSl
sl Jliaba (5 )18 L ) (San Jl3d JS je e Curdsa (s npuri (13) 280 (e (Al Sl ow OIS
50N O (14) 258 b il ol 43 ) S sl (s il Gael 3 ga s Ciely g ealy it | Jliad alail calis
A8 515 IR b < paai L AS Al (e dgm s 38 S pe e AlA- e 5 oa A SR Ol et (5B o
L aS 23 (oo by e g g eaian L LA S je e (813 Bl el JUe ) shay | (15) ol Bl 53 sl
DL S pe pse Oined (16 ,7) ol o) pen Ol o sSIa 8 (a5 5 i) 0a S5 el AN (S e
O 5 Kalsa (17) 20 4 ) Sliad alail K s JES 5 )i Gakay) ) ) el cle Ml 8l 5 e
e it alail S AL Lol b L S je jpese ool adalie a8l ) Gy 48 20y (LSS (2017)
o) e LI S e e oy Wl (18) ol sy sl sal 0 Sl Alae ) Ol il () 4S 0K s
a8l (oL L Ay ohal 5 sle S 5 al o (o) s culae ) e Gl SO Guss 5 Gy
S Al U5 ) S 305 W (b0 o (b SIS Ll g 58 e sl Sas Cisha 51 (12) aiadly el adaliie

(19) it

L Anterior cruciate ligament (ACL)
2. Center of pressure (COP)

3- Stance

4- Roll-off
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Table 1. Demographic information of the participants (mean + standard deviation)

-
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5- First foot contact

6- First metatarsal contact
7- Forefoot flat

8- Heel-off

%- Last foot contact
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Figure 1. Five distinct instants of foot roll-off
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10- Initial contact phase (ICP)

1 Forefoot contact phase (FCP)

2_ Foot flat phase (FFP)

13. Forefoot push-off phase (FFPOP)
14.8PSS Inc, Chicago, IL, USA
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Table2. Multivariate analyze of variance (the main effect of side and interaction effect of side
x group) in walking and running center of pressure trajectory.

ES P df F S i e cullad
0.09 0.06 146 2.05 ICP
0.05 0.11 146 2.55 FFCP .
0.00 0.59 146 0.29 FFP N
0.32 *0.00 146 2206 FFPOP N
0.00 0.72 146 0.12 ICP
0.00 0.91 146 0.01 FFCP X Cieu
0.00 0.87 146 0.02 FFP o5 X
0.43 *0.00 146 35.30  FFPOP iy el
0.03 0.18 1.46 1.85 ICP
0.01 0.42 146 0.65 FFCP .
0.00 0.59 146 0.29 FFP =
0.00 0.82 146 0.05  FFPOP v
0.00 0.54 146 0.37 ICP
0.00 0.91 146 0.01 FFCP X Ciew
0.00 0.81 146 0.05 FFP o5 X
0.02 0.25 146 133  FFPOP
0.10 0.06 146 242 ICP
0.03 0.18 146 1.77 FFCP )
0.01 0.36 146 0.83 FFP I
0.01 0.41 146 0.68  FFPOP N
0.00 0.93 146 0.00 ICP
0.00 0.77 146 0.08 FFCP X Cieu
0.00 0.87 146 0.02 FFP o5 R
0.18 *0.00 146 10.70  FFPOP O s
0.01 0.38 146 0.76 ICP
0.00 0.91 146 0.01 FFCP .
0.00 0.98 146 0.00 FFP I
0.00 0.61 146 0.25  FFPOP Y
0.04 0.13 146 2.30 ICP )
0.64 0.08 146 3.16 FFCP “‘;“
0.00 0.55 146 0.35 FFP >

10
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Table 3. comparison of the center of pressure trajectory between dominant and non-dominant
leg in ACLR and healthy during walking and running (mean + standard deviation)

ES  sig F }(ﬁi‘;b Ciﬁ; o5 £ b sme cullad
0.16 014 16 33%273 21138 i
008 016 2 384322  21+3.86 “f‘j; ICP
0.10 011 262 61£3.90 45:25 A
003 039 076 62+470  48+5.02 ‘f‘j; FFCP
001 062 024 75:t458  82%524 A X
0.00 078 007 73+541  7.6+4.04 ‘f‘j; FFP
003 035 089 52:244 62270 A
068 *0.00 50 -41+247  25%3.96 ‘f‘j; FFPOP ;f;)
001 060 027 146+471 141:546
008 017 2  171+630  15.6+5.04 ‘f‘j; ICP
003 039 074 512:103 489:1788 A
0.00 068 0.17 567+16.06 55+ 16.93 “f‘j; FFCP y
001 053 039 903:2638 938%3999
0.00 084 003 98.8+3340 100.2+31.79 ‘f‘j; FFP
003 036 085 1775:1540 17651:2072 A
0.02 049 048 1857+17.70 183.3% 1530 Gj‘j; FFPOP
026 010 12  5%277 33:2.14 A
0.06 022 153 48+377  32+339 Gj‘j; ICP
008 016 2  64:320  51%289 A X
0.01 053 040 65+472  57+3.72 ‘f‘j; FFCP
001 057 032 51:335 46236 . FFP

11
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0.09 013 245 128+401  14.9+6.89 Gj‘j; ICP

0.04 031 1 545:2163 494:1230 .

010 011 266 549+16.04 60.6+19.73 ‘f‘j; FFCP y
000 071 014 1134+2768 112:16.02 A

0.01 064 022 1208+16.38 122.3+15.76 ‘f‘j; @

003 038 077 1927+1480 19431495 A
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Table 4. comparison of center of pressure trajectory between ACLR and healthy during
walking and running (mean * standard deviation)

- 23S Al e K el o5 R ) 4 s
sig T (indes) (iades) e Ko ol
0.94 -0.74 2.1+ 3.86 2.1+1.38 A ICP
0.55 -0.59 3.8+3.22 3.3+2.73 Frue
0.80 -0.25 48 +5.02 45+25 A FECP
0.93 -0.07 6.2+4.70 6.1 +£3.90 BBt
0.67 0.43 7.6 +4.04 82+5.24 BEBY FEP X
0.84 0.19 7.3 +£5.41 75+ 4.58 BBt
*0.00 -8.7 25+3.96 -6+2.70 BEBY FFPOP
0.14 -1.48 4.1+247 52+244 A Gy el
0.30 -1.03 156 £5.04 14.1 £+ 5.46 P IcP
0.13 -1.54 17.1 £ 6.30 146 +4.71 BB
0.23 -1.21 55+ 16.93 48.9 + 17.88 P FECP
0.16 -1.41 56.7 + 16.06 51.2+10.3 BBt Y
0.54 -0.6 100.2 +31.79 93.8 £ 39.99 BEBY FEP
0.33 -0.97 98.8 + 33.40 90.3 + 26.38 BBt
0.12 -1.31 183.3+15.30 175.1+20.72 BEBY FFPOP

12




0.09 -1.71 185.7+17.70 177.5+15.40 ARt

0.90 0.11 3.2+3.39 3.3+x2.14 F ICP

0.83  0.21 48 +3.77 5+2.77 ARt

0.54 -0.61 5.7+3.72 5.1+2.89 BB FECP

0.92 -0.09 6.5+4.72 6.4 +3.20 Fr X
0.88 0.14 4.5+297 4.6 +2.36 BB FEP

0.92 -0.09 5.3 +4.56 5.1+3.35 Fr

*0.00 -4.44 1.1+ 3.59 -3.9+2.83 BB FEPOP

0.81 -0.23 -5.4 £ 3.41 -5.6 £2.89 ARt Gy
0.06 -1.86 14.9 + 6.89 11.5+3.22 Hx ICP

0.63 -0.47 12.8 +4.01 12.1+6.45 By

0.10 -231 60.6+19.73 4941230 Hx FECP

093 -0.07 549+16.04 54.5+21.63 By v
0.15 -1.44 1223 +15.76 112+ 16.02 Hx FEP

0.31 -0.64 120.8+16.38 113.4+27.68 AR

0.18 -3.30 198.4+15.54 194.3+14.95 AR EEPOP

0.21 -3.54 198.6+16.94 192.7+14.80 By
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