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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. Forty-eight
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. Additionally, 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 the risk of knee osteoarthritis.
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Extended Abstract

Background and Purpose

Kinematic and Kinetic alterations are commonly observed following anterior cruciate ligament
reconstruction (ACLR) surgery (1). While some of these alterations may be restored during the
rehabilitation period, others may persist for up to 5 years after surgery, such as a decrease in knee
extension moment and an increase in tibia internal rotation during locomotion (2, 3). These altered
moments and rotations are directly linked to the center of pressure (COP) trajectory and
spatiotemporal parameters, which can lead to early onset of knee osteoarthritis (4). The COP
trajectory during the stance phase of locomotion is indicative of foot progression and is a valuable
criterion for evaluating foot function and identifying injury risk (5). Given that the walking and
running mechanics of ACLR patients differ from those of healthy individuals, there are currently no
studies investigating the COP trajectory in individuals with a history of ACLR during walking and
running. Therefore, the aim of this study was to examine the COP trajectory in individuals with a
history of ACLR in comparison to healthy individuals.

Materials and Methods

Forty-eight physically active men (24 with a history of ACL surgery and 24 without a history of ACL
surgery) participated in this study and signed in two groups of healthy and ACLR. Inclusion criteria
were having unilateral ACL reconstruction on the dominant leg and complete rehabilitation period
(for ACLR group), having at least 3 years of exercise experience, having no injuries and
musculoskeletal disorders, and having no other injury in other lower extremity joint and surgery
history. The ACLR group participants had no symptoms of pain, swelling, and/or giving-way during
straight walking and running. The study was approved by the Research Ethics Committee in
University of Isfahan with the reference number of (IR.UI.REC.1400.128) and all subjects gave
informed consent. COP trajectory was measured by a footscan pressure plate (Rs scan International,
Belgium, 578mm x 418m x 12 mm, 4096 sensors, 253 Hz). Each subject was asked to run barefoot
6 times with each foot at a speed of 3.3 m/s and walk 6 times at a speed of 2 m/s (6). Subjects ran and
walked on footscan with both dominant and non-dominant legs. The software automatically
calculated COP in two X and Y (mediolateral and anteroposterior) axes in four sub-phases. For each
of these sub-phases, COP trajectory was calculated in the antero-posterior and medio-lateral
directions. A 2 (side) x 2 (group) design MANOVA was used to compare the COP outcomes between
the limbs in the groups. After determining the existence of differences between groups and sides,
independent samples t-test was used to determine differences between two groups. ANOVA test was
used between two sides in two groups separately to determine the amount of difference in each group.
The statistical analysis was performed at the p < 0.05 level.

Results

The results showed that in the mediolateral direction of COP trajectory, there was significant main
effect of side (F.46= 22.06, p= 0.00) and interaction effect of side in group (F 4s= 35.30, p= 0.00)
for the FFPOP walking. It means that in the groups, the COP trajectory is different on both sides. In
the ACLR group, trajectory of COP in dominant leg was more medially than non-dominant leg
(F.46= 50, p= 0.00). The mediolateral direction of COP trajectory in running was similar to walking,
and the side effect (F(1.46)= 6.68, p= 0.01) and interaction effect of side in the group (F4s= 10.7, p=
0.00) were significant for FFPOP phase. The path of COP of dominant leg in ACLR group was more
medially directed than that of non-dominant leg in FFPOP sub-phase (F(.46= 7.70, p= 0.01).
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Tablel. Multivariate analyse of variance (the main effect of side and interaction effect of side x group)
in walking and running roll-off characteristics.

| Walking Running
| phase F df P ES F Df P ES
ICP 205 146 .06 .09 242 146 .06 10
T FFCP 255 146 .11 .05 177 146 .18 .03
FFP 29 146 59 .00 83 146 .36 .01
Cop X FFPOP 2206 146 .00 .32 6.68 146 .01* .13
ICP 12 146 72 .00 00 146 .93 .00
Side * group FFCP 01 146 91 .00 08 146 .77 .00
FFP 02 146 87 .00 02 146 .87 .00
FFPOP 3530 146 .00 .43 10.7 146 .00* .18
ICP 185 146 .18 .03 76 146 .38 01
side FFCP 65 146 42 .01 01 146 91 .00
FFP 29 146 59 .00 00 146 .98 .00
CopY FFPOP .05 146 .82 .00 25 146 .61 .00
ICP 37 146 54 .00 230 146 .13 .04
- FFCP 01 146 91 .00 316 146 .08 .64
Slde™group "o 05 146 81 .00 35 146 55 .00
FFPOP 133 146 25 .02 41 146 52 .00

*Significant difference between groups

The results of the group comparisons indicate that during the FFPOP phase of walking, the COP
trajectory in the medial-lateral direction was more medially directed in the injured leg of the group
that underwent ACLR compared to the healthy group (T=-8.71, p=0.00). Similarly, during running,
the COP trajectory in the medial-lateral direction during the FFPOP phase was more medial in the
injured leg of the ACLR group than the healthy group (T= -4.44, p= 0.00).

Conclusion

The findings of the present study indicate that during the FFPOP phase of walking and running, the
COP trajectory of the injured leg in the group who underwent ACLR was deviated more medially
than that of the healthy group. This suggests that there was more pronation in the ACLR group during
gait. Previous research has demonstrated that in ACLR, the COP trajectory of the injured leg shifts
more medially compared to the healthy leg, resulting in greater medial foot loading and foot
pronation. These changes in foot pronation and internal tibial rotation may also affect the mechanics
of more proximal joints in the lower limb. Therefore, it can be concluded that even 2 to 8 years after
surgery, ACLR can alter the COP trajectory. This alteration, along with changes in muscle activity
and mechanical adaptations, may contribute to changes in the mechanics of the body and the
movement patterns during walking and running in patients with a history of ACLR. Coaches and
sports rehabilitation specialists are advised to assess the COP trajectory along with the kinematics
and kinetics of the lower limb during post-ACLR evaluations.
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Table 1- Demographic information of the participants (mean + standard deviation)
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Figure 1- Five distinct instants of foot roll-off
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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)
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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)
. Frrme sl Freb . . .
ES Sig F 09,5 58 Jye T cudlzd
(yosdso) (ysonlso)
) s XV VES £ FV) VE) £ 058 N cP
~A SAY s NAETAR VOF 0.0 F 03,8 >y
¥ . ¥q - V¥ NREREA FAQ £ \VAA N
FFCP
- SA Y OFN 21508 80+ \FAY 03,8 >y v
A\ . oY ¥ .Y £ YSXA A¥A £ Y444 N FEp
- A¥ oY AIAAEYYF Voo 2YVVA 03,8 >y
Y .xs - AD YO 05 VWO.N £ Y VY N
FFPOP
oY -4 - £A YAOY £ VY- VAYX £10Y 03,8 >
. X7 _p VY O E YV YYEYOF N P
~F . XY VoY FAEYYY IAERAL! 03,8 >
A "y Y FYEYY- 0. £ YAQ ol
FFCP
o) . oY ¥ s FNY DY £ YY 03,8 >
) - BY XY BN YYD f5EYYS ol Erp X
- XA .Y OY £ F.0F foEYAY 03,5 >
<Y ool vy “0F £ YA YA £ YAY ol
FFPOP
CXO e VY DF Y REAFS 03,8 > RV
) . 5Y . YF RAETAL BEERAL N cp
.9 LAY Y¥0 VWA £ VEA £ £ AQ 03,8 >y
~f - ¥ ) OFD £ Y)Y FAE £V Y. N[
FFCP
_p e Y58 NEERT X .5 14V 03,8 >y v
V) CAF VT £ YVSA RAERT A N[ Fep
) . 5F . XY VY- A2 ASXA VYYX £10.VF 03,8 >y
.Y XA YV VAY.Y £\ FA VAFX £ 150 N[
FFPOP
. Ay VAAS £ 1£4F VAAY £10.0F 03,8 >

o =+/+8 ghaw y5 (g lolxo 3

b sl BT g 56 5 0 00,8 (22 09,5 n sl a0l (lis @l (F Jgur) 09,5 59 o dnaliia o
P= ) ol plle 098 p Sl & Sond 5 (S JLa3 55 e s g0 5 (58 o) ()15 (SIS j92ee

FA oyl 0B 090 NF+Y ylimo) o) 9 oo olalllao aolilad

(T= ¥/ P=-/.0) (T=-AIY



Oy Kod g By g Y

(8 libiw] Bl il 2 (12S5ko) (298 9 (538 oy (2 53 @Il 9 03,5 (2152 09,5 HLiS 35 0y Ao -F Jgur
Table 4- comparison of center of pressure trajectory between ACLR and healthy during walking and
running (mean # standard deviation)
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