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PURPOSE This study analyzed the relationship between the center of pressure (CoP)
trajectory area and ankle inversion/eversion movement across different walking
speeds and established a new assessment method for predicting ankle instability.

METHODS Twenty-seven healthy young adult males (20 yrs) performed treadmill
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walking trials at three speeds (slow, normal, and fast). Their cumulative CoP trajectory
area and ankle inversion/eversion angles were analyzed, with particular focus on the
third quadrant area (3QA). RESULTS During slow walking, mediolateral CoP range (p
<.05) and 3QA (p < .05) increased significantly compared to normal and fast walking.
Concurrently, ankle inversion/eversion angle (p < .05) and range of motion (p < .05)
also increased. Furthermore, 3QA exhibited significant negative correlations with
maximum ankle eversion angle (p = .001) and eversion angular velocity (p = .005).
CONCLUSIONS This study provides findings that the CoP trajectory’s cumulative area,

specifically 3QA, serves as a critical predictor of ankle joint eversion kinematics. These
findings have potential implications for ankle instability assessment, prevention,
footwear design, and rehabilitation protocols.
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Fig. 1. Visualization of the calculation process for estimating CoP area
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Fig. 2. Visualization of the sholelace formula (Barden, 1986; Gil et al.,
2019)

HE3S Gil et al.(2019)9] A+E 7|22 AFESIITHFigure 2).
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Ankle Eversion =arctan2((S, X R,)-n, S,-R,)

Table 1. Comparison of CoP variables between gait speed

B2 Ao AHE B4 #1912 XA F7Hheel contact [HC,
Toe-off [TONOA CoPQl 2 H AAMEHO] W2 CoP9l & - %
HY, T IEREZ, HZ, 499, 44k, Hg 44l

A A=

£ Aol B £k 7o EEE W - 9 2 Zh e, CoP Hl
o] =2 WA Zolg AmKH7] §Ioto] WIESGHFE A (one-
way repeated measure A NOVA)E AA|5I 0™, A HZ(post-
hoc)2 E+= Tukey HSD & AAISHItE 3L, CoP HAA9 ¥4 |
Zo| HETE H I} Q&L s FFHS AR
A FAAE(Step Wise) 02 Th53] A4 (Multiple Regression
Analysis)& AAISI] Z- AR =2 WA g (r)S el
ol A SAE(R)E AW ET. E3h SHW HY] #RAAES
Ueps EAPYAR]4(Variance Inflation Factor, VIF)E A|Alst
o™, VIF X571 4.05 Z23FetA th5-3-44d0 A7 e A2
2 7ot tk(Dattalo, 2013). E3, 3R] A3 g Hdrkoh=
Durbin-Watson %2 AA6tleH, 20| 77h&45 AR gl 4
otttz ojujolet. ojwf, HE SAY §4E2 ¢=.052 A5t

A, B8 &z Hojo] w2 CoP #AIZY w2 WA tigt Z ApAL
9] Ho] zto]E= (Table 1>3} 2t} SWek NWo| 2 CoP ¥
FWwol Hlste] =74 YeldtHp<.05). 3t SWol 3 AHEd CoP
| W22 NWet Fwoll Hlate] A et tHp<.05).

4 rlf fe Ho

CoP variables SW* NW* FW°*

Effect size  Statistical

F P post-hoc

) power
ML CoPrange (cm) 5174072 5.06£0.65  4.6040.57 8204  .001*  ab>c 240 950
QA cumulative 1) yo 777 12744890 1346788 260 772 - 010 089
area of CoP (cm’)
2QAin cumulative ) 13,509 19181982  221747.05 1779 .179 - 064 356
area of CoP (cm”)
3QA in cumulative
Y 27964743 2146+9.75 22284995 6010  .004*  a>bc 188 864
area of CoP (cm”)
AQAmcumulative 1) ye.7 97 1744890  13.46:7.88 260 772 - 010 089

area of CoP (cm’)

SW: slow walking (1.14 m/s), NW: normal walking (1.47 m/s), FW: fast walking (1.74 m/s), CoP: center of pressure, ML: mediolateral,

QA: quadrant area
* indicates statistically significant difference between gait speed
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Table 2. Comparison of ankle joint kinematics at frontal plane between gait speed

Effect size  Statistical

Ankle joint kinematics SW* NW’ F P post-hoc ) power
IN/EV angle at HC (deg) 0.57+4.24  0.00+4.01  -0.174430  5.695  .006* a>c 180 844
IN/EV angle at TO (deg) 1.07+5.51 0.0245.46  -0.34+551  9.677  .000*+  a>bc 271 976
ROM of IN/ EV (deg) 90444276 8.674220  827+2.07  10.184  .000*  a>bc 281 982
Maximum EV angle (deg) -5.57+£2.68 -4.85+2.37 -4.77+£2.32 1.952 152 - .070 .386
Maximum IN angle (deg) ~ 1.86+4.54 1.3843.88 1.16+4.18  3.599  .034* a>c 122 641
x‘i‘;‘i’i‘t’;‘géfg\/;;‘“gu'ar -50.54422.14 -55.88423.88 -60.67426.58  4.885  .0II* c>a 158 781
x‘i‘;‘;’l’t‘;‘(‘é;; ;“gular 56.53+22.16  56.18422.45 53.15422.58  1.784  .178 - 064 357

SW: slow walking (1.14 m/s), NW: normal walking (1.47 m/s), FW: fast walking (1.74 m/s), IN: inversion(+), EV: eversion(-), ROM:

range of motion, HC: heel contact, TO: toe off
* indicates statistically significant difference between gait speed

Table 3. Descriptive information of multiple regression analysis for Maximum EV angle

Independent variables Non-s};andardlzegtzgzzl?z:rtsr Ci:}gﬂiﬂgi}% t P VIF
(constant) -2.764 .698 -3.961 .000
3QA in cumulative area of CoP -.096 .027 -.370 -3.539 .001* 1.000
2=.137,F(1,79)=12.527, p=.001
Durbin-Watson = 2.278
EV: eversion, CoP: center of pressure, QA: quadrant area
* indicates statistically significant difference between gait speed
Table 4. Descriptive information of multiple regression analysis for Maximum EV angular velocity
Independent variables Non-sl;andardlzegtzﬁzizlzﬁt; Cig;i?éﬂi:e(;) t p VIF
(constant) -36.535 7.060 -5.175 .000
3QA in cumulative area of CoP -.802 275 =312 -2.917 .005* 1.000

R?=.097, F(1, 79) = 8.507, p=.005
Durbin-Watson = 1.953

EV: eversion, CoP: center of pressure, QA: quadrant area
* indicates statistically significant difference between gait speed
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