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Functional Evaluation Using Center of Pressure between
Chronic Ankle Instability and Healthy Control
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Purpose: Mechanical and functional ankle instability or combinations of both can contribute to chronic ankle instability
(CAl). Therefore, the purpose of this study was to compare the difference in (1) static and (2) dynamic balance
function between patients with CAl and the controls; (3) to investigate association between balance function and
CAl; and (4) to examine whether balance assessments are valuable for diagnosing CAl.

Methods: This study was conducted on 40 patients with CAl and 40 ankle healthy individuals. All participants
evaluated the Cumberland Ankle Instability Tool questionnaire. Additionally, joint laxity and center of pressure (COP)
during static postural control, anterior landing, and lateral landing were measured using an electronic
pedobarography.

Results: CAl patients showed a larger COP area than controls when performing static postural control (p=0.023)
and lateral landing (p=0.002). As a result of the receiver operation characteristic curve analysis, COP distance, area,
and speed during static postural control and COP area during lateral landing showed low accuracy, indicating that
they are valuable evaluations for the diagnosis of CAl.

Conclusion: Patients with CAl had poor static and dynamic postural control ability. The static posture control and
the lateral landing test had diagnostic significance to evaluate the objective function of CAl.
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Fig. 1. Theoretical models for postural control deficits in
patients with chronic ankle instability.



[=] A=)

olEs 9. VY ¥

0z

gorgy YRIe TR I YBYHES oIgY 715K

re
4
oE
IE

& 249 AAE2AZ T AS

A S AT AR ol F3A
7} H|ws}o] CAI koA 3
w7k Ao A4 oJn)g £A5)

= R
2
Q
:
bed

oy T
o, OiN
BN
i

M1
=

1
HE,

MR ok
ot g
olr =
&

[e]
T

1

ol
12
o,

[y
re
-
im|
0%

e
re
T

¢
;—L.“U-:‘ ok
rio

[©]

of tielstel CAIE Ao At 40753} U,
[go] 2& 1| ol ole 2733 Y

2 Astglon, A7 dAdAte) dut
Table 137} 2t}. CAI S A 7% v 2 (
A2} ol % 21 ol W FpE AR o] Al Bk (

Cumberland Ankle Instability Tool (CAIT) 244 u|qk; (3) 4

i

4

i

(e

ol H

o of
o 1o
o

|o

&

Table 1. Demographic characteristics of the subjects

A 3787 54 U AE7H IS 82 S (4) anterior
drawer 9 talar tilt test 243; (5) W 73 A (inversion tilt angle)°]
8.93° o]Afo| Ay AH} A 9(anterior translation) 5} HAF A|
8.87 mm ©]AFQl T’ AT AL (osteochondral lesion)o] )7
U A4l 579 (general laxity)o] Q= A}, U 2% 0|0t
D54 TEGo] Y= A AT ANA Adstelct
9] B F1E o]fsto] AAH 0 g Ao FolF Yst=
A § T &4 olgo] gl S B, sHA Y

44 olgo] g A9 Astsint
2 AFET U A

AT WA Aol CAl 2 B tRT 5E B7H 2
As}7] Q8] Aol Al AlE & (reliability) 2 Vg (validation)
7t A%, 322 W™ CAIT AEAS A&, HP <t

Characteristic Total CAl group Control group

No. of subjects 80 40 40
Age (years) 27.5+6.7 25.6+7.0 29.445.9
Sex

Male 43 (53.8) 25 (62.5) 18 (45.0)

Female 37 (46.3) 15 (37.5) 22 (55.0)
Height (cm) 170.4+£9.4 173.5+8.4 167.4+9.6
Weight (kg) 66.8+13.7 69.1+12.4 64.5+14.7
Body mass index (kg/m?) 22.8+3.1 22.9+3.0 22.7+3.2
CAIT (score) 20.1+£10.6 10.1£5.1 30.040.0
Inversion tilt angle (°) 7.2+4.6 10.4+4.2 3.9+2.0
Anterior translation (mm) 7.5+£2.0 8.4+£1.6 6.5+£2.0

Values are presented as number only, meanzstandard deviation, or number (%).
CAl: chronic ankle instability, CAIT: Cumberland Ankle Instability Tool.
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Fig. 2. Radiography for stress view. (A) Inversion tilt angle and (B) anterior translation.
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Fig. 3. Landing task for measuring center of pressure. (A) Posterior to anterior landing and (B) medial to lateral landing
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Table 2. Results of independent t-test between patients with CAl and control group

Balance parameter Total CAl group Control group t p-value ES

Static postural control

COP traveled distance (mm) 389.8+206.0 433.0+£225.0 346.7+177.5 1.903 0.061 0.42

COP ellipse area (mm?) 51.4+65.9 68.3+£88.0 54.5+21.8 2.360 0.023+ 0.21

COP speed (mm/sec) 19.56+10.3 21.7£11.3 17.3+8.9 1.915 0.059 0.43
Posterior to anterior landing

COP traveled distance (mm) 291.0+63.1 292.6+71.2 289.5+54.8 0.216 0.829 0.04

COP ellipse area (mm?) 333.6+185.1 356.94228.8 310.4+£126.5 1.123 0.265 0.25

COP speed (mm/sec) 97.0+21 .1 97.5+23.7 96.5+18.3 0.217 0.829 0.04
Medial to lateral landing

COP traveled distance (mm) 303.0+68.0 309.7+70.0 296.4+66.2 0.878 0.382 0.20

COP ellipse area (mm?) 415.0+£221.2 489.1+£259.8 340.9+142.6 3.162 0.002+* 0.70

COP speed (mm/sec) 101.0+£22.7 103.2+23.3 98.8+22.1 0.879 0.382 0.19

Values are presented as meanzstandard deviation.

CAl: chronic ankle instability, COP: center of pressure, ES: effect size (calculated as Cohen’s d).

*p<0.05, »*p<0.01.

3. 84 24

E do|A 43 = Fo]ElL IBM SPSS version 26.0 (IBM
Corp., Armonk, NY, USA)T} R software version 4.0.25 0]-&35}0]
BAEiSIct CAI B 27 7 9BU 714 Bk,
44 9 54 28 529 Aolg vlasl] o) SRR ARe
AABI. a3t =27 |(effect size, ES) 4HE2 18] Coben’s d 415
ol g5t on, BT 7 thadt 2t (1) ES>05 (&, large);
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AN O 2AE Hol M E o ts EXAE
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239 394 249 34 2 B9 79 59 240
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I (receiver operation characteristic curve, ROC curve) £4-&
AAHET. ROC curve= 41 of# HA (area under the curve,
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0.7<AUC<0.9 (%7}, moderate); (3) 0.5<AUC=<0.7 (X<,
low). RIZHIE(sensitivity, Sen)?} E0] % (specificity, Spe)7} &=
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Table 3. Summary of univariate binary logistic regression

Chronic ankle instability

Variable
B SE OR (95% ClI) p-value
During SPC
COP traveled distance 0.002 0.001 1.002 (1.000—1.005) 0.068
COP ellipse area 0.023 0.010 1.023 (1.004—1.043) 0.016+*
COP speed 0.044 0.024 1.045 (0.997—1.096) 0.066
During PAL
COP traveled distance 0.001 0.004 1.001 (0.994—1.008) 0.827
COP ellipse area 0.001 0.001 1.001 (0.999—1.004) 0.270
COP speed 0.002 0.011 1.002 (0.982—1.024) 0.826
During MLL
COP traveled distance 0.003 0.003 1.003 (0.996—1.010) 0.378
COP ellipse area 0.004 0.001 1.004 (1.001—1.007) 0.005%=*
COP speed 0.009 0.010 1.009 (0.989—1.029) 0.378

SE: standard error, OR: odds ratio, Cl: confidence intervals, SPC: static postural control, COP: center of pressure, PAL:
posterior to anterior landing, MLL: medial to lateral landing.

*p<0.05, **p<0.01.

Table 4. Summary of multivariate binary logistic regression

Chronic ankle instability

COP ellipse area

B SE Adjusted OR (95% ClI) p-value
During SPC 0.019 0.010 1.019 (1.000—1.039) 0.048+
During MLL 0.004 0.002 1.004 (1.001—1.007) 0.012x

COP: center of pressure, SE: standard error, OR: odds ratio, Cl: confidence intervals, SPC: static postural control, MLL:

medial to lateral landing.
*p<0.05.

4. CAI RICtX x3tAM

ROC curve £4 A3} o A7] 52 Al COP A2|(AUC,
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COP HA(AUC, 0.671; p=0.005; COV, 40.5; Sen, 55.0%; Spe,
75.0%) (Fig. 5B), COP £E(AUC, 0.631; p=0.040; COV, 12.7;
Sen, 87.5%; Spe, 47.5%) (Fig. 5C) ¥ W& F=E Uttt
29 22 52 A] COP HA(AUC, 0.693; p=0.001; COV, 302.5;
Sen, 80.0%; Spe, 52.5%) E3F ¥ HLLE UeldtKFig. 5B).
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Fig. 5. Results of receiver operating characteristic curves
evaluating to diagnosis chronic ankle instability. (A) COP
traveled distance, (B) ellipse area, and (C) speed during
single leg stance, anterior and lateral landing.

AUC: area under the curve, COP: center of pressure, SPC:
static postural control, PAL: posterior to anterior landing,
MLL: medial to lateral landing.
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