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* A 19-year-old male baseball pitcher visited after a severe ankle sprain during « There was no DVT on ultrasound, and venous insufficiency was found on
running at the field. standing doppler sonography. Especially, superficial small saphenous
vein(SSV) was regurgitated at knee and calf levels.

» Regurgitation type was continuously back flowing.

LLower leg pain | 3

SSV reflux Venotome of SSV

after ankle surgery:

Initially, he was treated with a short leg cast and allowed weight bearing.

* Even 10 days cast immobilization, he had been unable to touch the
ground. The ankle had a severe instability by an ankle drawer test.

We operated his ankle by the anterior talofibular ligament repair at talar

‘ . fﬁ I
neck and the calcaneofibular ligament repair at calcaneal attachment site

|=| ]‘E‘ e % ‘:]_ ] | =] E_ = - 2-1 ]:l]:l |=] x using suture anchors.

15 £ 3 otER 55 AHEX
Past History « Varicose veins can be suspected mainly if engorged vessels are visible out-
Ulnar collateral ligament Reconstruction, 18 months ago. side skin of the calf or thigh, however it was difficult to suspect because typ-

Elbow spur excision, 2 months ago. ical vessel lesions was not visible from the skin.
Hypertension (158/87), Severe fatty liver. Gout (+)
Ht: 180cm, Wt: 95kg * When SSV regurgitates, it usually causes pain and swelling in the calf, ankle
or posterior aspect of the knee. The pain character is very variable. So, it
Post operative rehabilitation was difficult to suspect varicose veins in these young athletes, immediately.

Allowed full weight bearing at 2 weeks
Ankle strengthening and balance exercise was started at 4 weeks

He felt a minor discomfort around the ankle at 8 weeks, and his ankle active
motor power was relatively weak.

His ankle pain come out during running and ankle strengthening exercises,
and the pain increased as the amount of exercise was increased. Sometimes,
calf pain occurred at the same time. So, it was difficult to increase the working
load.

There were no specific findings in ankle ultrasonography.

Ankle stability is also stable. « The patient was transferedtothe ~ « After 1 month of the procedure,
Department of Thoracic Sur- the pain decreased from VAS 5 to

He complained of a difference in calf dimension at 12 weeks and said that he gery(vein specialist) and under- 2, and there was no problem

had pain when running on anti-gravity treadmill even for 5 minutes. went the procedure to varicose when running 3km.

veins at post-operative 6 months.

We evaluated the deep vein thrombosis(DVT) and other vascular disease. G 3
He returned to full competition in

92

Kim Jin Su, MD, phD
Kim Sang Bum, MD
Cha Min Seok, MD
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The procedure was performed
with local anesthesia, through the
SSV at malleolar are, a vein
sheath was inserted, and cyano-
acrylate(VenaSeal) was injected to
close the vessel(Left). The SSV
was closed tightly(Right).

about 9 months after ankle sur-
gery and about 3 months after
varicose vein procedure.

Even young athletes should con-
sider varicose veins as a differen-
tial diagnosis of lower extremity
pain in patients with a history of
surgery, high BMI, hypertension,
or fatty liver.
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Tortuosity angle on

CFL. MRI and Stress
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Kim Jin Su, MD, phD
Kim Sang Bum, MD

Board Certified Specialist in Sports Medicine
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Dx of Chronic
Ankle Instability
(CAI)

CFL view: 45° Oblique coronal plane

Full length view / Sharp margin / Tortuosity angle

Purpose & Materials

» Comparison of CAl vs Normal patient’s tortuosity angle on MRI oblique coronal CFL view

» Comparison of tortuosity angle on MRI oblique coronal CFL view and stress view x-ray,
manual exam, clinical score, strength of CAl

* Mar. 2020 to May.
ication, MBO
lles rupture on No sprain Hx.

* Retrospective study

Materials & Methods; Evaluation in CAIl

« Biodex 30°/sec peak Torq
Variables
« CAIT

(Cumberland Ankle Instability tool)

* St

Height

Weight

Results; CAl vs Control group / Cut off value

Variables

76.5+183 31.9+54

MRI
Tortuosity angle

Tortuosity angle > 39°

* MRI CFL to

Evertor strength deficit in CAl group

: Average 22.8% deficit

Correlation with parameter
Talar tiflt Stress Talar tift Stres ADT
Age
Talar tilt
Stress Tolar tilt

Stress ADT

Discussion

Future study: Post op evaluation
Peroneal strength?

Conclusions

osity angle
Normal:
CAIl > 38°

Y

« Correlate with stress parameter

Power deficit
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Functional Evaluation Using Center of Pressure between
Chronic Ankle Instability and Healthy Control

Dong Wook Lee'”, Hyung Gyu Jeon'”, Byung Hun Kim™, Sae Yong Lee'*”, Jin Su Kim’

'Departmem of Physical Education, Yonsei University, Seoul, 2Se jong Sports Medicine & Performance Center, Seoul,
*International Olympic Committee Research Centre Korea, Seoul, “Department of Sports Medicine, Dongguk University,
Wise Campus, Gyeongiu, *Institute of Convergence Science, Yonsei University, Seoul, Korea

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 CAI.

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.

Keywords: Center of pressure, Chronic ankle instability, Foot scan, Functional test, Pedobarography
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M B

9% UE B(lateral ankle sprain)= AX 2 FF|A A5
Uehhs aou!, 257] $Bol4 WAish= BE AR HAto)
73%% AN, 92 ¢= GHE AU 49 Hof 10%7}
uhA HHE B0k A (chronic ankle instability, CAI)O.2 o}3}%]
5 AT, 95449 B 8% 3 150] WEZHQ 92 35
A2 ZPAY. 27] 9E 4F 3 PP CA: HERE
TEH oHAL, 55, W 9, 95 7158 dA% &2
Yejsta Z4Eo] WEAog WS S0 CAl: Tot
A7t B2 AEAE 5o A & o, $A47t Aok
YEREY 55 ¢ 7152 ABF o Prisio] B

CAK:= 714 £317/d(mechanical instability)Th 7154 &<t
34 (fimctional instability), 18] 11 5 72 ¥4 Hej7t B3t
Hog g3t Ao WS & At 714 UE B
27] 9% ¥ ¥59 S FANTFE 959 A A
5 AR 1289 &0z Qlsto A, ol UE Y
AL S HEGY. F, 4 T2 GHE A3 92
Adf 9 Fote]X(peroneus)®] 0] EAE Aol HolUAY
A U Y] H97t S7tete] HHEAQ UE 9% 9
CAIZH 2R + 9t

7153 B 1584 AT A2 Aees
Ak BE B B A4 9F A3 $HEYU FAL
2 AR, 7144 BHAS Hol: CAl §Rle] 4$ 7144
EQHA T o 753 £ S BHlste] o s
AT & Y. CAl YASANAA Yehte dEd3l 7%
Bl 73 589 &4, ol= AT Bofie 253l
2 %) 95 o] £ 7HA] 2&L PR EUAY ¥llo]
g 4 . E3L CAI SAEL 7150129 28 At
3 2% 2499 =3 vk AR YEpf=d, oj2dt 2918
HE ARHE A% 27 &4o] 47 2E XA YFE
F0E CAIA #32 FASH: H 285 AlZto] 403
A

CAI®) 28 58 2¥e ZA 1 3T 4% 23 3AN'Y
9 ok #38 A A}(star excursion balance test, SEBT)S 0|83t
54 #9 AACE 2 A9t 1% 54 39 582 43
79 5880 CAlY 23U} & #eo| Y. E3), Fhit
A FAL TR T3 AX 20 9 2AY F S,
71eA BE A A R FA] A 3P AdE:
ol 9E ¥ 2& 9 UE dqe 15584 AF déol
Yolo] Hck, oj9} vl&SHA AAZET} CAIA BE 99|
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Q747 (anterior tibialis), 71Fote], & FHA|L(gastro-
cnemius) 59| 2% YAT} Rk Fip} BuEQg”. B3
CAIS T35 47425 Aol 31X 1084 44 &4
ARE 23 &4 TEd”.

CAI9) % 784 A Al 2% (center of pressure,
COP)9] ¥ig} 5o {3t A7} AA, B4 L Fkshe
AFE FEST R AT FUH do|xel By
%=} k. 22y 9% L dF S 9F5FHo|x IeE
9 AAYE Al SR, 24 TR 7133} FARE SFA
73 590l UEA gs) & P87} UckFig 1). EZE, SEBT
5 B30 E8shs FAe 9 SN 28 589 4F
£ AT F o, 5& £ F Uit 349 23YS
£43}7]0] AdFo[ct. E3L, COPY o] 54E, WA} 22
AU A Y H(qualityyE HE 4 Y2BZ CAI §A9
7153 48 59 ££2 B/, R MUEE ol83td
A%d Aol 2AH=7] FAY Fa7} Aot

£ 47 BA2 A A] FARS A3l 7144 B
B4kt CAI 849 COP S4& 3R13) Bo24 24| 579
cop ¥sprt A3 7437t QA Yotz stgch. A+
M3 g3t 2tk (1) 7148 Zéo] Y& CAI BAE 33
T3 23 A A4 223} v|@sto] coP Ao} Wzje] 31
&£5& w8 Aot 2) 71413 Z&o] U CAI RE 53
3 530N 4 dxZ v|wsle] Cop Ale wHo] 31
&&= 8k Rolok; (3) CoP ’¥iQl 5 PH= 7144 EXAE
B CAI'ZA A8z 93 vld Aol (4) B4 43
9 23] A CoP A, WA, &5t 7144 EXFAL BNt
CAIE Adeie T32 AT Aol

I Lateral ankle sprain I
h 4

I Recurrent ankle sprains I
b

Chronic ankle instability
- Pathomechanical Impairments
+ Sensory-perceptual Impairments
- Motor-behavioral Impairments
b
Postural control deficits

- Static balance
- Dynamic balance

Fig. 1. Theoretical models for postural control deficits in
patients with chronic ankle instability.

oSS 9. U WS AN VXY UIEZ T YAZANE 018 JIsH I

a7 44

€ FTE CAIR AE 249 AF2E24Y9ode WY
PR QG T v A NS QAT HRE oY ¥
oln] 33 dxZt vlaste] CAl FA2oA 34 4 54
#9583 7153 B2t 2] A v B4R

1. A3 iy

£ Q7= B0 YYste] CAIE ATk 34} 4093} 3E,
75 59 F4 olgo] A4 19 o4 gl AT A4 2
403 o2 AFPsjlon], A+ A gty 542
Table 13} Zth. CAI §4t9] A 7182 o2t Ztk: (1) 32
AF o|F 24 o]} WE AT T Fo| U= VA ()
Cumberland Ankle Instability Tool (CAIT) 243 B¢ (3) F4

Table 1. Demographic characteristics of the subjects

A 374EZ B4 EE QF7E DAY o ¥R (@) anterior
drawer U talar tilt test 4; (5) U/¥ B ZH(inversion tilt angle)]
8.93° o]Ato] At A4} 29 (anterior translation) £33t HA} A|
887 mm ©J4}Q] BA}". FAZ 2L (osteochondral lesion)o] YA
U A4 f- 84 (general laxity)o] Y= B4}, EE & ooy
54 G| U= BF A A ALJsigict dix
9 B9 B1E o] 83l AFHOR Ao Folg BYdh=
A 5 35 &4 o9 gle e A8, 349
F¢ olgo| A= 9= At

2 ATET U Wi

AT g2 ALolA CAI L B 2F RE Bt 4
Ast7] ) lgARNA 412 (reliability) 3 EFE X (validation)
7t 23, ¥22 HE CAIT HEAE A3t g9t

Characteristic Total CAl group Control group

No. of subjects 80 40 40
Age (years) 27.5£6.7 25.6+7.0 29.4+5.9
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 10.145.1 30.0£0.0
Inversion tilt angle (°) 7.2+4.6 10.41+4.2 3.94+2.0
Anterior translation (mm) 7.5+2.0 8.4+1.6 6.5+2.0

Values are presented as number only, mean+standard deviation, or number (%).
CAl: chronic ankle instability, CAIT: Cumberland Ankle Instability Tool.

Fig. 2. Radiography for stress view. (A) Inversion tilt angle and (B) anterior translation.
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AE7} oeHy AANE AARE F A4 FoAHAEHA WA
A 2YE AFs 714 BE ofig wLsigTh A dRt
T EFEUIA szt 24 sto] EHE5S AN F A4
R &3 48 58 BAE s

1) Y Haot HAt

U5 71Ad EAH848Y B7hs F3t HAY| (Telometer,
Daiseung Medics, Seoul, Korea)S o]-85}0] ZA43l1 W&
W BAZ A B E 200 7Hg AEEH Sto] 13T
Aemorice view)2. 15 GaNS| 3518 st B
G T(degree, ) ZA45}UT PACS View ZEI1Y
(Viewrex3, Techheim, Seoul, Korea)& 0|83} W& 7w
D9 B o 9 ular dome) 21 SIS Fig
24)% W % o)F PAR: A7 FIR0A 15 daNS| R3S
014 38 AL B3l view S, B mmz
25T A8 23 AU BRI e
RE ARG $4 AE 245 9(Fig. 2B)”.

) 34 0¥ 59 A

UE 7153 AA 5 34 78 5Y& B FA= RS sean
system (10 m Entry, 1,068x418 mm; Rs Scan, Beringen, Belgium)
< Agat] | 200 Hzo] A7 52 819719 AA7F £ S
A8t XARS AMESH] 3 A7) B3 A ste] 2027k
SA319T" 342 Wuke Aty A4 & PRE R A7)
& &3 %t 24 Al 97 A S30A o= 39
FSH 4 (knee jointy> 90°2 233 -, &2 3] YAAFT
A3 7% 58 FA= COP 0% 7 2(traveled distance, mm),
BHe) B4 (ellipse area, mm’), ©|F 41 (speed, mm/sec) ML

S4stan.
3) 34 v 59 A

3 79 582 A 522 5 31N, AN
5 cm Fjo] YIA1% 20 om ol A HAZ o] @A,
74} (posterior to anterior) ZX|(Fig. 3A)2} & H(medial to lateral)
7] F&(Fig 3By 374ot5lct A4 AF0e 327 345K
1,374 A 289 d42 APt 54 49 59 AAe
F 3% &7 57 Al COP o|F AT, BHY HE, o]F &%
AAE 45 ATkFig. 4).

Fig. 4. Center of pressure path in electronic pedobaro-
graphy. (A) Posterior to anterior landing and (B) medial to
lateral landing.

Fig. 8. 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+206.0 433.04225.0 346.7£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) 19.54£10.3 21.7£11.3 17.348.9 1.915 0.059 0.43
Posterior to anterior landing

COP traveled distance (mm)  291.0463.1 292.6+71.2 289.5+54.8 0.216 0.829 0.04

COP ellipse area (mm?) 333.6+£185.1 356.9+228.8 310.4+£126.5 1.123 0.265 0.25

COP speed (mm/sec) 97.0£21.1 97.5423.7 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 0.002x* 0.70

COP speed (mm/sec) 101.0+22.7 103.2+£23.3 98.8+£22.1 0.879 0.382 0.18

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 3¢ o] IBM SPSS version 26.0 (IBM
Corp., Amonk, NY, USA)¥} R software version 4.025 ©]-85}0]
S48 CAI SRt dix 7+ =3 7|48 B4,
33 9 53 7% 589 Aol Hwsly] 9 SHEE HBLS
AABI. A3} 7 (effect size, BS) 4152 913 Cohen’s d 3412
ol g3tglen, £5 7152 o3t 2tk (1) ES>05 (, large);
(2) 0.2<ES<0.5 (37} medium); (3) ES<0.2 (&<, small).
CAI o9} AT ¥Q1E 37] 918 WA 42t Riso] o3
g 2AAE SARNE AFSRT. DS 244 37
EA0A fT 3L HQ ¥E g R gF 2AAY
3AEAE Aot BAE 2] (odds ratio, OR)E 2153
o SEHA B4 A4 33 1 54 79 58 At
CAI A3 d#4o] A=A A% A3 #47 2% 54
I Al(receiver operation characteristic curve, ROC curve) £4&
AT, ROC curvel= 24 of2 2 (area under the curve,
AUC)o] et A FAYE R, 0.5 7j&ME
A% 92 FHo] FA=olok gu] U&= AARIolt & £ Ut
£5 7182 o33} Zt) (1) 0.9<AUCK1.0 (352, high); (2)
0.7<AUC<09 (%7} moderate); (3) 0.5<AUC=<0.7 (¥<,
low). T17-% (sensitivity, Sen)?} E0] = (specificity, Spe)7} &<
3|3 9] dkgi(cutoff value, COV)YZ Ut} $49 foE
2 p<0.052 H73Act.

2 o

1. 85 #8 X3 A| COp H|W

CAIOJA 3 A7) 5 43 A] 2 & Y2 COoP
HA S B Omi(=2360, p=0.023), $7 A 7|5 BATKES,
021). COP Azl &&= F A 7 9% Aol7} iickp>
0.05) (Table 2).

2. 85 #8 =3 A COP H|1

A A 57 A COP A, W3, £ ¥AE I
7k Zo) 7k VERHA] 9Stth(p>0.05). CAIOJA W &7 &
28 A g2FHEd § Y2 CoP WAL HAon|(=3.162,
p=0.002), & &3} 37]& BERUTHES, 0.70) (Table 2).

3. CAI &Y 9I8x 24

CAIZ A S+ ¥US U 23, 3 A7) 55 A
COP B&(p=0016)7 W AA] 52 A AH(p=0.005) HUo]A]
FroJ3t At EpTHTable 3). S 2AAE 3|HEA0A
T 27E B HUASE o8l tF EAAY IHEY
2 583 A} i A7) 52 A COP B (adjusted OR, 1.019;
95% confidence interval [CI], 1.000-1.039; p=0.048)3} &% %]
S A] COP WA (adjusted OR, 1.004; 95% CI, 1.001-1.007;
p=0.012) §¥iQlo] CAI AT 93] AN 7158 AAR Uehidt
(Table 4).
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Table 3. Summary of univariate binary logistic regression

Chronic ankle instability

Variable
B SE

During SPC

COP traveled distance 0.002 0.001

COP ellipse area 0.023 0.010

COP speed 0.044 0.024
During PAL

COP traveled distance 0.001 0.004

COP ellipse area 0.001 0.001

COP speed 0.002 0.011
During MLL

COP traveled distance 0.003 0.003

COP ellipse area 0.004 0.001

COP speed 0.009 0.010

OR (95% Cl) p-value
1.002 (1.000—1.005) 0.068
1.023 (1.004—1.043) 0.016%
1.045 (0.997 —1.096) 0.066
1.001 (0.994—1.008) 0.827
1.001 (0.999—1.004) 0.270
1.002 (0.982—1.024) 0.826
1.003 (0.996—1.010) 0.378
1.004 (1.001—1.007) 0.005%*
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% CI) p-value
During SPC 0.019 0.010 1.018 (1.000—1.039) 0.048+
During MLL 0.004 0.002 1.004 (1.001—1.007) 0.012+

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 ZEHH M@y

ROC curve 4 23} 3 A7) F& Al COP AZ(AUC,

0.631; p=0.040; COV, 253.5; Sen, 87.5%; Spe, 47.5%) (Fig. 5A),
COP WH(AUC, 0.671; p=0.005; COV, 40.5; Sen, 55.0%; Spe,
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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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* A 19-year-old male baseball pitcher visited after a severe ankle sprain during « There was no DVT on ultrasound, and venous insufficiency was found on
running at the field. standing doppler sonography. Especially, superficial small saphenous
vein(SSV) was regurgitated at knee and calf levels.

» Regurgitation type was continuously back flowing.

LLower leg pain | 3

SSV reflux Venotome of SSV

after ankle surgery:

Initially, he was treated with a short leg cast and allowed weight bearing.

* Even 10 days cast immobilization, he had been unable to touch the
ground. The ankle had a severe instability by an ankle drawer test.

We operated his ankle by the anterior talofibular ligament repair at talar

‘ . fﬁ I
neck and the calcaneofibular ligament repair at calcaneal attachment site

|=| ]‘E‘ e % ‘:]_ ] | =] E_ = - 2-1 ]:l]:l |=] x using suture anchors.

15 £ 3 otER 55 AHEX
Past History « Varicose veins can be suspected mainly if engorged vessels are visible out-
Ulnar collateral ligament Reconstruction, 18 months ago. side skin of the calf or thigh, however it was difficult to suspect because typ-

Elbow spur excision, 2 months ago. ical vessel lesions was not visible from the skin.
Hypertension (158/87), Severe fatty liver. Gout (+)
Ht: 180cm, Wt: 95kg * When SSV regurgitates, it usually causes pain and swelling in the calf, ankle
or posterior aspect of the knee. The pain character is very variable. So, it
Post operative rehabilitation was difficult to suspect varicose veins in these young athletes, immediately.

Allowed full weight bearing at 2 weeks
Ankle strengthening and balance exercise was started at 4 weeks

He felt a minor discomfort around the ankle at 8 weeks, and his ankle active
motor power was relatively weak.

His ankle pain come out during running and ankle strengthening exercises,
and the pain increased as the amount of exercise was increased. Sometimes,
calf pain occurred at the same time. So, it was difficult to increase the working
load.

There were no specific findings in ankle ultrasonography.

Ankle stability is also stable. « The patient was transferedtothe ~ « After 1 month of the procedure,
Department of Thoracic Sur- the pain decreased from VAS 5 to

He complained of a difference in calf dimension at 12 weeks and said that he gery(vein specialist) and under- 2, and there was no problem

had pain when running on anti-gravity treadmill even for 5 minutes. went the procedure to varicose when running 3km.

veins at post-operative 6 months.

We evaluated the deep vein thrombosis(DVT) and other vascular disease. G 3
He returned to full competition in

92

Kim Jin Su, MD, phD
Kim Sang Bum, MD
Cha Min Seok, MD

* PARTO04 < INFOGRAPIC
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The procedure was performed
with local anesthesia, through the
SSV at malleolar are, a vein
sheath was inserted, and cyano-
acrylate(VenaSeal) was injected to
close the vessel(Left). The SSV
was closed tightly(Right).

about 9 months after ankle sur-
gery and about 3 months after
varicose vein procedure.

Even young athletes should con-
sider varicose veins as a differen-
tial diagnosis of lower extremity
pain in patients with a history of
surgery, high BMI, hypertension,
or fatty liver.
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Tortuosity angle on

CFL. MRI and Stress
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Kim Jin Su, MD, phD
Kim Sang Bum, MD

Board Certified Specialist in Sports Medicine
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Dx of Chronic
Ankle Instability
(CAI)

CFL view: 45° Oblique coronal plane

Full length view / Sharp margin / Tortuosity angle

Purpose & Materials

» Comparison of CAl vs Normal patient’s tortuosity angle on MRI oblique coronal CFL view

» Comparison of tortuosity angle on MRI oblique coronal CFL view and stress view x-ray,
manual exam, clinical score, strength of CAl

* Mar. 2020 to May.
ication, MBO
lles rupture on No sprain Hx.

* Retrospective study

Materials & Methods; Evaluation in CAIl

« Biodex 30°/sec peak Torq
Variables
« CAIT

(Cumberland Ankle Instability tool)

* St

Height

Weight

Results; CAl vs Control group / Cut off value

Variables

76.5+183 31.9+54

MRI
Tortuosity angle

Tortuosity angle > 39°

* MRI CFL to

Evertor strength deficit in CAl group

: Average 22.8% deficit

Correlation with parameter
Talar tiflt Stress Talar tift Stres ADT
Age
Talar tilt
Stress Tolar tilt

Stress ADT

Discussion

Future study: Post op evaluation
Peroneal strength?

Conclusions

osity angle
Normal:
CAIl > 38°

Y

« Correlate with stress parameter

Power deficit
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Functional Evaluation Using Center of Pressure between
Chronic Ankle Instability and Healthy Control

Dong Wook Lee'”, Hyung Gyu Jeon'”, Byung Hun Kim™, Sae Yong Lee'*”, Jin Su Kim’

'Departmem of Physical Education, Yonsei University, Seoul, 2Se jong Sports Medicine & Performance Center, Seoul,
*International Olympic Committee Research Centre Korea, Seoul, “Department of Sports Medicine, Dongguk University,
Wise Campus, Gyeongiu, *Institute of Convergence Science, Yonsei University, Seoul, Korea

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 CAI.

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.

Keywords: Center of pressure, Chronic ankle instability, Foot scan, Functional test, Pedobarography
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M B

9% UE B(lateral ankle sprain)= AX 2 FF|A A5
Uehhs aou!, 257] $Bol4 WAish= BE AR HAto)
73%% AN, 92 ¢= GHE AU 49 Hof 10%7}
uhA HHE B0k A (chronic ankle instability, CAI)O.2 o}3}%]
5 AT, 95449 B 8% 3 150] WEZHQ 92 35
A2 ZPAY. 27] 9E 4F 3 PP CA: HERE
TEH oHAL, 55, W 9, 95 7158 dA% &2
Yejsta Z4Eo] WEAog WS S0 CAl: Tot
A7t B2 AEAE 5o A & o, $A47t Aok
YEREY 55 ¢ 7152 ABF o Prisio] B

CAK:= 714 £317/d(mechanical instability)Th 7154 &<t
34 (fimctional instability), 18] 11 5 72 ¥4 Hej7t B3t
Hog g3t Ao WS & At 714 UE B
27] 9% ¥ ¥59 S FANTFE 959 A A
5 AR 1289 &0z Qlsto A, ol UE Y
AL S HEGY. F, 4 T2 GHE A3 92
Adf 9 Fote]X(peroneus)®] 0] EAE Aol HolUAY
A U Y] H97t S7tete] HHEAQ UE 9% 9
CAIZH 2R + 9t

7153 B 1584 AT A2 Aees
Ak BE B B A4 9F A3 $HEYU FAL
2 AR, 7144 BHAS Hol: CAl §Rle] 4$ 7144
EQHA T o 753 £ S BHlste] o s
AT & Y. CAl YASANAA Yehte dEd3l 7%
Bl 73 589 &4, ol= AT Bofie 253l
2 %) 95 o] £ 7HA] 2&L PR EUAY ¥llo]
g 4 . E3L CAI SAEL 7150129 28 At
3 2% 2499 =3 vk AR YEpf=d, oj2dt 2918
HE ARHE A% 27 &4o] 47 2E XA YFE
F0E CAIA #32 FASH: H 285 AlZto] 403
A

CAI®) 28 58 2¥e ZA 1 3T 4% 23 3AN'Y
9 ok #38 A A}(star excursion balance test, SEBT)S 0|83t
54 #9 AACE 2 A9t 1% 54 39 582 43
79 5880 CAlY 23U} & #eo| Y. E3), Fhit
A FAL TR T3 AX 20 9 2AY F S,
71eA BE A A R FA] A 3P AdE:
ol 9E ¥ 2& 9 UE dqe 15584 AF déol
Yolo] Hck, oj9} vl&SHA AAZET} CAIA BE 99|
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Q747 (anterior tibialis), 71Fote], & FHA|L(gastro-
cnemius) 59| 2% YAT} Rk Fip} BuEQg”. B3
CAIS T35 47425 Aol 31X 1084 44 &4
ARE 23 &4 TEd”.

CAI9) % 784 A Al 2% (center of pressure,
COP)9] ¥ig} 5o {3t A7} AA, B4 L Fkshe
AFE FEST R AT FUH do|xel By
%=} k. 22y 9% L dF S 9F5FHo|x IeE
9 AAYE Al SR, 24 TR 7133} FARE SFA
73 590l UEA gs) & P87} UckFig 1). EZE, SEBT
5 B30 E8shs FAe 9 SN 28 589 4F
£ AT F o, 5& £ F Uit 349 23YS
£43}7]0] AdFo[ct. E3L, COPY o] 54E, WA} 22
AU A Y H(qualityyE HE 4 Y2BZ CAI §A9
7153 48 59 ££2 B/, R MUEE ol83td
A%d Aol 2AH=7] FAY Fa7} Aot

£ 47 BA2 A A] FARS A3l 7144 B
B4kt CAI 849 COP S4& 3R13) Bo24 24| 579
cop ¥sprt A3 7437t QA Yotz stgch. A+
M3 g3t 2tk (1) 7148 Zéo] Y& CAI BAE 33
T3 23 A A4 223} v|@sto] coP Ao} Wzje] 31
&£5& w8 Aot 2) 71413 Z&o] U CAI RE 53
3 530N 4 dxZ v|wsle] Cop Ale wHo] 31
&&= 8k Rolok; (3) CoP ’¥iQl 5 PH= 7144 EXAE
B CAI'ZA A8z 93 vld Aol (4) B4 43
9 23] A CoP A, WA, &5t 7144 EXFAL BNt
CAIE Adeie T32 AT Aol

I Lateral ankle sprain I
h 4

I Recurrent ankle sprains I
b

Chronic ankle instability
- Pathomechanical Impairments
+ Sensory-perceptual Impairments
- Motor-behavioral Impairments
b
Postural control deficits

- Static balance
- Dynamic balance

Fig. 1. Theoretical models for postural control deficits in
patients with chronic ankle instability.

oSS 9. U WS AN VXY UIEZ T YAZANE 018 JIsH I

a7 44

€ FTE CAIR AE 249 AF2E24Y9ode WY
PR QG T v A NS QAT HRE oY ¥
oln] 33 dxZt vlaste] CAl FA2oA 34 4 54
#9583 7153 B2t 2] A v B4R

1. A3 iy

£ Q7= B0 YYste] CAIE ATk 34} 4093} 3E,
75 59 F4 olgo] A4 19 o4 gl AT A4 2
403 o2 AFPsjlon], A+ A gty 542
Table 13} Zth. CAI §4t9] A 7182 o2t Ztk: (1) 32
AF o|F 24 o]} WE AT T Fo| U= VA ()
Cumberland Ankle Instability Tool (CAIT) 243 B¢ (3) F4

Table 1. Demographic characteristics of the subjects

A 374EZ B4 EE QF7E DAY o ¥R (@) anterior
drawer U talar tilt test 4; (5) U/¥ B ZH(inversion tilt angle)]
8.93° o]Ato] At A4} 29 (anterior translation) £33t HA} A|
887 mm ©J4}Q] BA}". FAZ 2L (osteochondral lesion)o] YA
U A4 f- 84 (general laxity)o] Y= B4}, EE & ooy
54 G| U= BF A A ALJsigict dix
9 B9 B1E o] 83l AFHOR Ao Folg BYdh=
A 5 35 &4 o9 gle e A8, 349
F¢ olgo| A= 9= At

2 ATET U Wi

AT g2 ALolA CAI L B 2F RE Bt 4
Ast7] ) lgARNA 412 (reliability) 3 EFE X (validation)
7t 23, ¥22 HE CAIT HEAE A3t g9t

Characteristic Total CAl group Control group

No. of subjects 80 40 40
Age (years) 27.5£6.7 25.6+7.0 29.4+5.9
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 10.145.1 30.0£0.0
Inversion tilt angle (°) 7.2+4.6 10.41+4.2 3.94+2.0
Anterior translation (mm) 7.5+2.0 8.4+1.6 6.5+2.0

Values are presented as number only, mean+standard deviation, or number (%).
CAl: chronic ankle instability, CAIT: Cumberland Ankle Instability Tool.

Fig. 2. Radiography for stress view. (A) Inversion tilt angle and (B) anterior translation.
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AE7} oeHy AANE AARE F A4 FoAHAEHA WA
A 2YE AFs 714 BE ofig wLsigTh A dRt
T EFEUIA szt 24 sto] EHE5S AN F A4
R &3 48 58 BAE s

1) Y Haot HAt

U5 71Ad EAH848Y B7hs F3t HAY| (Telometer,
Daiseung Medics, Seoul, Korea)S o]-85}0] ZA43l1 W&
W BAZ A B E 200 7Hg AEEH Sto] 13T
Aemorice view)2. 15 GaNS| 3518 st B
G T(degree, ) ZA45}UT PACS View ZEI1Y
(Viewrex3, Techheim, Seoul, Korea)& 0|83} W& 7w
D9 B o 9 ular dome) 21 SIS Fig
24)% W % o)F PAR: A7 FIR0A 15 daNS| R3S
014 38 AL B3l view S, B mmz
25T A8 23 AU BRI e
RE ARG $4 AE 245 9(Fig. 2B)”.

) 34 0¥ 59 A

UE 7153 AA 5 34 78 5Y& B FA= RS sean
system (10 m Entry, 1,068x418 mm; Rs Scan, Beringen, Belgium)
< Agat] | 200 Hzo] A7 52 819719 AA7F £ S
A8t XARS AMESH] 3 A7) B3 A ste] 2027k
SA319T" 342 Wuke Aty A4 & PRE R A7)
& &3 %t 24 Al 97 A S30A o= 39
FSH 4 (knee jointy> 90°2 233 -, &2 3] YAAFT
A3 7% 58 FA= COP 0% 7 2(traveled distance, mm),
BHe) B4 (ellipse area, mm’), ©|F 41 (speed, mm/sec) ML

S4stan.
3) 34 v 59 A

3 79 582 A 522 5 31N, AN
5 cm Fjo] YIA1% 20 om ol A HAZ o] @A,
74} (posterior to anterior) ZX|(Fig. 3A)2} & H(medial to lateral)
7] F&(Fig 3By 374ot5lct A4 AF0e 327 345K
1,374 A 289 d42 APt 54 49 59 AAe
F 3% &7 57 Al COP o|F AT, BHY HE, o]F &%
AAE 45 ATkFig. 4).

Fig. 4. Center of pressure path in electronic pedobaro-
graphy. (A) Posterior to anterior landing and (B) medial to
lateral landing.

Fig. 8. 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+206.0 433.04225.0 346.7£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) 19.54£10.3 21.7£11.3 17.348.9 1.915 0.059 0.43
Posterior to anterior landing

COP traveled distance (mm)  291.0463.1 292.6+71.2 289.5+54.8 0.216 0.829 0.04

COP ellipse area (mm?) 333.6+£185.1 356.9+228.8 310.4+£126.5 1.123 0.265 0.25

COP speed (mm/sec) 97.0£21.1 97.5423.7 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 0.002x* 0.70

COP speed (mm/sec) 101.0+22.7 103.2+£23.3 98.8+£22.1 0.879 0.382 0.18

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 3¢ o] IBM SPSS version 26.0 (IBM
Corp., Amonk, NY, USA)¥} R software version 4.025 ©]-85}0]
S48 CAI SRt dix 7+ =3 7|48 B4,
33 9 53 7% 589 Aol Hwsly] 9 SHEE HBLS
AABI. A3} 7 (effect size, BS) 4152 913 Cohen’s d 3412
ol g3tglen, £5 7152 o3t 2tk (1) ES>05 (, large);
(2) 0.2<ES<0.5 (37} medium); (3) ES<0.2 (&<, small).
CAI o9} AT ¥Q1E 37] 918 WA 42t Riso] o3
g 2AAE SARNE AFSRT. DS 244 37
EA0A fT 3L HQ ¥E g R gF 2AAY
3AEAE Aot BAE 2] (odds ratio, OR)E 2153
o SEHA B4 A4 33 1 54 79 58 At
CAI A3 d#4o] A=A A% A3 #47 2% 54
I Al(receiver operation characteristic curve, ROC curve) £4&
AT, ROC curvel= 24 of2 2 (area under the curve,
AUC)o] et A FAYE R, 0.5 7j&ME
A% 92 FHo] FA=olok gu] U&= AARIolt & £ Ut
£5 7182 o33} Zt) (1) 0.9<AUCK1.0 (352, high); (2)
0.7<AUC<09 (%7} moderate); (3) 0.5<AUC=<0.7 (¥<,
low). T17-% (sensitivity, Sen)?} E0] = (specificity, Spe)7} &<
3|3 9] dkgi(cutoff value, COV)YZ Ut} $49 foE
2 p<0.052 H73Act.

2 o

1. 85 #8 X3 A| COp H|W

CAIOJA 3 A7) 5 43 A] 2 & Y2 COoP
HA S B Omi(=2360, p=0.023), $7 A 7|5 BATKES,
021). COP Azl &&= F A 7 9% Aol7} iickp>
0.05) (Table 2).

2. 85 #8 =3 A COP H|1

A A 57 A COP A, W3, £ ¥AE I
7k Zo) 7k VERHA] 9Stth(p>0.05). CAIOJA W &7 &
28 A g2FHEd § Y2 CoP WAL HAon|(=3.162,
p=0.002), & &3} 37]& BERUTHES, 0.70) (Table 2).

3. CAI &Y 9I8x 24

CAIZ A S+ ¥US U 23, 3 A7) 55 A
COP B&(p=0016)7 W AA] 52 A AH(p=0.005) HUo]A]
FroJ3t At EpTHTable 3). S 2AAE 3|HEA0A
T 27E B HUASE o8l tF EAAY IHEY
2 583 A} i A7) 52 A COP B (adjusted OR, 1.019;
95% confidence interval [CI], 1.000-1.039; p=0.048)3} &% %]
S A] COP WA (adjusted OR, 1.004; 95% CI, 1.001-1.007;
p=0.012) §¥iQlo] CAI AT 93] AN 7158 AAR Uehidt
(Table 4).
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Table 3. Summary of univariate binary logistic regression

Chronic ankle instability

Variable
B SE

During SPC

COP traveled distance 0.002 0.001

COP ellipse area 0.023 0.010

COP speed 0.044 0.024
During PAL

COP traveled distance 0.001 0.004

COP ellipse area 0.001 0.001

COP speed 0.002 0.011
During MLL

COP traveled distance 0.003 0.003

COP ellipse area 0.004 0.001

COP speed 0.009 0.010

OR (95% Cl) p-value
1.002 (1.000—1.005) 0.068
1.023 (1.004—1.043) 0.016%
1.045 (0.997 —1.096) 0.066
1.001 (0.994—1.008) 0.827
1.001 (0.999—1.004) 0.270
1.002 (0.982—1.024) 0.826
1.003 (0.996—1.010) 0.378
1.004 (1.001—1.007) 0.005%*
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% CI) p-value
During SPC 0.019 0.010 1.018 (1.000—1.039) 0.048+
During MLL 0.004 0.002 1.004 (1.001—1.007) 0.012+

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 ZEHH M@y

ROC curve 4 23} 3 A7) F& Al COP AZ(AUC,

0.631; p=0.040; COV, 253.5; Sen, 87.5%; Spe, 47.5%) (Fig. 5A),
COP WH(AUC, 0.671; p=0.005; COV, 40.5; Sen, 55.0%; Spe,
75.0%) (Fig. 5B), COP 4% (AUC, 0.631; p=0.040; COV, 12.7;
Sen, 87.5%; Spe, 47.5%) (Fig. 5C) MY 2 HRTE ekt
2 22 54 A] COP BH(AUC, 0.693; p=0.001; COV, 302.5;
Sen, 80.0% Spe, 52.5%) E3t %2 HYTE YehichFig 5B).

.

2 ATAHE 7S 45T 23 o3} 2ol Yekdth
AR, F20E o183 T A7) AA Al CAZF fRZEG
COP o] Y2 A02 et CAl ¥4 4% 39 Sl
Aste 22 Fleit 24, 38 FA FHoA CAVL f2F
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Br} COP H3o] Y& Z2E Ho} 53 #9 5Yo| $&%
A2 ST A, o A7) 4 F9 2R 2 A| COP
AAL 47 CAI'IA AR 9% viAE A& Yebdth
WA, ROC curve £4& &3 A4 AP 97+ 2 F
A71% &8 FA FHL CAIE ADohe AAR A8E o=
Ao W& FHUTE et & A7 2RE 2AZ 33
2% 4 W A7) FH3t T4 28 S 51 A $2
Al Yete COPe) & B3 7|43 £l A CAIY
E422 ANLA ot

CAl% 29| 33 49 58 vud 23}, CAl= T
A7) §F Al d22EG 9§ Y2 COP d32 Y. ol
CAV} fiZHct A4 EEFS HP3kl] As) o B2 At
o Besy] g Aoz B’ CAI YA 17584
22 Atz A3 A4 ESH(way)ol d2ZET F7HH
ot & A7 YA AYETL FLY CAl AR St
ou FUA 715 WY ot A e B
WA o|Ag7HA] FHRE g2z AASI917] o], CAIS]

0152 9. WY ¥S gAY TN UiEZ U YYFUPYE 018 7Isy F}

>
=
(=]
(=]

J

253.5 (47.5%, 87.5%) P
801 i
&
g 601
8 306.5 ‘,,-'
o 407 725% 400% AUC: 63.1%
lg AUC: 49.8%
201 — — COP distance during SPC
_Er ' —— COP distance during PAL
17 COP distance during MLL

0 20 40 60 80 100
False positive (%)

(@]

100 A
12.7 (47.5%, 87.5%) 2|
80
g %
g o0
=
2 102.8 (72.5%, 40.0%)
o 401 7 AUC: 63.1%
> S AUC: 49.8%
= >
20 4 #7 — COP speed distance during SPC
—— COP speed distance during PAL
1~ COP speed distance during MLL

0 20 40 60 80 100
False positive (%)

A 9 44 48 59 APl b TR FEE A=
Azt

20 A2 5L 58 53 7Y AAME F AG 2
COP HHo]A joj7} Yehitch. ol £ Aol HARE 33
g 53 78 AAIA 7 2 &3 3718 Bo(d=0.70), CAI
e A4 38 FHRT &9 }A 5N 748 599
A7t ZZEck &9 27 53 3 A7) FEEG 95H
A Aol FAfo] WIdiE] dofjuhs Yl S fUY ¢
7] o] 8 & Zo|7t vt Ro2 Bl T3t Alito]
A 2% AXY o 454U 78 58S 2AH] 98 A
T B2 A7 B 4858 L 233497 Wi 3 #Y
SeolA o 2 At yeid Ao Az T A
7] gHo|Ade copel A, B3, AvE RE fol% 23S
A4 Rt YRHHoF FELFoL AR £4 o] F WEQ)
A AL S e, A¥Aog FE% A JuojA
£ FETForIYY B4l AT St A HT
3 27 A FHEDFoLAQ) Aol 9o FES Y3t
8 & & Folt. o] AL 2R A] WEL ¥H5F (dorsiflexion)

B 100-
80
g 40.5 (75.0%, 55.0%) . |
T 60 .5 (75. /-.
'g 7 =
o 404 AUC: 57.1%
'g ) AUC: 48.7
> 203.5 (85.0%, 25.0%)
20 4 — COP area distance during SPC

—— COP area distance during PAL
COP area distance during MLL

0 20 40 60 80 100
False positive (%)

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.

o] H1 FEEFoI At LTEY Al A3l 7198 #
9)7] wjEo]*, FF FuH(anterior to posterior) JLE o] &3}
A7t WA ACE Q79T B3 CAR: EES S
7] 1% Ao g FEHE W JPH (hip joint)yE ZA|of o]§
& 4 o 53] FEUEY B¢ IRy 9F, M52, 42
Z{plantar flexion)2] oIt B S B F e AHEA
A BE 50] ojy7] o] B¢ ¥4 7 A CoPY
At 23 fAH U S 9 Caulfield®} Garrett”™]
2% i A7)0 258 {F dFolME A A CAls
UEY ZAET 427t AL ZaskeY, ofE FEUE
9] & (flexion) A=E F7HIAA BT BAsi. 4]
A EE, BE YBRES W FRY2EA SR AdE:
A9 Y (ground reaction force) AsFsh=d), 0]F s}L}<]
BEY FHYPo| FEIHA EHY AF e TEo| BPEEE
4077 det. CAIY 53 W73 B8 oY 3R] A
oz d%F vIFE & At &5 F¥ol AU BF #E0]
¥ A A4S FEUAT YIEE A% ol8si UE
BA9 B BAsle] FAoke AFE FERE 7FsAol
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At BHE 5 A¥o] FET T AL wud AR E
ST 2N 49 50| ¥A Ued & 7] g ¥
ATFME &5 48T &F FE0l A g 23 239
FYE n| A=A, 283 CAI% AT AEsh=A1E AAtH: A
7t 4ad Aog Bg,

E 7oA £ ROC curve BAL §H A7) 529
COP AE(COV, 253.5 mm), BH(COV, 40.5 mm’), £5(COV,
12.7 mm/sec)2} 29 2] EZ| A4 COP WH(COV, 3025
mm’)fo] AgAH 02 FoJu|3t ZIE BaiZgirt. 3t A7)
AL AR 330 vi3) 43 79 58 sk Aoz
E791T FEHEL 5] BT 99 3§ HHE 33
lo] T WA BARES 94 RIS UERHEY £
g B 2 uigst A0 8 wgE. S 47| $&o)A Cop
Aes} A3, Avcot ¥ 2] FAA] COP WAL ¥
AYEE Yei7] fE2o] A9y AN A b AARH A
A-gstofof & Aojct,

Hubbard 5°& ABATNA 744 Eotg4st 7154 Bt
B ol ¥ HolA] grov F BQHgA 84Vt A5FE3 T
31, € Aol Hojd At o9 F4at ARt
£ & U CAlolA Yehde 71413 83345 7154 B8
49 7192 g H|Ed7] = o2 {u, F23 AFHY Zd=
A3 FEFHY] S Y Fojdhe 28 19584 Aol
o Za8 A0 P} uetA], £ A7o)A B CAIY
749 33 9 33 9 8L 7144 XA 7154
B84 8471 43FE0HHA B TR Yerd Aoz
gt 23 AFoME CAl 87 3 7|4 EgAE 7%
3 EQF3A w2t 39 Selo] gEA] gRlske IE B4
o g F 849 79xE EAY a7z} 9l

£ d79e 2 7 Aol gl A ¥4, £ dolhE
CAIT A&#]9 389}t AE9 AdS 53] CAIE 34513
ou, Q1Y AR AF ££& NEeA £UT. £ WA, 2
A79 CAl: BF £4& 1ok A& BILE Z4519]
o g2, 43 4 54 48 59 44 A 327189 #4349
o2 QI5] FAAK: 3 HASH £3Elo], BA} At | A=zt
BT 9713 4 A9l Al 94, £ AolA] AMSE CAIT
AEAE et AFTrt AFEHU2H, CAIT A7) 9
o2 A7t B3l HEAE 12fotA] Rolgict webd 35 Ao
AE By Aol g3t P o HEAE B3 42
A £¥os A% 987t U

AEHO0Z, CAlE TR ¥ TEFRAY o|F4S
7H ¥59] 7143 844 e Fethe AL RIS A
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R 54 29 54 B4 23, L A7) SA 59 AR §&
Al CA|A BAFET COPY ¥ B&E Bl 359 7153
2P SUSIG. ROC curve &4 23k, 3 A7) S43%
59 A FFL CAIY 2R 752 B1E & e A
% 7HIL Yot IE2 CAIE AT w: BE o,
W A7), A 59 BAE B 1A 2 7154
B FTRHE WIRtAL, O BHE VIR 49 &9,
F& 5 A48% FA %S 24ske Aol By Aol
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