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Table 1. Biomechanical variables of CAl compared to Control during dynamic tasks

Authors

Year

Participants

Task

Summary of findings

Moisan et

al.¥

017

CAl vs Control
or

Injured vs Uninjured

Walking

Muscle activity parameters

TA: -53% at pre-HS and +28% during the fourth quarter of stance phase

PL: +145% at pre-HS and +67% at HS/post-HS

MGas: +348% at pre-HS

RF: +51% at pre-HS

Gmed: +583% at pre-HS, +59% during the final 50% of stance, and +133% at the first 25% of the
swing phase

Kinematics parameters

Dorsiflexion: -21% from 42-51% of the gait cycle

Inversion: +6-7° from pre- to post-HS, +218% at pre-HS, +247% at HS, 97% at post-HS (ankle),
+2.86° at HS (Forefoot), +9.42° from 87-98% of the stance phase (Medial forefoot/midfoot), +2.07°
through the gait cycle (Rearfoot)

Eversion: +2.17° from 11-73% of the stance phase

External rotation (shank): +6.07-7.00° during the stance

Shank-rearfoot coupling angle: -30% during early swing, -15% during late-swing

Kinetics parameters

COP position: laterally deviated COP at initial HS and from 25-90% of the stance phase, 5.6 mm
laterally deviated COP throughout the entire stance phase
Pressure-time integral of the lateral forefoot: +26%

Increased ankle evertor moment at post-HS
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Year

Participants

Task

Summary of findings

©

Moisan et
al.

41

2017

CAl vs Control
or
Injured vs Uninjured

Running

Kinematics parameters

Dorsiflexion: -4.8° from 9-25% of the gait cycle

Plantarflexion: +129% from 54-68% of the gait cycle

Inversion: +40% from 11-18%, +176% 33-39%, +557% 79-84% of the gait cycle (ankle), +1.35°
from 0-2%, +1.78° from 23-33%, +1.57° from 42-58%, 1.9° from 78-100% (Rearfoot), +9.81°
from 56-91% of the stance phase (Medial forefoot/midfoot)

Eversion: +2.72° from 56-73% of the stance phase

External rotation (shank): +6.2° from 48-55%, 7.26° from 81-96%

Shank-rearfoot coupling angle: -22% during the early-stance phase, -23%  during the mid-swing
phase, -15% during the late-swing phase

Kinetics parameters

Peak pressure: +31% Lateral midfoot, +41% Lateral forefoot

COP position: -227% laterally deviated COP during the initial loading response
Ankle joint stiffness: -27% during running




Authors Year Participants Task Summary of findings
Muscle activity parameters
TA: less activity from 69ms post-landing to 203ms post-landing (ES>0.80)
PL.: less activity at pre-landing (Drop landing: ES=2.47; Anterior landing: ES=2.53), less activity at
pre-landing (ES=0.98), less activity from 75ms pre-landing to 60ms post-landing (ES>0.80)
PB: less activity from 151ms pre-landing to 116ms post-landing (ES>0.80)
Sol: less activity 100ms post-landing (ES=0.94)
Kinematics parameters
Ankle: greater dorsiflexion 10ms pre- to 20ms post-landing, at landing (ES=0.93), less dorsiflexion
CAI Unilateral 90-200ms post-landing, greater inversion 200-95ms pre-landing
Simps:)zn et 2018 Vs jump- Knee: greater flexion 20ms pre- to 60ms post-landing, less flexion at landing (ES=0.72), less
al. Control landing flexion 100ms pre-landing (ES=0.77), less rotation at pre-landing during anterior jump (ES=0.26),

0T

less rotation during stance for all landing tasks (ES=0.45)

Hip: greater flexion 148ms at pre-landing to 4ms post-landing, less flexion at pre-landing for all
landing tasks (ES=0.42, 0.55), less abduction during stance of the anterior jump, less external
rotation 200-55 pre-landing

Kinetics

GRF: peak lateral and anterior occurred earlier (lateral: ES=1.02; anterior 0.94), greater vertical
peak at 24-36 and 85-150ms post-landing, greater vertical peak 35-60ms post-landing, greater
medial peak 85-105ms post-landing greater posterior 75-90ms

Table 1. List of Abbreviations: % indicates the Mean difference; ES: Effect size; TA: Tibialis anterior; PL: Peroneus longus; MGas: Medial gastrocnemius; RF: Rectus

femoris; Gmed: Gluteus medius; COP: Center of pressure; HS: Heel strike; PB: Peroneus brevis; Sol: Soleus.
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Table 2. Search parameters

Descriptor Search term (MeSH/"keywords")
Injury Part Ankle Injuries, Ankle joint/

"ankle injury", "ankle injuries"”, "ankle joint"
Impairments Sprains and Strains, Joint instability/

"ankle sprain”, "ankle strain", "joint instability", "ankle instability",
"unstable ankle"
Sensorimotor terms Psychomotor Performance, Kinesthesis, Proprioception, Postural
Balance, Neuromuscular monitoring, Electromyography/
"sensorimotor”, "proprioception”, "postural control”, "postural
stability", "postural sway", "static balance", "dynamic balance",

"neuromuscular”, "electromyography"
Limitations randomized controlled/ controlled trial, 2008-2018

Table 2. The search terms within each group were combined with the ‘OR’ operator; the each group

was combined with the ‘AND’ operator.
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Figure 1. Flow diagram of the study selection process
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Table 3. Inclusion criteria, participant’s characteristics, and tasks and outcome measures in included studies.

Author (Year)

Inclusion criteria

Participants

Tasks and outcome measures

Alguacil-
Diego (2018)%°

Anguish
(2018)%"

Asimenia
(2013)%

(1) At least 1 acute lateral ankle sprain (but
none in the prior 3 months); (2) episodes of
the ankle “giving-way” in the past 6 months;
(3) CAIT < 27; (4) evidence of mechanical
instability assessed by a physician using an
anterior drawer test a difference of 270mm
compared to the contralateral ankle

(1) At least 1 ankle sprain, with the initial
sprain occurring more than 1 year before the
study; (2) AIl > 5; (3) a feeling of “giving
way”’ at least 2 episodes in the 6 months

before the study

(1) At least 1 repeated injury or perception of
ankle instability or “giving away” in the
unstable ankle; (2) no evidence of
mechanical instability as assessed by an
orthopaedic doctor using anterior drawer test;

28 (M16; F12)
Experimental: 14 (M7;
F7) Age: 20.5 (2.9)
Control: 14 (M9; F5) Age:
20.0 (1.6)

18 (M16; F2) Age: 18.4
(1.8)

Experimental: 9 Age: 18.3
(1.9

Control: 9 Age: 18.4 (1.9)

30 (M16; F14) Age: 20.6
(0.6)

Experimental 1: 15
Experimental 2: 15

SOT: Composite score (%)
Single limb stance with EO and EC (10s): Mean COG

sway velocity (/s)

Equipment: Smart Equitest VR version 8.2 (NeuroCom
International Inc., Clackamas, OR), force-plate
technology (two 23x46 cm footplates)

SEBT: A, PM, PL reach (%)
Weight-bearing JPS blocks: Dorsiflexion, Plantar

flexion, Inversion, Eversion ()
Equipment: Weight-bearing, sloped-surface block
method

BSS (Static balance test (20s), Dynamic balance test):
Total, AP, ML (), Targets (s)

Equipment: Biodex Stability System (Biodex, Inc,
Shirley, NY)



[44

Bagherian
(2017)%®

Beazell
(2012)"

Burcal
(2017)"

(3) pain-free, full weight bearing, and normal
gait at the time of study

(1) A moderate-to-severe unilateral ankle
sprain (>8 days sports time loss) within the
last 5 years; (2) at least 2 giving-way
episodes within 12 months before testing; (3)
FAAM-ADL < 90%, FAAM-S <80%

(1) At least 1 ankle sprain; (2) episodes of
ankle instability (giving way); (3) FAAM-S <
85% or modified Al > 3; (4) ankle
dorsiflexion ROM deficit > 5° compared to
the opposite side

(1) At least 2 lateral ankle sprains; (2) at least
1 episode of giving way within the past 3

40 (M40)
Experimental: 20 Age:
21.2 (1.7)

Control: 20 Age: 20.9
(1.8)

43

Experimental 1: 15 Age:

25.2 (8.2)

Experimental 2: 15 Age:

27.5 (8.8)
Control: 13 Age: 23.8
(5.6)

24 (M7; F17) Age: 21.3
(2.0)
Experimental: 12 (M2,

SEBT: A, PM, PL reach (%)

JPS (active): Inversion ()

Double-limb stance with EO and EC (10s): COP
velocity (AP, ML) (mm/s)

Functional-movement task: Double-limb squat, Double-

limb squat with heel lift, Single-limb squat (errors)
Equipment: Biodex Isokinetic Dynamometer (Biodex 3,
New York, New York), Footscan 10.7 system (RS Scan
International, Olen, Belgium)

BESS: Single-limb stance on foam with EO and EC
(20s) (errors)

Step-down test: (errors)

SEBT: A, PM, PL reach (%)
Single-limb stance with EO and EC (10s): TTB
minimum, mean and SD (AP, ML) (s)




€¢

Cain (2017)"

Cloak (2010)™

months; (3) Al > 4, FAAM-ADL < 90%

FAAM-S < 80%

(1) Repeated inversion injury with residual
symptoms (swelling, pain, or weakness); (2)
2 or more moderate ankle sprains to the same
ankle requiring medical intervention; (3)

episodes of “giving way”

(1) More than 1 LAS within the past 2 years;

(2) recurrent feeling of “ giving way ”; (3)

CAIT <23

F10) Age: 21.4 (2.4)

Control: 12 (M5, F7) Age:

21.2 (1.6)

22 (M11; F11)

Experimental: 11 (M4;
F7) Age: 16.5 (0.9)

Control: 11 (M7; F4) Age:

16.6 (1.3)

38 (F38) Age: 19 (1.1)
Experimental: 19 Age:
19.0 (0.8)

Control: 19 Age: 19.0
(1.3)

Equipment: Accusway Plus force platform (AMTI;
Watertown, MA)

Time in balance test: Single-limb stance with EC (s)
SEBT: AM, M, PM reach (%)
Foot lift test: Single-limb stance (30s) (average number

of errors)

Side hop test: 10 side-to-side repetitions (s)

SLBT (30s): COP area (maximum sway in A, P, M, L)
(cm?)

SEBT: A M, L, P, AM, AL, PM, PL (%)

Demi-pointe stance (30 s): Mean power frequency (PL)
(%)

Equipment: RSscan ® pressure mat (RSscan, Ipswich),

Electromyography (EMG) (Powerlab, AD instruments,
UK)



ve

Collins
(2014)™

Cruz-Diaz
(2015)"

Cruz-Diaz
(2015)"

(1) At least 1 LAS at least 3 months earlier;
(2) 3 or more episodes of giving way in the
previous year

(1) Previous history of unilateral ankle sprain
with self-reported subjective feeling of
instability at least 6 months prior to the
beginning of the study; (2) CAIT < 27; (3) no
history of other lower-extremity injuries or
neuromuscular deficits

(1) At least 2 sprains on the same side in the
last 2 years; (2) an asymmetry larger than 2
cm on the WBLT for ankle dorsiflexion; (3)
no history of lateral ankle sprain on the
contralateral side; (4) self-reported instability
and feeling of “giving way”’; and (5) not
receiving any other physical therapy
treatment during the study.

(1) At least 1 acute lateral ankle sprain that
resulted in swelling, pain, and temporary loss

27 (M10; F17) Age: 33.6
(8.8)

Experimental: 13 (M5;
F8) Age: 36.5 (9.6)
Control: 14 (M5; F9) Age:
30.9 (7.3)

70 (M35; F35) Age: 30.4
9.4)

Experimental: 35 (M15;
F20) Age: 31.9 (10.5)
Control: 35 (M20; F15)
Age: 28.8 (7.9)

81 (M47; F34) Age: 27.7
(6.80)

Experimental: 30 (M17;
F13) Age: 26.8 (4.6)
Sham: 31 (M17; F14)
Age: 29.6 (9.4)

Control: 29 (M17; F12)
Age: 26.5 (4.0)

30 SOT: Composite score (%)
Experimental: 15 Age:

SEBT: A, PM, PL reach (%)

SEBT: A, PM, PL reach (%)

SEBT: A, AM, M, PM, P, PL, L, AL reach (%)

Equipment: Smart Equitest version 8.2; NeuroCom
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De-la-Torre-
Domingo
(2015)"

Donovan
(2016)78

Hall (2015)™

of function (but none in the prior 3m); (2)
episodes of the ankle giving way in the last 6
months; (3) CAIT < 27; (4) and evidence of
mechanical instability assessed by a
physician using an anterior drawer test (an
anterior drawer difference of 10mm
compared with the contralateral ankle).

(1) More than 1 ankle sprain, with the initial
sprain occurring more than 1 year before the
study; (2) FAAM-S < 85%, Identification of

Functional Ankle Instability scale > 10

(1) IdFAI > 11; (2) no pain or swelling in the
ankle; (3) have not participated in formal
rehabilitation within the past 3 months; (4)
had no history of lower extremity surgery or
fracture in the involved limb, or had no
diagnosed neurologic dysfunction

18.9 (1.8)
Control: 15 Age 20.1 (1.6)

26 (M7; F19) Age: 21.34
(3.06)

Experimental: 13 Age:
21.3 (3.4)

Control: 13 Age: 21.5
(2.9)

39 (M10; F16)
Experimental 1: 13 (M5;
F8) Age: 19.7 (2.2)
Experimental 2: 13 (M5;
F8) Age: 18.9 (1.3)
Control: 13 (M7; F6) Age:
20.5 (2.1)

International, Force plate technology (two 23x46-cm
footplates)

Single-limb balance with EO and EC (10s): COP area
(cm?), velocity (cm/s), SEMG amplitudes (TA, PB, PL,
GasM)

SEBT: Composite score (%), SEMG amplitudes (TA,
PB, PL, GasM) (%)

Equipment: Accusway Plus force plate (AMTI,
Watertown, MA), DE 2.1 differential EMG sensors
(Delsys, Boston, MA)

Y Balance test: Composite reach (%)

Figure-8 hop test: (s)

Triple crossover hop test: (cm)

Equipment: Y Balance Test Kit
(FunctionalMovement.com; Functional Movement
Systems, Danville, VA).
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Hamlyn
(2012)%

Han (2009) 8

Han (2011)1%

(1) At least 1 lateral ankle sprain; (2) multiple
occurrences of the feeling of the ankle giving
way; (3) CAIT <27

(1) 1 or more ankle sprains within the past 12
months; (2) at least 2 or more ankle sprains
within the past 36 months; (3) no visual
swelling or pain at the time of the study

(1) 1 or more ankle sprains that resulted in
pain during weight bearing for a duration of 1
or more days, within the past 12 months; (2)
at least 2 or more ankle sprains that resulted
in pain during weight bearing for a duration
of 1 or more days within the past 36 months,
but at the time of the study had no visual
swelling or pain.

40

Experimental: 20 (M11;
F9) Age: 20.0 (2.3)
Control: 20 (M10; F10)
Age: 20.5 (2.1)

20 (M10; F10)
Experimental: 10 (M5;
F5) Age: 20.1 (3.4)
Control: 10 (M5; F5) Age:
21.9 (3.1)

20 (M10; F10)
Experimental: 10 (M5;
F5)

Control: 10 (M5; F5)

Single-limb stance with EC (20s): COP area (cm?)
Equipment: AccuGait force plate (model ACG;

Advanced Mechanical Technology, Inc, Watertown,
MA)

Single-limb stance (20s): TTD of the COP (cm)
Equipment: Force plate (AMT]I Inc, Newton, MA)

Tilt platform (inversion): Latency (PL) (ms)

Equipment: Surface electrodes (Blue Sensor M-00-S,
Medicotest, Rugmarken, Denmark), developed an
ankle-strength-training machine



Hilgendorf
(2012)%

Huang
(2014)*

Kosik (2017)%

(1) At least 2 lateral sprains to the same ankle

in the past; (2) at least 1 episode of “giving
way” that had occurred within the past 6
months; (3) the presence of residual
symptoms during functional activities; (4)
free from symptoms of any other previous
injury to the lower extremity

(1) At least 1 acute ankle inversion sprain
that resulted in swelling, pain, and
dysfunction; (2) recurrent ankle sprains or
ankle “giving way” in the past 12 months;
(3) CAIT < 24; (4) clinically negative
anterior drawer and talar tilt tests

(1) At least 1 acute lateral ankle sprain

causing pain, swelling, and temporary loss of

16 (M7; F9) Age: 22.2
(1.5)

Experimental: 8
Control: 8

30

Experimental: 10 (M8;
F2) Age: 23.8 (4.1)
Control 1: 10 (M8; F2)
Age: 23.2 (2.8)
Control 2: 10 (M7; F3)
Age: 23.5 (3.0)

24
Experimental: 13 (M9;

Motor control test: latency response, amplitude

response, and symmetry response (double stance)
Dynamic visual acuity test: Vertical and horizontal

Gaze stabilization test: Vertical and horizontal
ASLST: OSI (AP, ML)
Equipment: SmartEquiTest (NeuroCom, Clackamas,

Oregon), Balance System SD (Biodex Medical

Systems, Shirley, New York)

Single-limb stance (20s): COP displacement (AP, ML)
(mm), 95% COP sway ellipse area (mm?)

Single-limb Drop Landing: The maximum and

minimum angles at the hip, knee, and ankle (sagittal,
frontal, and transverse planes) (), TTS (s), the maximum
relative displacement between COM and COP (mm)
Equipment: Force plates (model AM FP4060-07-1000;
Bertec Corporation, Columbus, OH), Motion-capture
system (model ProReflex MCV, type 170240; Qualisys
AB, Gothenburg, Sweden)

SEBT: A, PM, PL reach (%)
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Lazarou
(2017)%

Linens
(2016)%

function, but no significant injury to the
ankle in the past 6 months; (2) at least 2
repeated episodes of “giving-way” in the

previous 3 months; (3) AIl > 5

(1) Aclinical diagnosis of ankle sprain by an
orthopedic specialist; (2) they had not
participated in any form of supervised
training after the injury

(1) At least 1 significant ankle sprain; (2)

self-report sensations of “giving way” at least
2 a year; (3) CAIT < 27

F3) Age: 23.4 (5.9)
Control: 11 (M5; F6) Age:
20.0 (1.9)

20
Experimental 1: 10 (M3;
F7) Age: 22.0 (2.0)

Experimental 2: 10 (M3;
F7) Age: 22.0 (4.0)

34

Experimental: 17 Age:
22.9 (2.8)

Control: 17 Age: 23.2
(3.6)

JPS (active): Dorsiflexion, Plantar flexion ()
Isokinetic testing: SEMG (TA, PL) (%MVIC)
Equipment: Biodex System Il Pro isokinetic

dynamometer (Biodex Medical; Shirley, NY),
Shimmer3 EMG Unit (Dublin)

Time in balance test: single-limb stance with EC (s)

Foot lift test: Single-limb stance (30s) (average number
of errors)

SEBT: AM, M, PM reach (%)

Figure-8 hop test: (s)

Side hop test: 10 side-to-side repetitions (s)
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McKeon
(2008)%

McKeon
(2016)°

McKeon
(2018)90

(1) More than 1 ankle sprain and residual
symptoms; (2) episodes of the ankle giving
way; (3) All >4 ;(4) FADI, FADIs <90%

(1) At least 2 episodes of “giving way”
within the past 6 months; (2) All > 5, FAAM-
ADL <90%, FAAM-S < 80%

(1) Ahistory of a lateral ankle sprain; (2) at
least 2 episodes of “giving way” within the
past 6 months; (3) AIl > 5, FAAM-ADL <
90%, and FAAM-S < 80%

31 (M12; F19)
Experimental: 16 (M6;
F10) Age: 22.2 (4.5)
Control: 15 (M6; F9) Age:
19.5 (1.2)

80 (M33; F47) Age: 22.7
(4.4)

Experimental 1: 20
(M9; F11) Age: 23.6
(6.7)

Experimental 2: 20 (M8;
F12) Age: 22.3 (2.7)
Experimental 3:20 (MS8;
F12) Age: 22.0 (2.8)
Control: 20 (M8; F12)
Age: 22.9 (4.5)
Experimental 1: 18
Experimental 2: 19

Experimental 3: 19
Control: 18

Single-limb stance with EO and EC (10s): TTB (AP, ML)
(s), the SD of COP excursions, range of COP excursions
(cm), COP velocity (cm/s), and The area of the 95%
confidence ellipse of COP excursions (cm?) (AP, ML)
SEBT: A, PM, PL reach (%)

Equipment: Accusway Plus force plate (AMTI;
Watertown, MA)

SLBT on a firm surface with EC (20s): (the number of

errors)

Single-limb stance with EO and EC: The SD of COP
excursions (cm), COP-Velocity (cm/s) and TTB (AP,
ML) (s)

Equipment: Force plate (Accusway Plus, AMTI,
Watertown MA)
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Mettler
(2015)*

Schaefer
(2012)%

(1) More than 1 ankle sprain; (2) episodes of
the ankle’s giving way; (3) AIl >4, FADI <
90%, FADIs <75%

(1) At least 1 significant unilateral inversion
sprain of either ankle that resulted in pain,
swelling, and loss of function within the last
year; (2) more than 1 repeated injury and the
perception of ankle instability or “giving
way”’; (3) no reported history of ankle sprains

within the 6 weeks before participation

31 (M12; F19)
Experimental: 16 (M6;
F10) Age: 22.2 (4.5)
Control: 15 (M6; F9) Age:
19.6 (1.3)

Experimental: 13 (M13)
Age: 18.4 (5.9)

Control 1: 12 (M10; F2)
Age: 17.7 (5.6)

Control 2: 11 (M8; F3)
Age: 17.1 (0.3)

Single-limb stance with EO and EC (10s): The
frequency of COP data points in each section (Section
(AM, AL, PM, PL), Vertical columns (M, L), Horizontal
rows (A, P)) (%)

Equipment: AccuSway force platform (AMT]I Corp,
Watertown, MA)

SEBT: A, PM, PL reach (%)
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Sierra-Guzman (1) At least 1 significant ankle sprain (the 50 Tilt platform (inversion): Muscle reaction time (TA, PL,

(2017)% most recent injury must have occurred more  Experimental: 17 Age: PB) (ms)

than 3 months prior to study enrollment); (2) 22.4 (2.6) Equipment: A custom-designed ankle inversion

2 or more episodes of the ankle giving way in  Control 1: 16 Age: 21.8 platform, a double axis goniometer (SG110/A,

the last 6 months; (3) CAIT < 24 (2.1) Biometrics Ltd, Gwent, UK), Surface electrodes
Control 2: 17 Age: 23.6 (Ag/AgCL1 sensor, Ambu Blue Sensor N-00-S/25, Ambu
(3.4) AJS, Ballerup, Denmark)

Smith (2018)* (1) A history of lateral ankle sprain; (2) 27 BESS: stance with EC (20s) (errors)
episodes of giving way, and a feeling of Experimental: 13(M6; F7) SEBT: A, PM, PL reach (%)

instability during at least 2 of the following Age: 20.1 (1.69)
activities: (1) walking on a flat surface, (2) Control: 13 (M6; F7) Age:
walking on uneven ground, (3) during 20.9 (1.26)

recreational activity, and (4) walking upstairs

or downstairs (AlIl > 5)

Yan (2013)* (1) A history of unilateral ankle sprain more  Experimental: 25 (M12; JPS (active, passive): Inversion ()

than 1 but not simultaneously, the last F13) Age: 22.5 (8.5) Kinaesthesia: inversion ()

incidence occurred 4 weeks ago; (2) some Control: 25 (M11; F14) Equipment: Biodex system III isokinetic dynamometer
objective sensations (weakness, pain, Age: 21.5 (3.2) (Biodex corporation, New York, USA)

functional debility and feeling of "giving



[4>

Youssef
(2018)%

way") in ankle, no subjective signs like ankle
joint laxity; (3) no history of operation or
fracture in the ankle joint; (4) no nerve
disorders which might affect the balance and
muscular strength; (5) no ankle pain in rest.

(1) At least 1 ankle sprain and the initial 35 females

sprain must have occurred at least 12 months ~ Experimental 1: 13 Age:

prior to study enrolment; (2) the most recent  21.8 (2.0)

ankle sprain must have occurred more than 3 Experimental 2: 12 Age:

months prior to study enrolment; (3) a history 20.8 (1.9)

of giving way of the previously injured ankle  Control:10 Age: 22.4
joint, and/or feelings of instability; (4) the (3.2)
injured/unstable ankle is more painful, looser,

and less functional than the uninvolved

ankle.

BBS: MLSI, APSI, OSI
Equipment: Biodex Balance System (BBS) (Biodex
medical systems, Inc. Shirley (NY)).




€€

Table 3. List of Abbreviations: A: anterior; All: Ankle Instability Instrument; AL: anterolateral; AM: anteromedial; AP: anteroposterior; APSI: anterior—
posterior stability index; BAPS: biomechanical ankle platform system; BBS: Biodex Balance System; BESS: Balance Error Scoring System; BSS: Biodex
Stability System; CAIT: Cumberland Ankle Instability Tool; COG: centre of gravity; COM: center of mass; COP: centre of pressure; DBT: Dynamic-
balance-training; EC: eyes closed; EMG: Electromyography; EO: eyes open; FAAM-ADL.: Foot and Ankle Ability Measure Activities of Daily Living FAAM-
S: Foot and Ankle Ability Measure Sport; FADI: Foot and Ankle Disability Index; FADIs: Foot and Ankle Disability Index Sport; FAI: Functional ankle
instability; GasM: medial head of the gastrocnemius; GISTM: Graston instrument-assisted soft-tissue mobilization; HAS: history of ankle sprains; IdFAL:
Identification of Functional Ankle Instability Questionnaire; JPS: Joint position sense; L: lateral; LAS: lateral ankle sprain; M: medial; ML: mediolateral;
MLSI: medial-lateral stability index; MVIC: maximal voluntary isometric contraction; MWM: mobilization with movement; O(A)SI: overall stability index;
P: posterior; PB: peroneus brevis; PL: peroneus longus; PL: posterolateral; PM: posteromedial; PNF: proprioceptive neuromuscular facilitation; ROM: range
of motion; SD: standard deviation; SEBT: star excursion balance test; SLBT: single leg balance test; SOT: Somatosensory organisation test; TA: tibialis
anterior; TTB: time to boundary; TTD: Total travel distance; TTS: time to stabilization; WBLT: weight-bearing lunge test

a: Age is presented in years as mean (SD); 1: The study included those who had ankle sprain/CAI as well as healthy people



2—3—1. A7
AL, LT D5 ODHT Y =250 b7z (Tabled). (¥ A7 L7 W b1 A,

TADOFHEE I Ko THRIEMICE R BRI R L b LI ESITSRIZ.)
1) Equipment-dependent tasks

2) Functional tasks

3) Proprioceptive testing

4) Dynamic balance

5) Static balance

Equipment-dependent tasks (%, ERARMICHEH NS 22 B a—4% &2 AW 2HMEE T,
Bl 21X, Equitest®, 7 A YV XX T 4 v 7 XA FEA—Z ERMEEE R ERET O NS,
Functional tasks (213, MEFEEIZMES Ko7, A7 Uy b, Ry /70—l A X
7R ENEENS. Proprioceptive testing X, BAFIERCEEIR AT T 2D LR D
#17-. Dynamic balance {% SEBT (8 /i[r], BRI N7z FHm, Y NXT U AT AK) &L
TUW%. Static balance |%, i« FISZAZ/NT o2 & LTz, (Table 4)

Static balance 23 b L <A SN/ Z A7 H 7 2V —Tho7= BLIFEF 61%). £z,
FMSIAL D e b KSR ST X 27 Tlh o7z BLIFH 58%). flid s 2 7 2B LTk

Table 4 [T~

34



Table 4. Frequency of tasks used in induced studies to assess sensorimotor function

Task Category Task No. (%)
) Single-limb stance 18 (58)
Static balance . 19 (61)
Double-limb stance 13
Star Excursion Balance Test
) Eight directions 2 (6)
Dynamic balance L 16 (52)
Selected directions 13 (42)
Y-balance test 13
Demi-pointe stance 13
Double-limb squat 2 (6)
Figure-8 hop test 2 (6)
Foot lift test 2 (6)
Functional Task Side hop test 2(6) 13 (42)
Single-limb Drop Landing 1(3)
Single-limb squat 13)
Step-down test 13)
Triple crossover hop test 13)
Dynamic visual acuity test 13)
Gaze stabilization test 13)
] Isokinetic testing 13
Equipment-dependent 8 (26)
Motor control test 13
Sensory organization test 2 (6)
Tilt platform 2 (6)
) ) ) Joint position sense 4 (13)
Proprioceptive testing . . 5 (16)
Kinesthesia 13
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2—3—2. 7Y LI A
FRSIAL I I3 2 727 07 b A0 AW BTV, 54 (31 4 28%) DHFEE,

COP [HEifsiZz WL Tz, COP I & COP fRAZIZZ N 4 1 (31 {1 22%) @ RCT

THWwbNTW e, FIISEAZHFIZHE SO Z R LT, Table 5 (2R,

Table 5. Frequency of variables of single-limb stance (n = 18)

Outcome measures Number % of SLS studies
COP area 5 28
COP velocity 4 22
COP displacement 4 22
TTB 3 17
Stability Index 3 17
Error 3 17
Time 2 11
SEMG amplitudes 1 6
COP frequency 1 6

Table 5. List of Abbreviations: COP: center of pressure; EMG: electromyography; TTB: time to
boundary; Error: single limb balance assessed by counting the number of errors; Time: the length of
time during single-limb stance; Stability Index: Index assessed by Biodex Balance System.
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Dynamic balance (2430 & 4172 SEBT DN U —FHEEEDSIFZEE HIZ L > Tied &
SEEM &Sz (SEBT Z v oimsC 16 4 81%). #4177 L iy U —F il 12 7
(SEBT % =5 3C 16 {71 75%) D4z L - T S/ (Table6). JrlINifz &
SEBT 22\ T, #NZENEbHAWNGNTZ 32D COP XT A —4 L 3 Hud Y —F ik

fit 2 V72 RCT O % Figure 3 (2R

Table 6. Frequency of use of the SEBT variables (n = 16)

Outcome measures Number % of SEBT studies
PM reach 13 81%
Areach 12 75%
PL reach 12 75%
M reach 3 19%
AM reach 3 19%
L reach 2 13%
P reach 2 13%
AL reach 2 13%
Composite score 2 13%
SEMG amplitudes 1 6%

Table 6. List of Abbreviations: A: anterior; AL: anterolateral; AM: anteromedial; EMG:

electromyography; L. lateral; M: medial; P: posterior; PL: posterolateral; PM: posteromedial.
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20— 4., E
ARAa—E 7L E2—TIE, 2008 fEH 5 2018 4EI2HE S/ RCT I2HBWT, &

RIERIUBEA 5 L O CAl O EEIEREIC T 2Rk b LK< AWSBRIEZ A7 LT D
N D E & DT SATAMRIZ IR W THEUIIEE S & D K 5 REHlitkz e v 5 H)
AL, A%, EEEHRERE T2 BN E LIENAMRETHWLNDRET U M A%
M5 BT, mEEREHRERD. LUTIE, SRS 31 Rofm T b v b it

GATET T MALIELT, ZOBKRMICHEZELT 5.

2—4—1. FLHWLNTZXZ AT T M AITONT
Staticbalance 2’ b L < WO N Z A7 73 —ThHH BLHFEF 61%), FIZHE

BREERIRREIZ I T, AIINSCAL S B R RIS KON N7 o RRE D 27 I 2 & b
@ LT ENT=Z 27 Th-o7-. Freeman (1965) 33 HISEAL A2 VT, 2RI
PREEA: F I IHBERO R 22 EME (functional instability) 232 Z & 2 8E L7z, ZHLIRE,
ARSI EFRIC LS Hnb s K o ic7e o7z,

FSEAZRE O T 7 b MBI L CIE,  COP [Hifs, COP #E, % L C COP {Rhrod 3
OB DL HNLENTWEZ ERH BN E 57 (Table5) . FHNIAZRFIZE1T 5 COP
MFE, JHEE, ROLOHIE, —RIS, BB DK T ZEKL, ZHORBAI,
KEGIERE N O L& BT 5 % S Tifseic kb &, RIINIALH o COP %3 B
HSHEEIE R £ 7213 CAl #H T 2 H OERBHIE A 2L MR LGS L@ LTnd 7%,
B DOAZTF Y ATIE, CAl @ COP [Hff & COP B I L Fh) LI R4 %
DA LSS @B LTWD (R, P=0.005 SMD: 0.62, 95% CI: 0.19 to 1.05, P <
0.001, SMD: 0.37,95% Cl1:0.21t00.53) ¥. —C, COPEEEIZBI LTI, fEFH L CAl
HECTEIRO LA TR (P=0.56) .

—J7, bHERAINZT Y M AL, SEBT O#%NG Y —FiEEtiCH -7 (SEBT %
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MWz SC 16 R 13 44F) . R\, BT, #4457 Y —FiEREE (SEBT % v /i@ 3L 16
12 4F) AW BT .

SEBT #% W77 U —F 1%, Bi7ICx LTH&MIT 185 ([THEU DMK L TTE DR i
MR A SE1E9 &% 27 T 5 (Figure2) . SEBT i%, BhAJLEAHIMIRE ) 2 3+ 25 7=
2, Ak8Jrm (HiJ7, #iNTT, miSvTT, W7, 47, %75, %5, %4V5) o —
FHHENRT 7 R LELTEHEEN TS O fJx DJFEICET 5 U —FHEEERtho 7 )7
& @mWBIREZ R LI Z o, HIEIC D) DO = »I, 3 5m (Fi), %N
T, BT OFRPHERE S, 0B K90k B 5 9. Plisky H *1F,
Y Balance Test (functionalmovement.com, Danville, VA) Z42Z L, #il, %N, %IM5
D3 FENIERD A TRy 7 AN 5%y &% Lz, & 51, Hertel & %3,
CAl DEMNZF T DRTNTT, W7, %A Y —F Y, EEFESILLTUERTTSZ
EERE L. LER-T, AKO SEBT 12815 8 Jla L DS S HEE S 7
ZIE, BANGF Y —FHRREE L TEENTEY, HRE L THFEM CHZEICHER S
nice&E26N5.

Figure 2. The Postero-Medial reach of the Star Excursion Balance Test
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2 —4—2. SEBT W7V —F HBEICB T o FHEME & 24 iz >\ T
SEBT HIEDFFENEIZ DN, i A2 x5 & L72FRIZ, good 726 excellent DfF fEME

NS STV 5 (Thetest-retest reliability ICC : 0.84-0.92) . SEBT (%, EBR=H/7%
EabBLET, T ATy —DHhEMENT 572Dl CHRERNEETH D .

SEBT #% N5 U —F HEEHCBIT 5 24 HIC 20T, BHIORKEML Ea—D A X TS
U RIZKD &, SEBT (N Y —FHEBEL, @i & RBESIARLEREFT5EHE %X
BT DI DZXEZF L TV D EHE S TVWSD (P=0.009, SMD: -0.36; 95% Cl: -0.62
to -0.09) ¥. —J5C, SEBT DRI & #%47 U —F HRBEIZMBER TAITED b/ n:
o7, b LLIE, FEBITERZ L Tz 910 oo gifa) & BFgE 100102
£ o C,SEBT %W U —F BB IREIE, & BIRHaIIIE 2 T L1 5 & W& Sivr-.
de Noronha & %, SEBT #WJ5 U —FHilEn FECR I LT 80% A O # 13 /2 B
etz g i 23 aREMEN & 5 LA L7z (P = 0.03, hazard ratio: 0.96, 95% Cl: 0.92 to
0.99). F7=, Attenborough © °2}%, * v hAR—LEEEICBWT, FEEICH L TT77.5%
LUF @ SEBT N5 U —F BHREIE, R BEHREOfERIA 1272055 Z L 2®mE L7z (P
=0.04, OR: 4.04, 95% CI: 1.00 to 16.35) .

LIEXY, SEBT %5 U —FHEEEHIEIL, EN-EEEEZAEL WD, £, TU
R AL LT SEBT %N 5 Y —FHEREY, EHE L REBIALEE /T 58 2 XA
DEAMEA LTS, EHIT, SEBT %W Y —F HEEOIREIT, ERAFTRHO T3
HFICHR0GH 2 ERRENTWS. WA, SEBT #%WNJ7 U —F i, RCT T

AWONLREERNT U P AL THLLEEBZEADBND.
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A reach — I
PL reach I [ [
PM reach I I
COP area
COP displacement Number  Color
COP velocity 1 E
2008 2009 2010 2012 2014 2015 2016 2017 2018 j

Year of publication

Figure 3. Number of articles that included the SEBT and COP variables

2—4—3. HEIIH\ONET U A0 HEN
Figure3 1%, 77 b B L TH D FINIALF D COP /3T A —# L SEBT @ U —F faifEN

FHEICBOWTHO LN E R L TWD. FISIAL O COP mifs, Wiz, wHEILE:
HRBEIEIRE ) 2 B LT . —J5, SEBT ORI, %IMG, %G Y —T X
EREHIERE ) L IR S v T d %,

T2 BRI O LB HIERE T\ 63 D IR R 2 v 72 COP JIE T, 2008 AEETIZIE:
McKeon & Hertel® 2k > T —)L RAX U — K EMEIN T2, LavL, RN AE
IR GEICB O T T LHRIATE 20 TldZw. —J7, SEBT U —FHifL, A
=TT OLEMFEHLIEINS D, LVEKRGH CEMARRETH Y, HFITHER
RSB ICE S Z LT LTND EBERALND.

T NI AORBUEN OB 2D &, BIFRE HANER T 5 2 B O B
REZ RIS 2720007 7 b1 A%, FHHTIHNAIRAZ 3515 5 COP /37 A — 4 H B EI

RHHEE RSN D U —FHEBICBITL TVWDL 2 ENEZALND.
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2—4—4. F-HEOFELDLEALBOREMN
T, MEDORCTICBITFLT ¥ M AL LT, SEBT %N Y —FHEEEN

BROHAWLNTW=Z EAHA L. £/, SEBT O#%WNIF U —FHEfiL, HEDFIE
ML RBEHIRZENE AT OB ERET DHYUMERF LTS Z &, 61, LR
PRI SRS 2258 L. £ LT, 4, SEBT OV —FMHEEAN I ARFSE
ZBITFHT 7 M ALE LTHBEIZHWLN TS Z &b, HFFEHEH T SEBT %N 5 Y
—FRRHEC K o THEIR & 2 BYY RS HIEIRE IR 2 ARV R OMFHIE R 2 F
STWNDHZENRBx b,

Fim ChIl~_T= & 51T, AR=YEHEPHE AL LIt AFZEZAT S BRI, 77
N7 2R 2 PR & Sl D EAIRTE Z R L, MARREHIGH T2 & ) s E=
WThDH Y SEBT N F Y —FHEEDGE, BERMEOMML &1, UV —FBifEhicy
D LD 72 BEHIERIE N FAT SN TV A hEMmb L ThorEEXbND. 2FY, 7
VA LTHD ) =T HEESEIEL E0 X5 ICBD S NSOV TEAET D BER D D.

— AT, EYVERREE P D LRI 2 3l 9~ 2 72 DIS A A A T = 7 ABFFEMT D
. J2BIEiTeHE OBIILSAHIERIEIC B LT, SMTOET, SHEECE T 531
FAB=7 ATV E2—ml k> TEEDHHN TS (Tablel). L2>L, SEBT
BNV —FIZB 2 B AR E M A 5 KEHIHEIS BT 2 L v 2 —iRsE, W
WU X TZBRY Y47 5720, RBEIARLEEZ A9 58 O SEBT N J5 U —F 1 D&
R (B 2 E Y, RBEIAR R EEEZTMET AT U M AL LTHEEMIC WS
NTW5b SEBT #WN5 U —F BT 2o 87 o AMEL1TH) ETEETHL LE
oD,

L7=M o T, RETIHE, SEBT %W Y —F ML U —FBHEICOWT, BREFMIRE
EMEZ AT 28 ORBHEEIEN & O LS ITHES T N TEXIraBEHlT 52 Ln
O Rss L7z,
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#5332 : SEBT % WNJ7 U — T O L ELHIEIERNS 2 B89~ 5 W E
3—1. =5

BN D, WEDRCT (IZBWT, EEEIEIEEE S L <IX CAIZIIT 2
EERRE T 2 M ADRRGED 72 DI bW BN 72 T U R A%, SEBT %5V
—F i (Figure2) TdH 5 Z LAV L7, SEBT %5 U —FBREEDS & BIEG R 22 bk
AT HEOBNEBHIEEN Z KM LBEZ &, 7Y M AL LTOEEME L 2241
PHEINTND Z L, 51T, U —F RO B o FRIR 1272 015 5.
UbaEZ DL, REMARLERE AT HEHO Y —FEHIEICI T 2 EHMEZ BES 5
Z XX, MABEEIT) L THEETHD.

2012 4212, Gribble 1% SEBT IZBT 2 RAMAIL E2a—2RK LI P ZoOlL B a—
DT, RBEESARLENEEZET HH L SEBT OV —FHEENMEFTH L) mET 2
MELDLNTND., LK, WS ONDNA F AT =7 ZAFFRIZ L - T, REfiARE
PEATLHHICKT DY —FEHEDORBGIEEIKICREAT 2 FEIREINTE

(Table 7).

7D AL LELTOSEBT #WJ7 Y —FHEEEZ 1 T2 <, U —F B R > LS5 HI1E
MBI 2B 2RO 5 2 L%, REAMALEMEZ AT 282810 5T EHE N2
IZxT B X VEORWN AL DRENARY ALY TV arTa s T MERICES

THEEZALND.

3—1—1. SEBT %NV —FIZBHT H A A4 A =7 AWFSEIT DN T
w2 B1F 5 SEBT %N U —F ik L BifEHR DA A A B =7 AL D BER

Z 41 THY 5232 L7~ Robinson & Gribble!® (%, SEBT %N U —FFEEEIL, BRI E
ith, P RS A, RBEEINGE, IRBIEAMEA I Lo TRl S NG 2 2 L aWwE L (R
=0.91, p<0.001). >F v, KERIEEh, NXPIEE ML, MREIEIPIER X O s A3 1y

RIDICHONT, SEBT ALY —FHEELENT D2 LnEZ . £, F£H5D
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TARRIBFZEIZ BT, SEBT taINJ7 U —F OBERHE (Figure2) 7S IRMEIRED U —F
PREECBE 5 % WTREME A B L 12 IR, RERsMUT R & 5 N7 Y — FEREEIC RO BILR
DD & aikER Lz (r=047, p<0.05). UV —F@EEFORBEIREL, UV —F ik
B35 COM ZHlHT D7D Z—nR"T 2L LTERAT B2 bk,

—5, SERBHEiR R LU CAl AT 5F L HE D SEBT #%WNJ7 U —F iRk &
V—=FHDONRA F AT =7 AR o s U Tt Table 7 ICE &0 5. #ERE LT,
SRR T Y —F MRl & A A A D =7 R EEERO ML 3 oA TH
ST

Doherty & 1%, S/ B HERE & fEF#ED SEBT NG Y —FHHREL ) —F @k
PO TEEESFR~T 4 7 22 U, BiRICK D &, I IEICRIT 2%ANT Y —F
BRAE, RXBAEE h R, R h A SR BN A R R L L LTI
iz ~k L7=. ¥£7=, Doherty 5 52 X 22N BAGReRE L @R L L=b H — 05
DWW LD &, IR I 1T D HNTT U — T BERE, [ BRI A4 B2, i B dh £ g,
% BE e ol ) B AR A & 2 BRI B BE, ISR B A B2, IRPAER P BEfA FE 3 A R
ECTHo72Z LM &Iz, 51T, Doherty & %1%, CAIFEE @HFFEOLEIZHB W
T, CAIBEDHWNTT U — F BERAE & B dh A4 B HE & i L THEICIRETH -
el EWE L. (Table7)

UbzEls &, REASNLEEZ AT 5HO SEBT WG U —F&EIL, &KV
—FHRFORRE L1215 FTRESBENHIRES N TVWD ZLARETHLEEAD
N5, Lo, BREESREENE AT DHICBT 5 SEBT %N U —FREOBEEH
PRI LB A AF281E, LT ORICE W TRERILN A+ TH DL EE X L.

FT, V—TFHEEL A T AT =7 AEROBERZ R LT &G D70 T &S
Hiv% (Table 7). @ #E & RS A LZENELZ AT HHEICK T DY —F L 31 4 2

B =7 ZAEBOBENEEE L TCWOAIEIE, 3EOHRTH-7-. (Bastien H 7 ¢ U —F
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FEREDZZHE L CWD 0, BALNER D TZOMRP MOt L e % . (Table 7))

F 7z, BIEBRUET OLREHIEERNE 2 RS EBOWME N Dv. BfiFr~T 0 7 AT
BIL T, KR ELAh (g <P/K ) O FRBIEEIRICEE 3 2 WS A2 LT
5 EEZ BN BEGIHENE 2R T A E LTELRBREFLE WS ToASS F AT =
7 ABEHNT, AR RSHIERIE 2 RIS 2 LTEETH L P WEOHRETIE, Z
B NRA T AT =0 ABRARABNCBLIER LT A TR R R 72 5 7200,

LT, MEONAF AT =7 AL, RV —FHERER IR 234 F AT =
I ABEROMNT 24T > Tz, DF Y, BIEEE L —#HOMT 32 ST 6T, B
VERIZ 3T 2 BEHIBEAE 2B L TS SN TNz B2 b,

WERT- 8 A &l NICR 1 5 SEBT %N U —F K FREBIfI % %~ T ¢
7 A% #g L7z Delahunt & " OFFFECIE, U —FTEEEZRFRIC L - T 100 %L, %
NENOHNCEB T 22O MLE 21T o7, LavL, BEREEEIZISWT, STt
EXY IR AT 7 WOREZ 100 BT~ 72). ZHiE, #GEHEICSEEOMBEE Hte
AEEMER D 0, RO A X Lk, 72, SHICE T DR ik
fERIC 72 272, iR, U —FEWEICHE D Bffix R~ 7 « 7 AZMKICBI L TITAPIR L5
RNEEZ BT,

U boplz iz, RSN ENEZAT 5E 7 SEBT W7 U —F@fEdic & X
5 IR REIFINEIG 2 24T L CWVVA DT HONT, +0R T EF v AR 50TV WNELR
ThoHEBz LN, F£7o, SEBT %N U — T BREED HEI0S B EHI G D 251k & BE
LD MDICONT, +aRERMF LN TWARWEIRTH L EEB 2 bk, Lizsio
T, SEBT %M J5 U —FEE 0 LEHIEIHNG 2 B4 5 720121, SEATAEICR T %
RN IC RIS DRI 2 R+ D BN B 5. £ 72, U —F BB Hs ERHIE AL

ICHESNELIDORAT2ULEDRDH .
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Table 7. Biomechanical variables compared with Control and CAI/LAS during the PM reach.

Outcome variables (Ankle Mean Difference

Author Year Participant Outcome variables (Control) . .
Sprain/CAl) (PM reach distance)
Bastien et 2014  Acute unilateral LAS PM reach distance (%body height): MD (95%Cl): 4.56% of height (1.47-7.65)
al*®’ (M: 10) Unclear data 4.56% of height
Healthy (M: 10)
Feger et al'® 2014 CAl (15) Muscle activation of Anterior tibialis Muscle activation of Anterior tibialis NA
Healthy (15) (%MVIC): 0.68 (0.28) (9%MVIC): 0.50 (0.19)
de la Motteet 2015 CAI (M: 7, F:13)  PM reach distance (%LL): 77.48 (11.74) PM reach distance (%LL): 80.13 (10.34)
al'o Healthy (M: 7, F: 13) n.s.
No differences of kinematics (trunk, pelvic, hip, knee, and ankle) were found.
Doherty et 2015 Acute first-time LAS PM reach distance (%LL): 107.3 (5.9) PM reach distance (%LL): 98.3 (19.7)
alt® (M:44, F: 25) Hip flexion (°): 71.7 (13.5) Hip flexion (°): 58.6 (20.1)
Healthy (M:15, F: 5) Knee flexion (°): 66.9 (11.6) Knee flexion (°): 55.9 (17.8) 9.0%
Ankle dorsiflexion (°): 28.6 (9.5) Ankle dorsiflexion (°): 22.8 (7.3)
COP FD: 1.8 (0.3) COP FD: 1.7 (0.3)
Doherty et 2015 Acute first-time LAS PM reach distance (%LL): 107.29 (6.02) PM reach distance (%LL): 94.89 (9.26)
al'® (M:53, F: 28) Ankle dorsiflexion (°): 27.43 (9.07) Ankle dorsiflexion (°): 16.16 (11.87)
Healthy (M:15, F: 4)  Ankle eversion (°): -4.05 (15.56) Ankle eversion (°): -14.58 (7.6) 12.4%

Knee Valgus (°): -7.55 (8.17)
Knee flexion (°): 69.86 (10.79)

Knee Valgus (°): -2.00 (7.25)
Knee flexion (°): 44.92 (17.40)



Ly

Pozzi et al

111

Doherty et

a.|106

Kwon and

Williams

Jaber et a

112

|113

2015

2016

2017

2018

CAIl (M: 4, F: 5)
Healthy (M: 6, F: 6)

CAI (M: 17, F: 11)
Healthy (M: 15, F: 5)

CAIl (M: 12, F: 12)
Healthy (M: 12, F:
12)

CAIl (M: 5, F: 11)
Healthy (M: 7, F: 9)

Knee internal rotation (°): 2.47 (7.92) Knee internal rotation (°): 25.11 (14.05)
Hip flexion (°): 73.11 (13.81) Hip flexion (°): 45.06 (20.03)

PM reach distance (%LL): 79.1 (8.7) PM reach distance (%LL): 82.9 (11.4)
No differences of kinematics kinetics (ankle and knee; and iEMG of PL and TA)
were found.

PM reach distance (%LL): 107.3 (5.9) PM reach distance (%LL): 100.7 (8.0)
Knee flexion (°): 66.9 (3.1) Knee flexion (°): 55.6 (2.6)
COP FD: 1.8 (0.3) COP FD: 1.6 (0.2)

Unclear data (Effects of rest intervals)

PM reach distance (%LL): 95.4 (10.8) PM reach distance (%LL): 90.8 (8.0)
COP Sway (mm/s): 58.6 (18.7) COP Sway (mm/s): 73.8 (23.4)
Gmed activation onset time (s): 0.9 (0.2) Gmed activation onset time (s): 1.4 (0.3)

n.s.

6.6%

N.A.

n.s.



No differences of EMG (TA, PL, Gmax, and Gmed) were found.

Kwonet al'** 2018  CAI (M: 12, F: 12)

Healthy (M: 12, F:
12)

Unclear data (Effects of rest intervals)

N.A.

Table 7. List of Abbreviations: LAS: Lateral ankle sprain; PM: Posteromedial; MD: Mean difference; Cl: Confidential interval; M: Male; CAIl: Chronic ankle instability;
MVIC: Maximum voluntary isometric contraction; NA: Not available; F: ; LL: Leg length; ns: Not significant; COP: Center of pressure; FD: Fractal dimension; iIEMG:

Integral electromyography; PL: Peroneus longus; TA: Tibialis anterior; Gmed: Gluteus medius; Gmax: Gluteus maximus; % indicates the mean difference; numbers
& represent mean (standard deviation).



3—1—2. BFFERM & IikmO BRI

BURIZEBWT, SEBT NG U —FITBIT D31 A A =7 AMFGEIL, T OBYEAFT
BTFEICHER S D EEZ X LN 2O, EEERLEEERE AT HEI2BI1T5H SEBT
%N U —F HOBFSRBMHIRIZIC BT 5 = 7 U R SICEE I T e
Bz, £z, T U N ATHS SEBT %N U —F BREE O BEJRAS L SAH RIS &
B LAF D DICDNWTH R Th o7z, 77 b AL LTO SEBT $#N U —TF iRk
D3, LEELHIENRRIE DZEAL & Rk L1G 5 & BiR L CHRID T, FEERIC R EN 2 A
T D H KIS D B LBAHIEHREE (kT DR &, FEAM A FR IS U 7o/ AR AT RR IS 72
HEEZBND. LEEN-T, H_fRMETIE, SEBT #%WNJ7 U —F Bl As LB 4 ks
DAL S LG 2 DMZDW T, IREBURAEERZ1TH 2 & & Le.

Fram TRt L7z K5 1c, GBI & 1%, I EREEIC RS, 1k COM MRk
JEETH 7> D DML A BT 5 7o DIB < T H 0% CNS 1%, B, RiEEG, APERK
R D OREFEAINC X D& RS, foxt LEsheas 21TV, BIFHIEIC X - TH ik
LB ZRE L CTEELZZITT 5. O, BERETOANERERE (P—7 =2 E) ©
NIBRSE (FEIZ &L 5 COM OB Ei7e L) NEL TV T, REMHIEHEI X2 kT
.

RS D2 LICEE T 2 F581F, LI LIRS NSxr LT, IR &2 £ 27
SRR EBETHZ LIC ko T T TE . FlxIX, WEMIC AL ERIKE
(Compliantsurface) (2 Nif\i 3% 2 & C, HREMEAEINT 2 2 & 110, Tk BAFiH]
RET DL WA ERHERIN TS, 2 b OEBHIEZ I, &R E Iz
B < BT — 2 2 bLH K COM 2 S 572D N & F4 S 25 COP (i MNEL
T2 Bl NENERERTHL EBEXLNTWS. £z, K&V 7s B
BN EDD LXK T RSN D OKTATILLE DI BEITT 5 (Sensory re-weighting)

W8 LEZ 5 TWAD. CNS I, RHEIZK L CHE 2T IRNER®RE L0 EMCED
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7=OI, BREANOERIELZEIRT 5. Fl 1L, NLEERIKEICSIAL LB, 23 -
JERIENIC R DIEENKEE L 72 572, CNS (TR SCHTEERR 7> D DR T7 2 B8N
SHETNL LB LNTND. DF D, REERMICIAL LEMEREEZIT O Z &1,
TS - RBAEE O R R E L DI AN OLLERED D Z LT, BEIE
WAL ZREZ LD B BND.
AR TIE, B NCK L CARZLERRKEREERETHHNT, 74 —253y R
(Airex, Switzerland, JEX 6cm) ZHW\ . FEATHIEIC L > T, 74 —L3y NiX,
TN OREHIEHEIS L 2 AT 2 B THWONTE 2. 74— L3y RORHEMEIC
Ko TESBPEZ Y, BERFH N2 RBARE— A v R AT 2 72D J1 7SN EL
WFAET ZH W F i T — 2Ny R RN LTEES, RIERISH)DJENED L,
EREEIC XA EERNMETT5. 212, BEANLEMRECHIERTICBITT 5
EEZ DTN D HB0122123 - Hek 1 L | T, T — LRy RICNNLT 5 2 & T, RifkA
FEOH KBRS LT, COP @R 1 HiIRT 5 2 & MBS0 IRk B 72 & ot
B 035D b, REHIEERES I T 5 Z LRSI TE T,
Plbza3se LT, AL T4+ —23y K ETSEBT N5 U —F 1Tt
7oBRIZ, SEBT #WN 5 U —FHEEEICINA T, U —F B{E O REHIEERIS 12 2LV E T
HI L EWERTHZET, 7Y MILICHETHIEMPIRED EBE LN
L3> T, /B0 A%, IREE&ME 2100 R RER &M & AL EREM
(BT SEBT %5 U —F O LE RN 2 i35 Z & & U7e. RS, L
ST U TR ZER S TIX, SEBT #NE U —F8EH O *~7 1 7 AXHE
O, RIEFRLOEENEL, FERMENET D7D, fRELT, kY —FiE

HENME T 9% & B2 bk,
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3—2. Hik
3—2—1. x5

204 (104, &PE104, 4Filn: 2394305, &K : 1742+cm, {fH : 71.2+
16kg) OHERFE N FEBRICSIN Uiz, SAEAEL, 1) %6 » ALUWNIC FRICEERA A
STWRNH D, 2) FRICFHBEENZ2WE, 3) MfFEREE, AiEd L <IERE
b, b U< IIMAEEZ & D IEEEAE A FEH S B85 2 W/ DR BRI B 0 L
L7=. ABF3EIL, The University of lowa Human Subjects Institutional Review Board (IRB)
IZ K- THERB I N KRE S £ 201904706) . A COHLERFE 1L, FBRATIZ IRBIZ XL - T

R SNIZERNE G L, ERBINEKREDIZOIZEL 2T 1.

3—2— 2. EESERE
Yo7 TR 100Hz ORISR AT 10 BEE e 3 OoTEMEMENTEEE (Vicon
Motion Systems, Inc., Centennial, CO) & %> 7V > 7 [& %% 1000Hz DK i (AMTI,
MA,USA) 7%, ¥ X =T 4 7 AT =S BILOXRT 4 7 A7 —=ZWEDT-DIZH b
7= Plug-in Gait &7 /L 23S NJEE S ATV A EEFH 2 7k (Nexus version, Vicon Motion Systems)
2R, RO~ — 7 —(LiE & BEREE N & ARG W OB A R, HOME, T L
TREPLAENR Sz, SEBT oL, IR GIORIZ EobmReE L. 7
— PO OHEANTTAIC 45 EOMETRIZIEOENT.. DHEEBED T +—Lb/3y R
(Airex, Switzerland, JEX 6¢cm) DNHAWVGIL, REERKESHFHTR K G EICEE

.
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3—2—3. ERFIE
wEE O E (cm), KE (kg), ErilmakiiEgE, TEE (ErilEso o REN

RETOMRE), MBIHE, B, L0 bIEEE COMERE HBIHibE,
FHEEE, FOREINHESHE. RIZ, & 37\ NFR S~ — 7 —% Plug-in Gait &
T It S THEBRE DIRFICHEAT Uiz, ~— 0 —REfHZ & % Figure 4 (o9, #E5R
BHOBHNNLES I L, HHY 7 hEHWT~y— I —D T RY v T E(To72. #k
Fix, 770 NEME (ZEm: 74—A7L—bE) £ 73 —25%M0 CREER : 7
+—AFL—h RICEE L7 +— b3y R 1) O ThENALL, SEBT %N
V—F 235 LWz, ST, A—Ztole ERInFEHeE L.
PERE DOFE R RPIRKITEES LT 7 +— L%y R EZRENO SEBT HulAICiE
VD KRR LTe. BRI, RN E % 2 000 3 DI E R o T RIS SOkt iz
BRI 2 5N 71222 > T, TE DR e RIRINIT L o icfimm sz, BTzl T o
R A2 T2 0 1) BCFE2Y Tt 5, 2) SO ITEFIZIRICENTNWS, 3)
#5760 [T > TWH A hr /) —ADFIZADLET, 3B THRARY —FT5L951C
T5, 4) RV —FHBIZEZEL TS, KEZU —F MO RRBAND DERET 5.
L BRAAT DA, W 1T SEBT $ N7 U — T BIfEA il T CReIK 4 [RILL_E o
ERFFSNTZ. +0RREAZ IS ARRIC, WBREIXHAE T T3 mREE1TI L5918
RSNz, REDNEFL, RERTh T o2 — T A% L B X9 IZEE LT= (Figure
5 . KV —FHEHLY 7 by =7 (MATLAB) I[ZCRtE Sz, #EBRE 14 TRIIC

+a KB AR LD, FEMITTIES oM OREERRIT 72
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RKNE

Figure 4. The placement of markers'®®: L (R) FHD: Left (Right) front head; L (R) BHD:
Left (Right) back head; C7: 7th Cervical Vertebrae; T10: 10th Thoracic Vertebrae; CLAV:
Clavicle; STRN: Sternum; RBAK: Right Back; L (R) SHO: Left (Right) shoulder marker;
L (R) UPA: Left (Right) upper arm marker; L (R) ELB: Left (Right) elbow; L (R) WRA:
Left (Right) wrist marker A; L (R) WRB: Left (Right) wrist marker B; L (R) FIN: Left
(Right) fingers; L (R) ASI: Left (Right) ASIS; L (R) PSI: Left (Right) PSIS; L (R) KNE:
Left (Right) knee; L (R) THI: Left (Right) thigh; L (R) ANK: Left (Right) ankle; L (R) TIB:
Left (Right) tibial wand marker; L (R) TOE: Left (Right) toe; L (R) HEE: Left (Right) heel.
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Body Markers Static PM reach
measurement attachment posture Trials

~
=
5 min Practice Trial Trial Trial
Rest at least 4 times 1 2 3
Practice Trial Trial Trial
at least4 times 1 2 3
e\

Figure 5. Study procedures. Participants performed three trials for each condition.
The order of the condition was counter-balanced across participants.
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3—2—4. F—HuH
XRYT 4 VAT —H (w—h—fLE, BEEMAE, COMT—4%) [Z20Hz D~ N4

TET, ¥R T 4 7 AT —H% (COPF—&)IX8Hz D1~ b A 7 i TZ 1 F 1 Butterworth
O—NNAT7 4NV E—Z TR I, 740 V2 —AEZTY 7 o =7 (MATLAB,

MathWorks, Natick, USA) % Fv 7-.

3—2-5. V=TT p—vA

U —FBEREE, SEBT Hlh & V —F MO " Elk & OFERET, i~ —7—D x il
JERE Ly SRR D = OEEEZ AV TR S, ZhENo5Mt Ficsi) ok
RV —FHRBET, #5E o TR TR ks nz (%). 3afToREEk sz Y
— T HERfED & SEME A S AV R B IV B Ts. BiEOBRAIE, U —TIOE =
SEHEEED x i B L <Xy dl EOWT o LRI R0 o 7oRER & L, PIEFIT K
S THEMICHBr Sz, BIfEOKTIX, RRY —FRR & ERI N, BEDBIA,
OB TETODIALT =N, MOXXTT 4 VAT —FBLOXRT 4 AT —X

LRI ST,

3—2—6. AT AT ALXRT 4 I AT —H
SEBT %N 7V —F®hErIC, bk, mifhm, AV o FEBIFEIAE CGRHMilo

FEBAE, MRBAE, MXBASN) LREM AR AR L7, TR, EfiE S AV b
B3 2=t 7 A 2 P OMKTRBIREAEH Sz, A EIcBL L, v U7
b= g U SNTFERENZERICES T 5t 7 2 > b ORISR H S,
F7o, B EREFLONEFHRAINE S, ELE Winter (2009)% o B (K5I
7 — & B STz, B E REPLO x e y BiORALIE, U —F Bk
LB D OMEBEL U CRIME S, x Bl ITNSMA T & —E L, y Bl LA
FHme—¥%.
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Bk U —FiEEE (Maximum Reach Distance : MRD) 1% 10 BimicEI S, 1 BN
10%MRD & 722 KO ICEHR SN, KR 2 & 8fiME, o, BEFLNT

A —Z ONYEEPEATIZH N BT,

3—2— 7. Wi

770 v REME T 4 — L5540 T MRD % T 572912, G0 H 5 t REM
Muvbi7z. Cohen DR & (d) & 95WIEMIXH &R Sz, AFFETIE, NAF
AH =7 2% (BEAE L TEL, BERD) 28BS, —7 = A% U —F ik
DREBNEM ZFHET 5 BT, ENE SehlED o (h—7 = AKMEX T —F iR
HE) BHWsZ. REERPRObNT5E, EORE CRIFMIZZEZR O o %
BT LI, Ry 7z —=E TSN ZERBEITo72. 7k, REEANGE
DHNRNEEIZENTS, —7 = X KL L HM BN RRED T DI RO L H
e z24To7. o2 ®EDRELE LTHEHE L (3’ values; 0.01 = small, 0.06 = medium,
and0.14 = large) . A E/KHEIL 5% AT & L7z, HEatdTii, =AY 7 b SPSS statistics

software (\Version 25.0, Chicago, IL) % A 7=.
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3—3. fEE
3—3—1. &KV —F i
BRYU—FMEREL, 74— A5 BNT, 5970 FEBEL D A BICEEEZ R L

7= (Mean Difference = 4.58; 95% CI [3.50, 5.66]; Effect Size = 0.56; p < 0.001) (Figure 6,

Table 8) .
(%) Maximum Reach Distance (Mean)
el Subject1
140'0 —8—Subject2
Subject3
1300 Subject4
—8—Subject5
1200 - —8— Subject6
——— == Subject7
— =—@=—Subject8
110.0 ." —— 7_____——. == Subjectd
]00 0 p | —8—Subject10
. — —e—Subject1l
%—” —8—"Subject12
900 Subject13
Subject14
800 Subject15
Subject16
IAVAN —o—Subject17
A e
= Subject19
0 0 == Subject20

Ground Foam
Figure 6. The maximum reach distance diference between Ground and Foam conditions.

Table 8. Statistical variables on the MRD.

Ground Foam
N 20 20
Mean 107.01 102.43
SD 8.73 7.74
95%CI 4.09 3.62
Upp 111.10 106.05
Low 102.93 98.81
MD 4.58
SD pooled 8.25
ES (Cohen’s d) 0.56

Table 8. List of Abbreviations: MRD: Maximum reach distance; N: Number; SD: Standard deviation; Cl: Confidential
interval; Upp: Upper; Low: Lower; MD: Mean difference; ES: Effect size.
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3—3—2. HEMAE
3—3—2—1. CB
P—7 = A5 L R YR AE (F(2.5,48.0)=11.6, p<0.001,1>=0.38) L OVER

EAMIERA E (F(3.4,64.9)=2.97,p=0.032,12=0.14) I[CA B X HI/ERZ#R DT, oF 0,
7 A — LEFIZBWT SEBT %N U —FEREEICAE O RBEfiFx~T ¢ 7 ATELL
7=, SRR A 1T 10 05 40%MRD TV 4 — AR AF EIZKE <, 90-100%MRD
TT I REMOINEREICRE -7 (Figure7). F7=, REIHEISMEMAEIL, 50 7>
5 100%MRD TZ 7 U v REFED IR EVWEZ R L7z (Figure 7). 50 7> 5 100%MRD
T Ty REFICBWTHEICKE 22 2 BEfiNR A ENRD bz (F(L, 19) = 14.06,
p=0.001,m?=0.43) (Figure 7). #EFHEDFEHZ Table 9-11 |27~ .
3—3—2—2. R
WBRE L, 74— LEMHICBNTY T vy REMFIZH L THEIZK X 2215 B th
(F(1,19)=6.25,p=0.022,1°=0.25) BLONKAE (F(1,19)=12.7,p=0.002,1*=0.4)
Zor L7z, #BRE1E, 10 25 60%MRD BRI 7 4 — 4 B TR & 2Bt 247 - 72 (Figure
8). F£7z, 80 & 90%MRD LIAADAETHJRET, 7+ — L&KM T THEIZKRE RENX
%A~ LTz (Figure8). K EoBEBIEEIREICEI LTI, &M TAHERZITR
bivZeholz (p=0.23). #aHEDOFEM 4 Table 12, 13 (2787
3—3—2—3. %P
WL, 74 —25M T T 10 205 30%MRD OYIH R CH EIC K & 72 1% B
Hizr L7z (F(1, 19)=4.7,p=0.043,1?=0.20) (Figure 9). FxBIEIRTAERE S L OVKFEHE
FOFBBIZE L TR, S THERETEO b oo (EnEh, p=0.29,043).

WFHE O FERN A Table 14 [ 27R9.
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Figure 7. Ankle joint kinematics. Joint kinematics of ankle dorsiflexion, inversion, and external rotation
(negative) during the posteromedial reach task (10 = 0-10% Maximum Reach Distance, 100 = 91-100%
Maximum Reach Distance) for the ground (black) and foam (gray) condition. The gray box indicates a

significant difference (p < 0.05) between conditions.
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Table 9. Pairwise comparisons for Ankle Dorsiflexion

95% Confidence

Phase (Y%oMaximum 0] @) -Mean Std. Interval for Difference®
Reach Distance) ~ Condition Condition Difference Error Sig” Lower Upper
() Bound Bound
10 Ground Foam -1.564" 0.73 0.045 -3.091 -0.037
20 Ground Foam -1.688" 0.756 0.038 -3.27 -0.106
30 Ground Foam -1.839° 0.83 0.039 -3.577 -0.102
40 Ground Foam -1.914" 0.889 0.044 -3.775 -0.053
50 Ground Foam -1.631 0901 0.086 -3.516 0.254
60 Ground Foam -1416 0.824 0.102 -3.141 0.309
70 Ground Foam -1.023 0.82 0.228 -2.739 0.694
80 Ground Foam 0293 0.606 0.634 -0.974 1.561
90 Ground Foam 1.273°  0.463 0.013 0.303 2.242
100 Ground Foam 1.969° 0.545 0.002 0.829 3.11
Table 9. Based on estimated marginal means; *: The mean difference is significant at the .05 level;
b: Adjustment for multiple comparisons: Bonferroni.
Table 10. Pairwise comparisons for Ankle Inversion
95% Confidence
Phase () ) Mean Std. Interval for Difference”
(YoMaximum . " Difference Sig.?
Reach Distance) Condition  Condition () Error Lower Upper
Bound Bound
10 Ground Foam 0.444 0.221  0.059 -0.018 0.906
20 Ground Foam 0.332 0.191 0.098 -0.067 0.732
30 Ground Foam 0.304 0.211 0.166 -0.138 0.745
40 Ground Foam 0.508 0.261 0.066 -0.037 1.054
50 Ground Foam 722" 0.282 0.019 0.131 1.313
60 Ground Foam 656" 0.235 0.012 0.163 1.148
70 Ground Foam 724" 0.273 0.016 0.152 1.295
80 Ground Foam 892" 0.205 <0.001 0.462 1.321
90 Ground Foam 976" 0.192 <0.001 0.575 1.378
100 Ground Foam 974" 0.286  0.003 0.375 1.574
Table 10. Based on estimated marginal means; *: The mean difference is significant at the .05 level;

b: Adjustment for multiple comparisons: Bonferroni.
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Table 11. Pairwise comparisons for Ankle External Rotation (negative)

95% Confidence Interval

Phase (YoMaximum ) @) -Mean Std. _ for Difference®

Reach Distance) ~ Condition Condition DIference & ror Sig” Lower Upper
- Bound Bound

10 Ground Foam -1.445  0.729 0.062 -2.971 0.081

20 Ground Foam -0.978 0.687 0.171 -2.416 0.46

30 Ground Foam -0.86 0.792 0.291 -2.517 0.798

40 Ground Foam -1.721 096 0.089 -3.73 0.288
50 Ground Foam -2.541"  1.049 0.026 -4.737 -0.344

60 Ground Foam -2.347°  0.911 0.019 -4.254 -0.44
70 Ground Foam -2.745°  0.959 0.01 -4.752 -0.738
80 Ground Foam -3.381"  0.737 <0.001 -4.924 -1.838
90 Ground Foam -3.966° 0.76 <0.001 -5.557 -2.375
100 Ground Foam -3.843"  0.971 0.001 -5.875 -1.812
Table 11. Based on estimated marginal means; *: The mean difference is significantat the .05 level; b:

Adjustment for multiple comparisons: Bonferroni.
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Figure 8. Knee joint kinematics. Joint kinematics of knee flexion, varus, and internal rotation during the
posteromedial reach task (10 = 0-10% Maximum Reach Distance, 100 = 91-100% Maximum Reach
Distance) for the ground (black) and foam (gray) condition. The gray box indicates a significant difference
(p < 0.05) between conditions.

62



Table 12. Pairwise comparisons for Knee Flexion

95% Confidence Interval

Phase Mean . b
i U] @) i Std. ) for Difference
(YoMaximum - " Difference Sig.”
) Condition  Condition Error Lower Upper
Reach Distance) (1-J)
Bound Bound
10 Ground Foam -3.049" 0.815  0.001 -4.756 -1.343
20 Ground Foam -2.569" 0.904 0.01 -4.462 -0.676
30 Ground Foam -3.186" 1.189 0.015 -5.675 -0.697
40 Ground Foam -3.545" 1.441 0.024 -6.561 -0.53
50 Ground Foam -3.598" 1.553 0.032 -6.849 -0.347
60 Ground Foam -3.892" 1.649 0.029 -7.343 -0.441
70 Ground Foam -3.295 1.646 0.06 -6.74 0.15
80 Ground Foam -2.09 1.383 0.147 -4.984 0.804
90 Ground Foam -1.06 1.132 0.361 -3.43 1.31
100 Ground Foam 0.235 1.336 0.862 -2.561 3.031
Table 12. Based on estimated marginal means; *: The mean difference is significant at the .05 level; b:

Adjustment for multiple comparisons: Bonferroni.

Table 13. Pairwise comparisons for Knee Varus

95% Confidence Interval

Phase (%Maximum n ) -Mean Std. b for Difference”

Reach Distance) Condition  Condition Difference Error 510 Lower Upper
() Bound Bound

10 Ground Foam -1.307°  0.356 0.002 -2.053 -0.562

20 Ground Foam -985  0.383 0.019 -1.786 -0.183

30 Ground Foam -1.1377 049 0.031 -2.162 -0.113

40 Ground Foam -1.225  0.486 0.021 -2.242 -0.207

50 Ground Foam -1.416  0.378 0.001 -2.207 -0.625

60 Ground Foam -1.132° 0395 0.01 -1.96 -0.305

70 Ground Foam -1.080° 0.455 0.028 -2.033 -0.127

80 Ground Foam -0.838  0.573 0.16 -2.038 0.362

90 Ground Foam -0.956  0.606 0.131 -2.224 0.313

100 Ground Foam -1.237°  0.506 0.024 -2.295 -0.179

Table 13. Based on estimated marginal means; *: The mean difference is significant at the .05 level; b:

Adjustment for multiple comparisons: Bonferroni.
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Figure 9. Hip joint kinematics. Joint kinematics of hip flexion, ab/adduction, and internal rotation during the
posteromedial reach task (10 = 0-10% Maximum Reach Distance, 100 = 91-100% Maximum Reach
Distance) for the ground (black) and foam (gray) condition. The gray box indicates a significant difference

(p < 0.05) between conditions.
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Table 14. Pairwise comparisons for Hip Flexion

Phase

Mean

95% Confidence Interval

_ ) @) _ Std. _ for Difference®
(YoMaximum - C Difference Sig.
) Condition  Condition Error Lower Upper
Reach Distance) (1-J)
Bound Bound
10 Ground Foam -2.946" 0.895 0.004 -4.82 -1.072
20 Ground Foam -2.245" 0.879 0.019 -4.086 -0.404
30 Ground Foam -2.150" 1.001 0.045 -4.246 -0.054
40 Ground Foam -2.145 1.093 0.065 -4.433 0.143
50 Ground Foam -2.16 1.156 0.077 -4.58 0.26
60 Ground Foam -2.28 1.138 0.06 -4.661 0.101
70 Ground Foam -1.935 1.073 0.087 -4,181 0.311
80 Ground Foam -1.365 0.977 0.179 -3.41 0.68
90 Ground Foam -0.785 1 0.442 -2.878 1.308
100 Ground Foam 1 1.09 0.371 -1.282 3.282
Table 14. Based on estimated marginal means; *: The mean difference is significant at the .05 level; b:

Adjustment for multiple comparisons: Bonferroni.
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Figure 10. Trunk kinematics. Kinematics of trunk flexion, lateral tilt (negative), and internal rotation during
the posteromedial reach task (10 = 0-10% Maximum Reach Distance, 100 = 91-100% Maximum Reach
Distance) for the ground (black) and foam (gray) condition. The gray box indicates a significant difference
(p < 0.05) between conditions.
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Table 15. Pairwise comparisons for Trunk Flexion

95% Confidence Interval

Phase Mean . b
) n () ) Std. b for Difference
(%Maximum . _ Difference Sig.
. Condition Condition Error Lower Upper
Reach Distance) (1-J)
Bound Bound
10 Ground ~ Foam  -1.134° 0492 0.033 -2.164 -0.104
20 Ground Foam -0.68 0.474 0.167 -1.672 0.312
30 Ground Foam -0.547 0498 0.285 -1.589 0.494
40 Ground Foam -0.547  0.564 0.344 -1.726 0.633
50 Ground Foam -0.488 0.647 0.461 -1.842 0.867
60 Ground Foam -0.602  0.655 0.37 -1.972 0.769
70 Ground Foam -0.53 0.654 0.428 -1.898 0.838
80 Ground Foam -0.364 0.624 0.566 -1.67 0.941
90 Ground Foam 0.117 0.706  0.87 -1.361 1.595
100 Ground ~ Foam 1.861° 0.808 0.033 0.17 3.551
Table 15. Based on estimated marginal means; *: The mean difference is significantat the .05 level; b:

Adjustment for multiple comparisons: Bonferroni.

67



3—3—3. @mh&EFERL
3—3—3—1. {ii&

WBRHE D COM & COP IZZNENT 4+ — LK TFICB W T/ 70y REMETICHL
THEBEIIMUNALE L Tz (FRFh, F(1,19) =525, p <0.001, n? = 0.79; F(1, 19) =
55.0,p<0.001,m1°=0.74)  (Figure11) . F.L:B X OVREF L ORTE T AN BT HALE IS
X, RUMTHEERETRD DN o (ENEh, p=0.10,081) . HEHEOEM

% Table 16, 17 |Z7177".

N
o

125

=
w

120

=
(=]

115

w

110

o

105

COM Position
Lateral (-)/Medial (+), mm

COM Position
Posterior (-)/Anterior (+), mm

&
(=]

100

10 20 30 40 50 60 70 80 90 100 0 20 30 40 50 60 70 20 20 100
Phase, % of Maximum Reach Distance Phase, % of Maximum Reach Distance
14 £ 136
£
E 12 E‘ 134
- 10 F
F = 132
c -t- 8 c =
2T c .2
- = 6 - = 130
09 a 8 S s
a s a E-E.
5= & = ue
(@] : 0 O
E 2 .g 124
Q S
" 4 8 1
i | v
o
-6 a 120
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

Phase, % of Maximum Reach Distance Phase, % of Maximum Reach Distance

Figure 11. The medial/lateral and anterior/posterior position of the center of mass and center of pressure during
the posteromedial reach task (10 = 0-10% Maximum Reach Distance, 100 = 91-100% Maximum Reach Distance)
for the ground (black) and foam (gray) condition. The gray box indicates a significant difference (p < 0.05)

between conditions.
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Table 16. Pairwise comparisons for COM Medial/Lateral Position

Phase 95% Confidence Interval
(YoMaximum ) ) Diff':::r;e Std. Sig? for Difference®
Reach Condition  Condition Error Lower Upper
Distance) ) Bound Bound
10 Ground Foam 11.100" 1.591 <0.001 7.77 14.43
20 Ground Foam 10.450" 1.598 <0.001 7.104 13.796
30 Ground Foam 10.250" 1.654 <0.001 6.788 13.712
40 Ground Foam 10.700" 1.662 <0.001 7.22 14.18
50 Ground Foam 10.900" 1.649 <0.001 7.448 14.352
60 Ground Foam 10.950" 1671 <0.001 7.453 14.447
70 Ground Foam 11.250" 1.593 <0.001 7.917 14.583
80 Ground Foam 11.900" 1.632 <0.001 8.485 15.315
90 Ground Foam 12.300" 1.871 <0.001 8.384 16.216
100 Ground Foam 11.550" 1.725 <0.001 7.939 15.161

Table 16. Based on estimated marginal means; *: The mean difference is significant at the .05 level; b:

Adjustment for multiple comparisons: Bonferroni.

Table 17. Pairwise comparisons for COP Medial/Lateral Position

95% Confidence
Phase Mean . b
i Q) ) . Std. ) Interval for Difference
(Y%oMaximum o o Difference Sig.°
) Condition Condition Error Lower Upper
Reach Distance) (1-J)
Bound Bound
10 Ground Foam 11.800" 1.803 <0.001 8.026 15.574
20 Ground Foam 9.400" 1.463 <0.001 6.339 12.461
30 Ground Foam 8.800" 1.888 <0.001 4.847 12.753
40 Ground Foam 10.850" 2.337 <0.001 5.96 15.74
50 Ground Foam 12.500" 2.419 <0.001 7.438 17.562
60 Ground Foam 10.300" 2.144 <0.001 5.813 14.787
70 Ground Foam 12.150" 1.68 <0.001 8.634 15.666
80 Ground Foam 12.400" 1.602 <0.001 9.048 15.752
90 Ground Foam 13.600" 2.342 <0.001 8.698 18.502
100 Ground Foam 11.500" 1.967 <0.001 7.382 15.618

Table 17. Based on estimated marginal means; *: The mean difference is significant at the .05 level; b:

Adjustment for multiple comparisons: Bonferroni.
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Figure 12. The medial/lateral and anterior/posterior displacement of the center of mass and center of pressure
during the posteromedial reach task (10 = 0-10% Maximum Reach Distance, 100 = 91-100% Maximum Reach
Distance) for the ground (black) and foam (gray) condition. The gray box indicates a significant difference (p
< 0.05) between conditions.
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Table 18. Pairwise comparisons for COM Anterior/Posterior Displacement

95% Confidence Interval

Phase Mean i b
) (n ) . Std. ) for Difference
(YoMaximum . » Difference Sig.”
. Condition Condition Error Lower Upper
Reach Distance) (1-J)
Bound Bound
10 Ground Foam -0.368 0.359  0.318 -1.118 0.383
20 Ground Foam -1.417 0.897 0.13 -3.294 0.459
30 Ground Foam -2.098 1.155  0.085 -4.516 0.319
40 Ground Foam -2.792 1.34 0.051 -5.598 0.014
50 Ground Foam -3.657° 1588  0.033 -6.981 -0.333
60 Ground Foam -4570°  1.927  0.028 -8.604 -0.536
70 Ground Foam -5.397" 2095 0.019 -9.782 -1.012
80 Ground  Foam -5.845"  2.053  0.01 -10.143 -1.548
90 Ground Foam -5.036" 2095  0.027 -9.42 -0.651
100 Ground Foam -3.973 2498  0.128 -9.202 1.256
Table 18. Based on estimated marginal means; *: The mean difference is significant at the .05 level; b:

Adjustment for multiple comparisons: Bonferroni.

Table 19. Pairwise comparisons for COP Anterior/Posterior Displacement

Phase

Mean

95% Confidence Interval for

Q) ) Std. Difference®
(YoMaximum " " Difference Sig.?
) Condition  Condition Error Lower
Reach Distance) (1-J) Upper Bound

Bound

10 Ground Foam -1.909° 0.891 0.045 -3.774 -0.044

20 Ground Foam -5.140" 1.8 0.01 -8.908 -1.372

30 Ground Foam -5.765° 2278  0.02 -10.534 -0.996

40 Ground Foam -5.028  2.609 0.069 -10.49 0.433

50 Ground Foam -6.398" 2.861 0.038 -12.386 -0.409

60 Ground Foam -7.116" 2.876  0.023 -13.136 -1.095

70 Ground Foam -8.243" 3.119 0.016 -14.772 -1.715

80 Ground Foam -9.360° 2.665 0.002 -14.938 -3.781

90 Ground Foam -6.171" 2622  0.03 -11.66 -0.682

100 Ground Foam -6.809  3.624 0.076 -14.393 0.775

Table 19. Based on estimated marginal means; *: The mean difference is significant at

Adjustment for multiple comparisons: Bonferroni.
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