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Figure 1. The updated model of chronic ankle instability (CAl). The outcome is determined at least 12 months after the initial ankle sprain.
Abbreviations: ATFL, anterior talofibular ligament; CFL, calcaneofibular ligament; HRQOL, health-related quality of life.



Double leg stance (firm surface) Tandem stance (firm surface) Single leg stance (firm surface)
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All tests are initiated and lasts for 20 seconds when the patients closes his/her eyes.



Double leg stance (firm surface)

Errors

[1] Moving the hands off the hips

[2] Opening the eyes

[3] Step, stumble, or fall

[4] Abduction or flexion of the hip >30
degrees

[5] Lifting the forefoot or heel off the testing
surface

[6] Remaining out of the proper test position
for >5 seconds



Tandem stance (firm surface)

Errors

[1] Moving the hands off the hips

[2] Opening the eyes

[3] Step, stumble, or fall

[4] Abduction or flexion of the hip >30
degrees

[5] Lifting the forefoot or heel off the testing
surface

[6] Remaining out of the proper test position
for >5 seconds



Single leg stance (firm surface)

Errors

[1] Moving the hands off the hips

[2] Opening the eyes

[3] Step, stumble, or fall

[4] Abduction or flexion of the hip >30
degrees

[5] Lifting the forefoot or heel off the testing
surface

[6] Remaining out of the proper test position
for >5 seconds



Errors

[1] Moving the hands off the hips

[2] Opening the eyes

[3] Step, stumble, or fall

[4] Abduction or flexion of the hip >30
degrees

[5] Lifting the forefoot or heel off the testing
surface

[6] Remaining out of the proper test position
for >5 seconds

Double leg stance (foam surface)



Errors

[1] Moving the hands off the hips

[2] Opening the eyes

[3] Step, stumble, or fall

[4] Abduction or flexion of the hip >30
degrees

[5] Lifting the forefoot or heel off the testing
surface

[6] Remaining out of the proper test position
for >5 seconds

Tandem stance (foam surface)






Errors

[1] Moving the hands off the hips

[2] Opening the eyes

[3] Step, stumble, or fall

[4] Abduction or flexion of the hip >30
degrees

[5] Lifting the forefoot or heel off the testing
surface

[6] Remaining out of the proper test position
for >5 seconds

Single leg stance (foam surface)
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Balance errors made by Player A as assessed via performance on the Balance Error Scoring System.




No errors were made by Player A when completing the double leg stance (firm surface) task. Hence,
this task will not challenge the sensorimotor system and its incorporation into a rehabilitation
programme would be redundant.

Player A made 2 errors whilst completing the tandem stance (firm surface) task and the double leg
stance (foam surface) task. This low number of errors would suggest that these tasks should only
constitute a minority component (i.e. small percentage) of the total time devoted to postural balance
exercises.

Player A made 5 errors whilst completing the single leg stance (firm surface) task and the tandem
stance (foam surface) task. This is a substantial number of errors for each of these tasks and suggests
that they are appropriately challenging the sensorimotor system; they are not so easy such that he can
complete them with minimal errors, whilst they are not so difficult such that he cannot complete them
at all. Therefore, it would be prudent to include these tasks as key exercises of the postural balance
component of his rehabilitation programme.

Player A made 10 errors (i.e. the maximum number of errors) whilst completing the single leg stance
(foam surface) task. This suggests that this task is too challenging (at this time point) for the
sensorimotor system and should not be included as an initial exercise of the postural balance

component of his rehabilitation programme.
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BESS Single leg stance firm surface (Injured limb vs
Non-injured limb)

B

Injured Non-injured

Concept of limb asymmetry
Applicable to:
[1] BESS Tandem stance (firm surface)
[2] BESS Single leg stance (firm surface)
[3] BESS Tandem stance (foam surface)
[4] BESS Single leg stance (foam surface)






Nashner and McCollum were the first to propose the existence of two postural
control strategies that can be used either independently or in conjunction by the
central motor programme based on the feedback received from sensory afferents

in order to achieve adaptable control of the COP within the supporting base
(Nashner and McCollum, 1985):

the synchronous exploitation of torques around the ankle joint that constitutes the
‘ankle strategy’ is appropriate for subtle changes in postural control while a ‘hip
strategy’, which generates shear forces around the hip joint, compensates for more

substantial disturbances in equilibrium (Hwang et al., 2009; Nashner and
McCollum, 1985).
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ABSTRACT
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Lower Limb int Postam | ionOne Yearafier Fist-Time Laseml Ankle Sprain Aed S, Spovts Bxere, V.47, No. 11,
Pp- 23982405, 11S. Loags amalyses of pasticp with a history of heml ankle sprain am lacking. This
imvestigation combined masares of lower limb inteqjol L and ik © evalate sutic unipadal stance with the
eyes open 1) and closed 2) i a grasp of participants with cheomic anide msubility (CAI) compared o Lseral

ankle spmin “copers® (bath monated 12 months after sestining an acute fist 2ime | ateral anicle sprain) and a gaoep of noninjeed contrals.

y-cight pasm with CAL42 frain *copes,” and 1npawd cnmok Bhree 20.5 single-
limb stmce traks in conditions 1 and 2. An adjasted coeffi 1 e Wik wsed 90 comgp b thave-
dimensiom | kinematic data for sim ilanity 10 establish pasterss of & The fracal of e sance limb center
of pessare path was akso calculsed Results: Between grasp analyses revenled thar pasic ipanss with CAl displayed sonble incomses in
amicle-bip liked, pamd with bosh Leen] ankle spmin “copes" (— 0.2 (1.05) vs Q2% (0.9), P~ 0.007) and contols (- 0.2
(1.05) vs 0.63 0.69, P = 0.006) in condition 1 and compared with controlks caly (0.62 (1.92) vs 0.1 (1.0) P = 0.002) in condition 2.
Pasticipants with CAl akeo exhibited 2 decrense in $he fractl dimension of the center-of pressare path during condition 2 compared
with both comtmols and laeral ankle sprain “copes.” Condusions: Participanss with CAl presest with a hip-dominant swaegy of
eyes-open and eyes-closad static unipedal stance. This ided with reduced complexity of the stance limb center of pressuoe path in
Be eyeschsed condition. Key Werds: ANKLE JOINT, BIOMECHANICAL PHENOMENA, KINEMATICS, KINETICS, POS-
TURAL BALANCE, JOINT INSTABILITY

ateral ankle sprain (LAS) injury pervades a variety of

activities, with between 0.88 (95% confidence inter-

val (CI), 0.73-1.02) and seven (95% CL, 682-7.18)
injury events occurring per 1000 exposures depending on
the activity type (11). The prevalence of this injury in awide
range of spors and activities i further complicated by is
capacity 1 deteriorate into an array of chronic sequelse and
injury recurrence, collectively termed chronic ankle insta-
Bility (CAT) (7,15-17), which has been linked to limitations
in future physical activity participation (1).
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Although CAl is considered a multifaceted condition with
a range of consequences, persisient deficits in single-limb
stance (SLS) postural control ies are well established
in individuals with CAI (18,26,36) and may be consequent
upon a change in neural signaling after the initial ankle joint
trauma (14). This theory has since been tested in previous
studies comparing individuals with history of LAS with
noninjured controls (13), with a new hypothesis emerging
whereby the long-term outcome afier LAS i dependent on
the success or failure of the newly adopted post-LAS pos-
tural control strategies (34,35). This has yet © be confirmed
however, as there is currently an absence of longitudinal
investigations, which prospectively track the restoration
or degradation of p 1 | strategies after an ini-
tial LAS.

More recently, LAS “copers,” who have history of LAS
and have experienced a ion of preinjury levels of
function in the year after initial injury (15-17,34), have been
compared with individuals with CAI during SLS (36); this is
considered to provide a more rel pari
in laying the foundation for longitudinal analyses and the de-
velopment of clinical outcome models for the CAI paradigm




A deterioration in ankle joint function following LAS impairs the
sensorimotor system's ability to maintain unilateral stance balance
using ankle-dominant strategies of postural control.




The primary implication of the current findings for clinicians is that postural control strategies
continue to be altered 6-months following acute ankle sprain injury, with the hip seemingly playing
a significant compensatory role for the injured ankle.

Re-weighted dominance on hip joint strategies may have a local ‘detraining’ effect at the ankle. If
the ankle is then unable to fulfil its primary role in completing the local movement subtleties
required for normal unperturbed standing balance (Nashner and McCollum, 1985), this may

contribute to instability.

Clinicians must devise rehabilitation protocols with these issues in mind, and must consider the
importance of administering these protocols in the months following the injury if self-reported
functional deficits persist.




Participants with chronic ankle instability
present with a hip-dominant strategy of eyes-
open and eyes-closed static unipedal stance.

This coincided with reduced complexity of the
stance-limb centre of pressure path in the eyes-
closed condition.
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eyes-open and eyes-closad static unipedal stance. This coincided with reduced complexity of he stance limb center of pressuse path in
e eyeschosed condition. Key Weords: ANKLE JOINT, BIOMECHANICAL PHENOMENA, KINEMATICS, KINETICS, POS-
TURAL BALANCE, JOINT INSTABILITY

Ensure adequate hip strength
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ateral ankle sprain (LAS) injury pervades a variety of

activities, with between 0.88 (95% confidence inter-

val (CI), 0.73-1.02) and seven (95% CI, 6.82-7.18)
injury events occurring per 1000 exposures depending on
the activity type (11). The prevalence of this injury in a wide
range of spors and activities i further complicated by is
capacity © deteriorate into an array of chronic sequelse and
injury recurrence, collectively termed chronic ankle insta-
Eliy (CAT) (7,15-17), which has been linked to limitations
in future physical activity participation (1).
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Although CAl is considered a muktifaceted condition with
a range of consequences, persisient deficits in single-limb
stance (SLS) postural control gies are well established
in individuaks with CAI (18,26,36) and may be consequent
upon a change in neural signaling after the initial ankle joint
trauma (14). This theory has since been tested in previous
studies comparing individuals with history of LAS with
noninjured controls (13), with a new hypothesis emerging
whereby the long-term outcome afier LAS is dependent on
the success or failure of the newly adopied post-LAS pos-
tural control strategies (34,35). This has yet © be confirmed
however, as there is currently an absence of longitudinal
mvesuganons, which prospectively track the restoration
or deg of p 1 | strategies after an ini-
tial LAS.

More recently, LAS “copers,” who have history of LAS
and have experienced a restoration of preinjury levelk of
function in the year after initial injury (15-17,34), have been
compared with individuals with CAI d\lng SLS (36); |h|s is
considered to provide a ger, more
in laying the foundation for longitudinal analy and the de-
velopment of clinical outcome models for the CAI paradigm
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Using the Star Excursion Balance Test to Assess
Dynamic Postural-Control Deficits and Outcomes
in Lower Extremity Injury: A Literature and

Systematic Review

Phillip A. Gribble, PhD, ATC*; Jay Hertel, PhD, ATC, FNATA, FACSM{;

Phil Plisky, DSc, PT, OCS, ATC%

*University of Toledo, OH; tUniversity of Virginia, Charlottesville; $University of Evansville, IN

Context: A dyramic postumi-control task hat has gained
notariety in the clinical and research settings is the Star
Excursion Balance Test (SEBT). Researchers have suggested
that, with appropriate instruction and practice by the indvidual
and normalization of he reaching distances, the SEBT can be
me!top«moeoqecwennaareetoaﬁmndeicmm

nts k 0 lower
exwmyimrymdmmdfaw and it has the potental to
predict bwer extremity injury. However, no one has reviewed
this body of Merature to determine the usefulness of the SEBT in
clinical agplications.

Objective: To provide a namratve review of the SEBT and its
impementaton and the known contsbutions to task perfor
mance and to sysiematcally review the associated Merature to
address he SEBT's usefulness as a clinical tod for the

Data Sources: Datsbases used to locate peer-reviewed
artides published fram 1980 and 2010 included Derwent
Innovatons Index, BIOSIS Previews, Joumal Citation Reports,
and MEDLINE.

Study Selection: The criteria for artcle selection were (1)
The study was onginal research. (2) The study was writien in
English. (3) The SEBT was used as a measurement tool.

Dats Extraction: Specfc data extacted from he articles
included he abiity of he SEBT to differentate pathdogic
cmmnonsofmmetextefmy the effecs of external

and inter and ouicames from exercise
Interventon and 10 predict lower extremity injury.

Data Synthesis: More than a decade of researchfindings has
established a comprehensive portfolio of validity for the SEBT,
and it should be dered a highly representatve,
mented balance test for physically actve indviduals.
The SEBT has been shown to be a relisble measure and has
valdity as a dynamic 1est to predict risk of lower extremity injury,
to idertify dynamic bance deficits in patents with a variety of

lower extremity. Clinicians and researchers should be confident
In employing the SEBT as a lower extremity functonal test.

Key Words: clinical balance, f al tests, dy
balance tests, dynamic postural-control tasks

Key Points
. mswmmmvumuw:mwmmmmmu

physically active

» The Star Excursion Balance Test is a reilable measure and a valid dynamic test 1o predict risk of lower extremity injury, b
wwtmdmnmmmmm and to be responsive 10 raining programs

healthy paricipants and those with lower extremity

evaluate risk of injury, initial deficits resulting from

injury, and level of improvement after intervention
for an injury. Postural-control and balance can be grouped
into static and dynmamic categories.™4 Static postural-
control tasks require the individual to establish a stable
base of support and maintain this position while minimiz-
ing segment and body movement during the assessment.
These assessments can be conducted with instrumented
equipment, such as a force platform, or valid, reliable
clinical scales, such as the Balance Error Scoring Sys-
tem!-3.5720 or Berg Balance Scale.!2! Whereas static

C]im'dans often use postural-control assessments to

measures of postural-control provide useful clinical infor-
mation, the underlying task of standing as still as possible
might not translate necessarily to movement tasks during
physical activity.

Conversely, dynamic postural-control involves some
level of expected movement around a base of support.
This might involve tasks, such as jumping or hopping to a
new location and immediately attempting to remain as
motionless as possible or attempting to create purposeful
segment movements (reaching) without compromising the
established base of support. Although these dynamic
measures of postural stability do not exactly replicate

Joumal of Athletic Training 339
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Table 7. Performance Recommendations

Recommendation

Rationale

Shoes off
4 Practice trials27
Video instruction

Control testing ordera

Keep starting position of the stance foot in a uniform and reproducible
position to which the reach foot can be referenced. Different
methods are used for aligning the stance foot. A recent method is
to have the stance foot aligned at the most distal aspect of the
toes for forward directions (anterior, anteromedial, and anterolateral)
and the most posterior aspect of the heel for the backward
directions (posterior, posteromedial, and posterolateral).

Minimal stance foot movement is alloweda

Trunk movement allowed under controla

Reach distances (centimeters with 1 decimal place) normalized
to limb length of the stance limb24

Hands placed on hips during trialb

Individuals attend testing in a variety of footwear so it is difficult to standardize

Leaming effect

Likely to increase efficiency of testing protocol and standardizes instruction.
This might be most important when multiple assessors are performing
mass screenings.

Improves consistency in administration of test

In the original test, the foot is centered in the grid. In recent usage, the toes or
heel are aligned at the end of one of the grid lines. This might help to
minimize differences in foot length, potentially influencing reach distances.
The most important thing is that the same foot position is used for all
assessments when comparing sides, before and after intervention, or
when testing multiple patients.

Reduce error from determining if heel/forefoot is lifted slightly from the surface
Difficult to standardize amount of movement allowed
Normalization standardizes measurement to each individual.

Helps to standardize movements outside the trunk and lower limbs

2 References 1-5, 7-9, 11-15, 17-19, 23-27, 29, 31, 33-37, 42, 45-47, and 51-53.
b References 1-3, 5, 7-9, 12-14, 23, 24, 27, 31, 33-37, 42, 46, 51, and 53.



Start position Anterior reach direction Posterior-medial reach direction Posterior-lateral reach direction



Table 1. Ability of the Star Excursion Balance Test to Differentiate Pathologic Conditions: Ankle Instability=

Normalized to
Authors Main Comparison N Leg Length? Result P Value Effect Size (95% CI)
Akbari et al,#7 2006  Unknown direction for injured and uninjured 30 No Injured limb = 84.97 = 10.26 cm .03 0.19 (-0.32, 0.69)
limbs Uninjured limb = 86.8 = 9.34 cm
Gribble et al,22004  Anterior direction for CAI-IS and CAI-US 15 Yes CAKIS = 78.4% * 62% .03 0.53 (-0.21, 1.24)
CAI-US = 81.8% = 66%
Medial direction for CAI-IS and CAI-US 15 Yes CAHIS = 87.5% * 58% .02 0.39 (-0.34, 1.10)
CAI-US = 90.0% = 7.0%
Posteror direction for CAI-IS and CAIFUS 15 Yes CAKIS = 89.0% = 9.3% .01 0.20 (-0.52, 0.92)
CAI-US = 90.9% = 9.3%
Hale et al,” 20072 Posteromedial direction for IS and US 29 Yes IS = 80.0% = 12.5% 047 0.29 (-0.23, 0.80)
US = 83.5% = 11.5%
Posterolateral direction for IS and US 29 Yes IS = 73.5% = 10.5% .007 0.38 (—0.14, 0.90)
US = 77.5% * 10.5%
Lateral direction for IS and US 29 Yes IS = 65.5% = 10.0% .03 0.44 (-0.09, 0.95)
US = 70.0% = 10.5%
Hertel et al,22 2006  Anteromedial direction for CAI-IS and CAl = 48 Yes CAHIS = 80.0% = 10.0% .005 Within groups = 0.21 (-0.22, 0.63)
CAI-US and for CAI-IS and CMS Control = 39 CAI-US = 82.0% = 9.0% Between groups = 0.40 (-0.03, 0.82)
CMS = 84.0% = 10.0%
Medial direction for CAI-IS and CAI-US CAl = 48 Yes CAKIS = 85.0% = 10.0% <.001 Within groups = 0.32 (-0.09, 0.72)
and for CAFIS and CMS Control = 39 CAI-US = 88.0% = 9.0% Between groups = 0.42 (-0.01, 0.84)
CMS = 89.0% = 9.0%
Posteromedial direction for CAI-IS and CAI-US CAl = 48 Yes CAKIS = 85.0% = 13.0% .03 Within groups = 0.31 (-0.10, 0.71)
and for CAIIS and CMS Control = 39 CAI-US = 89.0% * 13.0% Between groups = 0.38 (—-0.05, 0.81)
CMS = 90.0% = 13.0%
Nakagawa and Total for CAl and control (distance height) CAl = 19 Yes CAl = 1.71 = 0.18® .01 0.55 (-0.12, 1.18)
Hoffman,37 2004 Control = 19 Control = 1.80 = 0.15
Olmsted and Hertel,# Total for CAI-IS and CAI-US and for CAHS and CAIl = 20 No CAKIS = 78.6 = 10.66 cm .05 Within groups = 0.24 (-0.39, 0.86)
2004 CMS Control = 20 CAI-US =812 = 1091 cm Between groups = 0.38 (—0.26, 1.00)
CMS =828 = 11.54 cm
Sefton et al,122009  Anteromedial direction for CAHS and CMS CAl = 2 Yes CAFKIS = 88.67% = 6.73% 91 0.04 (-0.56, 0.63)
Control = 21 CMS = 88.90% = 6.10%
Medial direction for CAI-IS and CAI-US 22 Yes CAKIS = 89.11% =* 6.78% .35 0.29 (-0.32, 0.88)
CAIFUS = 91.10% = 7.08%
Posteromedial direction for CAI-IS and CAI-US 22 Yes CALIS = 90.49% = 7.35% 14 0.59 (-0.02, 1.20)
CAI-US = 95.12% = 8.24%
Martinez-Ramirez Anterior direction for CAl and control CAl = 13 Yes CAl = 70.6% * 6.55% =.05 (not specified) 0.74 (-0.09,1.53)
etal 2010 Control = 12 Control = 66.4% = 4.45%
Posteromedial direction for CAl and control CAl = 13 Yes CAl = 89.05% = 7.45% >.05 (not specified) 0.13 (-0.66, 0.91)
Control = 12 Control = 88.05% = 7.05%
Posterolateral direction for CAl and control CAl = 13 Yes CAl = 82.8% = 9.3% =.05 (not specified) 0.32 (-0.48,1.10)
Control = 12 Control = 79.85% * 8.95%

Abbreviations: CAl, chronic ankle instability; CAI-IS, chronic ankle instability of the injured side; CAI-US, chronic ankle instability of the uninjured side; CMS, control matched side; IS, injured side; US,

uninjured side.

# Level of evidence for all entries is 3b, except for that of Hale et al,7 2007, which is 2b. Phillips B, Ball C, Sackett D, et al. The Oxford Centre for Evidence-Based Medicine: Levels of Evidence (March
2009) [updated by Howick J in March 2009]. Oxford Centre for Evidence-Based Medicine. http//www.cebm.net/index.aspx?0=1025. Accessed November 29, 2011.
® Nakagawa and Hoffman37 did not provide units of measure.
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Between-session reliability of the star excursion balance test

Allan G. Munro®, Lee C. Herrington
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ARTICLE INFO ABSTRACT

Article hizory: Objective: %o assess the learning effect, test—retest relishility and measurement error assocated with the
Received 23 April D0 ST
Recshud in revied e Design Repeated-measures study.
: ”‘2””” Setting: Controlled univer sity labortary environment.
¥ Rertidpants: Twenty-two healthy recregtional athletes (11 male 3ge 223 = 37 years 11 female age
28+ 31 yexrs)
z"“ Main Ourome ed ANOVA d & g affect< Intracliss correlations
o meflidents, rd errar of and smallestd, ble difference values were clculated to
Injury ehabdktaion sess relishility and measurement error
Ourome mezsures Resuls: Results showed that excursion distances stabilised after four trials therefare trialks five to seven
were analysed for reliability. Test—retest relizhil haﬂmxhdm:vzh@mhm
mmm@gmoumoszm nfidh dard error of
measurement and smallestdetectabledifference ranged from 77.84 t094.00, 221 zsamdua—usx.
Tes, .
Condusgion: These wﬂlalher" © evaly vhether changes in SEBT scares are due to
change in an individual's d emrthe‘ di dthssudyshawth:th Sl i
ardidble me:mdbngrllmh" inhedthy 1 Changes in lised scores
of & lext 6-8% are needed to feel confident that 2 real change in SEBT performance hax ocaurred.
© 200 Elsevier Led. All rights reserved.
1. Introduction a simple, low-cost alternative to more sophisticared Liboratory

Dynamic postural control is described as the ability to maintain
a stable base of support whil st completing a prescribed movement
(Winter, Patla, & Frank, 1990) and underpins the performance of

assessments for use in clinical settings

The SEBT involves participants canying out a number of
reaching tasks with one limb whilst maintaining balance on the
other (Hertel et al, 2000). The SEBT i a closed-kinetic chain

movement skills in the athletic population. The Star E ’

Balance Test (SEBT) has been reported to assess dynamic balance
and challenge athletes sufficiently (Hertel, Miller, & Denegar, 2000,
Kinzey & Armstrong, 1998) The SEBT has been widely used in
research and dinial p 1o examine topics, such as
chronic ankle instability (CAl) (Gribble, Hertel, Denegar, & Budkley,
2004; Hertel Braham, Hale, & Olmsted-Kramer, 2006, Olmsted,
Carda, Hertel & Shultz, 2002), anterior cruciate ligament (ACL)
injury (Herrington, Hatcher, Hatcher, & McNicholas, 2009), injury
prediction (Plisky, Rauh, Kaminski & Underwood, 2006) and the
effect of patellar taping (Aminaka & Gribble, 2008). The SEBT offers

* Comesponding author Discoae of Spart, Bexke and Plysiaherapy Alles-
ton Bullding, Rad G of Saford, L MS &PUL
Unind Kingdom. Ted : 449512956511

E-mail adtres: A G Munro@pg saifordac sk (AL Munro).

1466-353X$ — see front mamer © 2000 Bsevier Lad All rights msenved
G0d: 30,101 § jpesp. 20 90.00.002

ise which mimics the single-leg squat exerdse and therefore
the stance leg requires strength, proprioception, neuromuscular
control and adequate range of motion at the hip, knee and ankle
joints (Olmsted et al, 2002).

One problem which has been associated with the SEBT is the
time-consuming protocol This protocol involves partic pants per-
forming 6 practice trials in each direction before undertaking
afurther 3 measured trials and is based on the results of Hertel etal.
(Hertel etal . 2000). Hertel and colleagues suggested this number of
practice trials were necessary as they found significant leaming
effects occurred across trials 1 to 6 during esting with scores
stabilising and longest excursion distance occurring from triaks 7
onwards This was further reflected in higher reliability scores for
trials 71012 d totrials 1 through 6. However, the authors
administered the 12 trials in 4 blocks on 2 separate days which
may have affected performance between trials. Participants were
ako allowed to use their arms freely, which does not reflect the




Table 2
Mean, 95% confidence intervals, standard error of measurement, smallest detectable

difference and intraclass correlation coefficient values for normalised trials 5—7 of
all reach directions.

Direction Mean 95% (I SEM SDD ICC

Anterior 92.73 92.12 93.34 248 6.87 0.84
Anterior—medial 93.43 92.87 94.00 2.21 6.13 0.85
Anterior—lateral 78.60 77.84 79.37 2.78 7.71 0.87
Medial 92.01 91.30 92.71 2.67 7.40 0.86
Lateral 80.43 79.52 81.34 2.77 7.68 0.91
Posterior 87.33 86.36 88.31 2.79 7.73 0.92
Posterior—medial 89.25 88.47 90.02 2.94 8.15 0.86
Posterior—lateral 83.69 82.78 84.61 2.62 7.11 0.92

Note: all values except ICC are normalised excursion distance (excursion distance/

leg length x 100).
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Effect of unsupervised home based proprioceptive training
on recurrences of ankle sprain: randomised controlled trial

Maarten D W Hupperets, PhD student,’ Evert A L M Veerhagen, senior researcher,’” Willem van Mechelen,

professor’?

ABSTRACT
Objedtive To evaluate the effectiveness of an
unsupervised propfioceptive taining prog on

INTRODUCTION
ar participation in physical activity and sportsis
beneficial for health! There is alo an increased risk of
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es of ankle sprain after usual cam in athletes
who had sustained an acute sponts related injuty to the
Iateral ankle ligament.

Design Randomised controlled trial, with one yearfollow-
up.

Setting Primary care.

Patticpants 522 athletes, aged 12-70, who had
sustained a lateral ankle sprain upto wo months before
inclusion; 256 (120 female and 136 male) inthe
intervention group; 266 (128 femaleand 138 male) inthe
cntrol goup.

Intervention Both groups received treatment according to
usual care. Athletes allocated to the intenention group
addiionally received an eight week home based
proprioceptive training programme.
Main Self rep
Sprain.

Results During the one year follow-up, 145 athletes
rpofted a recurrent ankle sprain: 56 (22%) inthe
intervention group and 89 (33%) in the control goup.
Nine athletes needed 1 be treated o prevent one
rarence (numberneeded to tread). The intemention
programme was associated with a 35% mduction in fisk
of maurrence. Cox regression analysis showed
significantly fewer recurent ankle sprins in the
intervention than in the control group. This effect was
found forself reported meurmnt ankle sprains relative
fisk 0.63, 95% confidence interval 0.45 %0 0.88), recument
ankle sprains leading %o loss of sports time 0.53,0.3210
0.88), and mcurrent ankle sprins resulting in healthcare
costs or last productivity costs (0.25, 0.12100.50). No
significant differenceswere found between medically
treated athletes in the intervention group and medically
treated controls. Athletes in the intenvention group who
were not medically tre ated had a significantly lowerfiskof
recurrence than controls who were not medically treated.
Conclusions The use of a proprioceptive training
programme aferusual care of an ankle sprain is effective
forthe prevention of self reported recurrences. This
proprioceptive training was specifically benefigal in
athleteswhaose original sprain was not medically d

d recurrence of ankle

injury, however, dwhchmlkqmlmrelhem
wmmoummmywu.

Each day an estimated 23 000 ankle sprains occur in
the United States, equalling about one sprain per
10000 people per day.” The most recent count of
sports ijuries in the Netherdands (20023) esti d
an annual total of 1300000 acute sports injuries, o
which 234000 were ankle ins * Of these, 110000
(47%) required some form of medical treatment.
Recent research showed that in the Netherdands the
mean total cost direct andindirect) of one anlde sprain
was sbout €360 (£308; $507)° giving an estimated
anmal cost of €84 240000 in the Netherlands alone.
In addition, there is strong evidence that in the year
afier injury, athletes have twice the risk of a recurrent
anle sprain“* Upto half of these recurrences result in
chromic pain orinstability, " potentially 1 to dis-
ability and prdonged medical care. The high rate of
;nHeqr-uacm-alspoﬂs.a well as the severity
and ent negative qu on future par-
uupdm.motvtsptevem‘cm

A preventive effect of various measures has been
found only for ahletes with previous anke
sprains.' ' A primary preventiveeffect of tape, braces,
or proprioceptive training has yet to be established.
The dynamic recursive model of sports injury'® crestes
insight in the astiology of anke sprain recurrences.
Afteran index ankle sprain, the athlete's intrinsic risk
factors are altered,'™* resulfing inanincreased predis-
posiiontom'njwy."

Although treatment of ankle sprain xims st recovery,
x(doqnotzﬂnb lower the increased mko‘mﬂl’u’y
Thish isis sub d by
of a pevemve trial in top level valeyball ahlets.”
After the introduction of aproprioce plive training pro-
gramme ankle sprain recumences were reduced
50%, and over 90% of the previously injured athletes

pleted a full rehabilitation programme for their
index ankle sprain.

Thfn&x%addedbtbeﬁeadymﬂiem\te
w the p ion of usual care with additional

Trial registration ISTRCN34177180

prcvenhved'hﬂ:tod&dndy prevent recurrences of

[



Assessed for eligibility (n=630)

Excluded (n=108):
Did not retum baseline questionnaire (n=64)
Still undergoing treatment (n=12)
No informed consent (n=15)
Did not participate in sports (n=9)
Personal reasons (n=8)

\J
Randomised (n=522)
i | ¢
Allocated to usual care and Allocated to usual care only (n=266)
proprioceptive training (n=256) Received allocated intervention (n=266)
Received allocated intervention (n=256)
Lost to follow-up and excluded Lost to follow-up and excluded
(n=44, dropout rate 17%): (n=31, dropout rate 12%):
Lack oftime (n=7) Lack of time (n=6)
| » Personal reasons (n=4) Personal reasons (n=4)
Lack of motivation (n=4) Too complicated (n=3)
Unknown reasons (n=26) Unknown reasons (n=18)
Injured leg (n=3)
Y Y
Analysed (n=212) Analysed (n=235)
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Control

Intervention

Participants (n) 256 266
Recurrent Injuries (n) 89 56
Group Risk 35% 21%
Relative Risk

Absolute Risk Reduction

Numbers Needed to Treat




Control

Intervention

Participants (n) 212 235
Recurrent Injuries (n) 89 56
Group Risk 42% 24%
Relative Risk

Absolute Risk Reduction

Numbers Needed to Treat




v)
w
v
a4
T
U
v
Q
o
-
a
a
<

Balance Training Improves Function
and Postural Control in Those with Chronic

Ankle Instability

PATRICK O. MCKEON', CHRISTOPHER D. INGERSOLL D. CASEY KERRIGAN®, ETHAN SALIBA®,

BRADFORD C. BENN!':'I‘I'2 and JAY HERTEL

'University of Kentucky, Lexington, KY; and *University of Virginia, Charlotesville, VA

ABSTRACT

MCKEON P. O, C. D INGERSOLL, D. C. KERRIGAN E. SALIBA, B. C. BENNETT, and J. HERTHL. Balmce Traming Impooves
Function and Posteral Contol in Those with Chromic Ankle Insubility. Mad So. Spovts Exre, Vol 40, No. 10, pp. 1810-1819, 2008,

A d

Purpese: The purpose of this

lled trial was o

the effect of a4-wik balance training peogram on static and

dysamic postwral control and self seportad functional cutcames in Sose with chromic ankle insubility (CAI) Metheds: Thirty-one
young adults with self reported CAl were randomly assigred © an intervention goowp (ix maks and 10 fmales) or a control growp
(six males and mine famales). The intervention comsisted of 2 4-wk supervised balmce tmining poogram that emphasied dynamic

e Bl

stabilzagion i singledimb stance. Main

ng: self seported ty om the Foot and Ankle

Disability Index (FADI) and the FADI Spost scales; semmary center of pressare (COP) excursion measares inchoding ama of 2 95%
confidence ellipse, velocity, range, and SI; time2o-boundary (TTB) measares ofpa—'dﬂldlllgblﬁ stumce includng the

absolute minimum TTH, mean of TTB minima, and SD of TTB minima in the
al, and p "

open and closed; and reach distance in the anterior, p

7 ad mediolgen| dimctions with eyes
l of the Star B Balmce Test

(mmmmmmgﬁuml:ﬂWs-&l‘ﬂnﬂ&l&bl%xm-&w

and the variability of TTB measures with eyes closed, and in mach di

with thep dial and the posterolatenal of
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Single-Limb Hops to Stabilization
(10 Repetitions per Direction)

Subject performed 10 hops in each direction. Each repetition consisted of a hop from the starting
position to the target position (18, 27, or 36 inches). After stabilizing balance in a single-limb
stance, participants hopped in the exact opposite direction back to the starting position and

stabilized in the single-limb stance.

Four directions of hops: 1) anterior/posterior, 2) medial/lateral, 3) anterolateral/posteromedial,
and 4) anteromedial/posterolateral.
Participants were not able to move to the next level in each category until they demonstrated 10
repetitions error-free.

Errors were determined on the basis of the following:
a. Touching down with opposite limb
b. Excessive trunk motion (>30 degree lateral flexion)
c. Removal of hands from hips during hands on hips activities
d. Bracing the non-stance limb against the stance limb
e. Missing the target












Hop to Stabilization and Reach (Five Repetitions)

Combined with the mentioned exercises, however, after stabilization in the single-limb stance,
participants had to reach back to the starting position. Repetitions were counted in the same
manner mentioned previously. Participants hopped, stabilized, and reached back to the starting
position. Then they hopped back to the starting position and
reached to the target position.

Participants were not able to advance to the next level in each direction until they demonstrated
five repetitions error-free.

Errors were determined on the basis of the following:
a. All errors associated with hop to stabilization
b. Using the reaching leg for a substantial amount of
support during reaching component









All directions for Hop to Stabilization and Hop to
Stabilization and Reach had seven levels of difficulty to progress:

Level 1. 18-inch hop. Allowed to use arms to aid in stabilizing balance after landing.
Level 2. 18-inch hop with hands on hips while stabilizing balance after landing.
Level 3. 27-inch hop. Allowed to use arms to aid in stabilizing balance after landing.
Level 4. 27-inch hop with hands on hips while stabilizing balance after landing.
Level 5. 36-inch hop. Allowed to use arms to aid in stabilizing balance after landing.
Level 6. 36-inch hop with hands on hips while stabilizing balance after landing.

7. 36-inch hop from a 6-inch platform.
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Un-anticipated Hop to Stabilization






Example random sequence: 9, 7,1, 6,4,5, 3, 8, 2.

Level 1: 5 s per move.

Level 2: 3 s per move.

Level 3: 1 s per move.

Level 4: If subject can progress to completion of all

moves within 1 s without error, a foam pad will be placed on one of the numbers during the sequence. The
subject will then continue the progression at the same level of intensity. If he or she cannot complete the course
error-free, the time constraint will be reduced to the level below.

Level 5: If subject can progress to completion of all moves at Level 3 with the foam pad error-free, a step will
be added to an additional number.

Level 6: If a subject progresses error-free, an additional foam pad will be added to one of the numbers,
resulting in two foam pads and one step.

Level 7: If a subject progresses error-free, an additional step will be included, resulting in two foam pads and
two steps.

Errors were determined on the basis of the following:
a. Subjects touching down with opposite limb
b. Excessive trunk motion (>30 - lateral flexion)
c. Removal of arms from across chest during specified activities
d. Bracing the non-stance limb against the stance limb



Single-limb stance eyes open

Level 1. Arms across chest on hard floor for 60 s
Level 2. Arms across chest for 30 s on foam pad
Level 3. Arms across chest for 60 s on foam pad
Level 4. Arms across chest for 90 s on foam pad

Ball toss on foam
Level 5. 30 s with arms across chest; 20 throws with a 6-Ib medicine ball
Level 6. 60 s with arms across chest; 20 throws with a 6-Ib medicine ball
Level 7. 90 s with arms across chest; 20 throws with a 6-Ib medicine ball

Errors were determined on the basis of the following:
a. Subjects touching down with opposite limb
b. Excessive trunk motion (930- lateral flexion)
c. Removal of arms from across chest during specified activities
d. Bracing the non-stance limb against the stance limb



Single-limb stance eyes closed

Level 1. Arms out on hard floor for 30 s
Level 2. Arms across chest on hard floor for 30 s
Level 3. Arms across chest on hard floor for 60 s

Level 4. Arms out on foam pad for 30 s
Level 5. Arms across chest for 30 s on foam pad
Level 6. Arms across chest for 60 s on foam pad
Level 7. Arms across chest for 90 s on foam pad

Errors were determined on the basis of the following:
a. Subjects touching down with opposite limb
b. Excessive trunk motion (930- lateral flexion)
c. Removal of arms from across chest during specified activities
d. Bracing the non-stance limb against the stance limb



Example of a Typical Session

1. Hop to stabilization
Anterior/posterior—Level 2, 10 repetitions
Medial/lateral—Level 1, 10 repetitions
Anterolateral/posteromedial—Level 2, 10 repetitions
Anteromedial/posterolateral—Level 2, 10 repetitions

2. Unanticipated hop to stabilization—Level 1, Sequence 1
3. Hop to stabilization and reach
Anterior/posterior—Level 2, 5 repetitions
Medial/lateral—Level 1, 5 repetitions
Anterolateral/posteromedial—Level 2, 5 repetitions
Anteromedial/posterolateral—Level 2, 5 repetitions
4. Unanticipated hop to stabilization—Level 1, Sequence 2

5. Single-limb stance eyes open—Level 4, 3 repetitions

6. Single-limb stance eyes closed—Level 2, 3 repetitions



TABLE 1. Pretest and posttest scores on the FADI and the FADI Sport for the balance training and control groups.

Balance Training Group Control Group
Pretest Posttest Pretest Posttest Group Effect Time Effect
FADI, % 85.5 £ 84 9.7+74" 1 829+ 74 8140 + 18.1 0.68 0.98
FADI Sport, % 69.9 + 12.1 85.0 + 144* 1 66.5 + 9.8 66.3 + 11.8 1.63 1.25

There was a significant group x time interaction for both instruments. There was no difference between groups at pretest, but there was a significant difference between posttest
measures between groups and a significant difference in self-reported function at posttest for the balance training group, P < 0.05. Group effect sizes were calculated from posttest
scores. Time effect sizes were calculated from the pretest and posttest measures of the balance training group.

* P <0.05 for pretest to posttest comparisons within the balance training group.

1P < 0.05 for between-groups comparisons at posttest.



TABLE 6. Pretest and posttest normalized reach distances on the SEBT.

Balance Training Group Control Group
Pretest Posttest Pretest Posttest Group Effect Time Effect
Anterior reach 0.70 £ 0.10 0.67 + 0.08 0.68 + 0.06 0.67 + 0.05 0 -0.38
PM reach 0.82 + 0.14 091 £0.13*t 0.81 + 0.08 0.80 + 0.06 1.83 0.64
PL reach 0.77 £ 0.15 0.87 £ 0.13*,t 0.76 + 0.08 0.78 + 0.09 1.0 0.67

There were significant group x time interactions for the PM and PL reaches. The balance training group reached significantly farther than their pretest measures and the posttest
measures of the control group, P < 0.05. Group effect sizes were calculated from posttest scores. Time effect sizes were calculated from the pretest and posttest measures of the

balance training group.

An effect size of zero was calculated when the comparison means were equal.

* P < 0.05 for pretest to posttest comparisons within the balance training group.
1P < 0.05 for between-groups comparisons at posttest.
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Abstract

includes environmental perception and dedislon-making.

making component of the test.

perception and declsion-making.

adaptability easlly.

Background: Balance tests are commonly used in clinical practice with applicability in injury prevention and return
to sport dacisions. While mast sports injuses occur in a changing environment whes reacting to a non-planned
stimulus s of great importance, these balance tests only evaluate pre-planned movements without Bking these
dynamics ervironmental aspects into account. Therefare, the goal of this paper was to develop a clinician-friendly
test that respects these contextual Interactions and to describe the test protocol of an adapted Y-balance test that

Methods: Within the theo=tical construct of balance and adaptability, balance errors were selected as outcome
measures for balance ability and, visuomotor reaction time and accuracy are selected as outcome measu=s for
adaptability. A reactive balance task was developsd and described using the Y-balance test for the balance
component, while the Fitlight taining system™ was chosen for the environmental perception and decision-

Results: This paper describes the test protocol of a reactive balance test as an adapted Y-balance test The LED-
lights of the FitLight training systemTM are placed at 80% of the maximal reach distance for each axis along the Y-

Balance test WtTM To induce cognitive koad within the visuomotor task, colours were fixed © a corresponding axis,
and both the oder of the visual stimull as the interstimul us time were randomised to integrate envionmental

Condusion: The reactive balance test s a functional test that allows dinicians to score balance abllity and athle

Keywords: Balance, Visuomotor reaction tme, Adaptability, Stability, Injury pevention, Return to sport

Introduction

Recently, several systematic reviews and clinical com-
mentaries emerged regarding the dinimetric value of
dinician-friendly lower extremity functional perform-
ance tests, and their associations with injury [1-4]. Al-

though balance is an important part of an athlete’s
functional ability [5-7], these reviews showed that bal-

ance tests are currently underrepresented, accounting
for only 1 functional balance test within the functional
testing repertoire of 14 tests. Nevertheless, balance tests
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are commonly used in the asessment of ankle and knee
injury prevention and return to sport decisions in clin-
ical practice [8—14]. Glasgow et al (2013) llustrated that
reacting to a non-plainned stimulus is of great import-
ance in sports They stated that the key driver for effect-
ive sporting performance and injury prevention is the
athlete’s ability to adapt his or her responses under a
comprehensive variety of conditions [15]. This makes
the applicability of the outcomes of pre-planned balance
tests to open skilled sports (eg. tennis, football) low,
given that static tests neglect the impartance of balance
in its inherent relation with being able to react to a
changing environment.
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MRD
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Fig. 1 Reactive balance test MRD =Maximal Reach Distance; ° = Fitdight trainer™ LEDHights. The LEDHights are placed on the axes of the Y-
balance kit at 809 of the MRD. Also, each LEDHight on every axis has a designated colour (e.g. blue =anterior axis). The LEDHight in front of the
Y-balance kit randomly shows one of the comesponding colours and indicates in which direction the participant has to reach as fast as possible

and without losing balance




Table 2 Recommendations for reactive balance test protocol

Recommendation

Rationale

Randomize order of stimuli

12 stimuli per axis

Randomized interstimulus
time

80% reach distance

80% reach distance

Avoids stimulus anticipation for direction
by subject

As much as possible to improve reliability
of visuomotor reaction time without
exceeding a two minute test duration

Avoid stimulus anticipation for timing
by subject

Balance perturbation, without the
intend to impair accuracy

Balance perturbation, without the
intend to cause balance error that
discontinues test sequence




Table 1 Reactive balance test outcome measures

Visuomotor Reaction Time = averaged total visuomotor reaction time

Accuracy = (Total number of stimuli — (missed stimuli + multiple
attempts needed + decision errors))/100

- Missed stimulus = failed to extinguish LED-light

- Multiple attempts = reaching from standardized position, but failed
to extinguish the LED-light from the first time; second or third attempt
needed

- Decision error = initiating movement in wrong direction

Balance error = number of balance errors [25]

- Minor balance error = looking for balance but able to start from
standard position at stimulus onset or looking for balance during
reach

- Magjor balance error= not starting from standard position at stimulus
onset or during stimulus presentation caused by hand or foot on floor;
stepping off the YBT

- Predefined balance errors = moving hands off the hips; step, stumble or
fall; Abduction or flexion of the hip while looking for balance; lifting
the forefoot or heel off the testing surface; placing the free foot on the
floor; remaining out of the proper testing position for greater than 2s
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Individual/organismic

~

e Structural or functional deficits influencing
the sensorimotor system
e |njury, illness
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Task

~

e Change of activity that shapes sensorimotor
system strategies for movement goal execution
e Complexity
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Environment

~

e Environmental cues shaping strategies for
movement goal execution
e Predictability, Uneven terrain

N %

Hoch & McKeon, Athl Train Sports Healthcare, 2010



