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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.
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Abstract

The purpose of this study was to examine the relationships between dossiflexion range of motion on the weight-bearing lunge test (WBLT)
and normalized reach distance in three directions on the Star Excursion Balance Test (SEBT). Thirty-five healthy adults (14 males, 21 females,
age: 25.9+6.7 years, height: 166.7 £22.9 cm, weight: 76.7 + 22 8 kg) participated. All subjects performed three trials of maximum lower
extremity reach in the anterior, posteromedial, and posterolateral directions of the SEBT on each limb to assess dynamic balance. Subjects
performed three trials of the WBLT to measure maximum dorsiflexion range of motion. Dependent variables included the means of the SEBT
normalized reach distances in the anterior, posteromedial, and directions and the mean of the WBLT. Only the anterior direction
(mean: 79.0+ 5.8%) of the SEBT was significantly related to the WBLT (mean: 11.9+2.7cm), r=0.53 (p=0.001). The r* for this simple
linear regression was 0.28, indicating that the WBLT d 28% of the in the anterior normalized reach distance. The WBLT
explained a significant proportion of the variance within the anterior reach distance signifying this direction of the SEBT may be a good

clinical test to assess the effects of dorsiflexion range of motion restrictions oa dynamic balance.
© 2010 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Dorsiflexion range of motion (DROM) deficits have been
identified following ankle sprain, Achilles” tendmopuhy and
an array of other foot and ankle injuries. 13 Additionally,
decreased DROM hmbcmdﬂeacddunngw:lkmgmuldl
vndunlsmthdmgnowdmklcnnhms and jogging in those
with chronic ankle |muh|lny Static stretching of the triceps
surac complex! and posterior talar glide joint mobilization
wt:lmiquaj“6 have been previously investigated and appear
to successfully address this deficit. Despite these findings,
limited evidence exists regarding the relationship between
DROM and performance on clinical assessments of dynamic
postural control such as the Star Excursion Balance Test
(SEBT). The SEBT is a battery of lower extremity maximal
reach tests while the contra-lateral limb attempts to maintain
single-limb balance.” In this test, reaching distance serves

* Carresponding asthor. Tel.: +1 859 323 1100x80839.
E-mail address: mcho222@uky.edu (M.C. Hoch).
¥ Tel: +1 859 323 1100x8088S.

as a measure of performance. Shorter reach distances are
typically associated with mechanical or sensorimotor system
constraint. Hertel® recommends using the anterior (ANT),
posteromedial (PM), and posterolateral (PL) directions ver-
sus the traditional 8 directions to avoid capturing redundant
information. Identifying clinical tests to evaluate the cffects
of DROM restrictions are important for the assessment and
rehabilitation of foot and ankle injuries. Therefore, the objec-
tive of this study was to examine the rclationships between
DROM on the weight-bearing lunge test (WBLT) and the
normalized SEBT reach distance in ANT, PM, and PL direc-
tions.

2. Methods

Thirty-five healthy adults (14 males, 21 females,
age: 25.9+6.7 years, height: 166.7£229cm, weight:
76.7 + 22.8 kg) participated in this cross-sectional study. All
subjects had no history of lower extremity injury in the past 6
months, no self-reported disability in the foot and ankle, and

1440-2440'S — see front matier © 2010 Sports Medicine Australia. Published by Elsevier Lid. All rights meserved.
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Abstract

Objectives: To determine if differences in weight-bearing ankle dorsiflexion range of motion (DFROM) and Star Excursion Balance Test
(SEBT) reach di were present b participants with chroaic ankle instability (CAI) and healthy individuals. A secondary objective
was to re-examine the relationship between these measures in participants with and without CAL

Design: Case—coatrol.

Methods: MmupmtswthMmmbedm!)hed&ymapmls All participants performed maximum reach in the anterior,
al directions of the SEBT; as well as, the Weight-Bearing Lunge Test (WBLT) to measure DFROM. Dependent
mzblesmd(hdmumalDFROM(an)mdmmﬁmdSEBTmhdmm(%) Independent 1-tests were used for group comparisons
(a prioai p < 0.05). Simple-linear regression examined the relaticaship between the WBLT and each SEBT direction.

Results: Significant differences were detected between groups for the WBLT (CAI: 10.73 £3.44 cm, healthy: 12.47£251cm; p=0.03)
and anterior reach distance (CAL: 76.05 4 6.25%, healthy: 80.12 +588%; p=0.01). No differences were identified in posteromedial or
posterolateral (ps>0.70) reach. The WBLT had a significant moderate correlation to anterior reach in both groups (ps <0.05) but was not
significantly correlated to posteromedial or posterolateral reach distance (ps >0.70).

Conclusions: The results indicate that participants with CAl demonstrated less DFROM and anterior SEBT reach distance compared to health
controls. Additionally, both groups demoastrated similar correlations between WBLT and SEBT performance. These findings suggest that
pasticipants with CAI have alterations in ankle motion which may negatively influence dynamic postural control; however, the relationship
between WBLT and SEBT performance is consistent in those with and without CAL

© 2012 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

Keywords: Ankle sprain; Joint instsbility; Rebabilitation

1. Introduction post-traumatic ankle osteoarthritis and decreased health-

related quality of life.** A well-documented contributing

Up to 70% of individuals who sustain a single lat-
eral ankle sprain experience residual symptoms including
pain and swelling, recurrent episodes of ankle instability,
and repetitive ankle sprains which are the hallmark char-
acteristics of chronic ankle instability (CAI).™? Although
ankle sp are often considered innocuous injuries, CAI
has been associated with long-term consequences such as

* Carresponding asthoc
E-mail address: mhoch@odu.eds (M.C. Hoch).

factor for CAl is deficits in postural control.% Postural con-
trol deficits have been particularly cvident in those with
CAI when cvaluated using dynamic assessment technigues
which examine the capacity to maintain stability within
the boundaries of the base of support during functional
activities.%” Therefore, CAI is a common health condition
in physically active individuals and gaining further insight
into how dynamic postural control deficits contribute to this
multi-faceted health condition may be useful in developing
meaningful intervention strategics.

1440-2440/S — see front matier © 2012 Sports Medicine Australia. Published by Elsevier Lad. All rights meserved.
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ARTICLE INFO ABSTRACT

Article history: ObpmvuTodeteﬂnn!lhemnhdnyof d clinical npared to
Received 16 April 2016 while performing the weight-bearing lunge test (WBLT).
Received In revised form 25 October 2016 :&mmm,_
Accepted 15 November 2016 016 Methods: Fifty participants performed the WBLT to d dorsifiexion ROM using four different mea-
surement techniques: domﬂexlmanglemﬂld:gmlmlmtuatﬁcmdmzlbduﬂnﬂmbemmy
(*), dorsiflexion angle with incli at tibial tub (*) lunge di (:m].anddor-
siflexion angle using a 2D moticn capture system (<) Or were
during each trial. To establish concurrent validity, Pearson prodi correlation coefficients (r)
mcmdunzd.cnmpmrgmhdepm&mv:nﬂemduZDmapmmamlm(u‘knuﬁedndr
dard) A higher i strong
Results: There was 2 high i each technique and the reference standard.
Specifically the jon b the incli at 15cm below the tibial tuberosity
(449 +55+) and the motion capture angle m.D'tﬁ.D'] was r=076 (p=0.001), between the incli-
nometer placement at the tibial tuberosity angle (38.0° + 4.6*) and the motion capture angle wasr=0.71
(p=0.001), and between the distance from the wall clinical measure (10.3 £ 3.0 cm) to the motion capture
angle wasr=074(p=0.001)
Conclusions: This study determined that the clinical measures used during the WBLT have 2 high cor-
lation with the ref dard for ing dorsiflexion range of motion. Therefore, cbtaining
i lunge di and inchi angles are both valid assessments during the weight-bearing

lunge test.

© 2016 Sports Medicine Australia. Published by Elsevier Led. All rights reserved.

1. Introduction

An increased number of healthcare practitioners are utiliz-
ing evidence-based medicine principles in their clinical practice.
Evidence-based medicine integrates research, clinical exper-
tise, and patient preference to guide clinical decision making.'
Researchers are encouraged to investigate clinical measures or
techniques that are commonly used or most accessible in the clin-
ical setting.? Incorporating clinical measures into research will
ensure these measures and techniques are transferred to the clin-
ical setting. For many injuries to the lower extremity, assessing
dorsiflexion range of motion is essential to identify risk factors® or
alterations in gait or landing mechanics.*

* Corresponding author.
E-mall address: eannehall@health.usf adu (EA. Halll

http:J fdx dot.orgl 101016/} sams.2016.11.001

The weight-bearing lunge test (WBLT) is a clinical test that mea-
sures dorsiflexion range of motion of the ankle joint. The WBLT has
been used to detect range of motion deficits in those with chronic
ankle instability® and track progress in improving range of motion
during rehabilitation })mtm:n!s.6 The WBLT has been established
as areliable measure,” ¥ however, no current research exists com-
paring the WBLT to a laboratory measure of joint kinematics. Based
off a recent systematic review,'” a variety of procedural differences
have been utilized in published research when obtaining data on
the WBLT.%!"12 Specifically, WBLT data can be quantified using
either a digital inclinometer or maximum lunge distance from the
wall Previous research has determined a high correlation between
the angle using a digital inclinometer and the distance from the
wall,” but the placement of the digital inclinometer has also varied
between studies (i.e. tibial tuberosity™'" or 15 cmdistal to the tibial
tuberosity” ).

1440-2440/© 2016 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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ARTICLE INFO ABSTRACT

Amick Mzary Objecth To the intra-ob reliability and agr b five hods of mea-
mmfudaslﬂmdmrg thhl!umgbasfhxm Lunge Test and © assess the degree of

23 June D16 three thods in femnale athletss.
Design: Repeated mexurements study design.
Accepaed 27 jJune 2006 Setting: Volleyball dub.
= - Twenty-five valleyhall pl
ywards: of lﬁnwmmm'zm& Dunﬂmmn.nmhﬂumg five methods: heel-wall distance, first
Anide dosifiexion wevall d inch aﬁna."- at Achilles tendan and the dorsiflexion angle ob-
Bland-Altman meghod umdbyasmplew'v function. For the stats amalysis, was studied using the
Sporswomen Bland-Altman d, the Standard Errar of M mdu!"' I D hle Change. Reli-
dl’hqmaly!sw;spfa'md using the Intraclass Carrelation Goefficient.
Results: N “usmglle in had mare than 6 of measurement errar. The
ndeakulndby function had 3.28° errar. The reliability of ind inometer based methods
Ecm<usahsmhzdmﬁodsmdugmma§emuumhdmlm
values > 190 Concemning the agreement between methods, there was from 193 © 1442¢ bix, and
from 424° to0 7.96° random errar.
Omdlm'bnsbi‘myemwu'[dleu‘h lculated by a trige ic fi s the most
T af camat be wsed inter: ly.
© 2016 Hsevier Ltd. All rights reserved.
1. Introduction starts when the talus rolls forward relative to the leg and at the
same time slides posteriodly (talocrural dorsiflexion) (Neumann,
Adeq tibiopedal ankle dorsiflexion (DF) is necessary for 2013). In weight-bearing, the talus movement is accompanied by

everyday activities such as walking, squatting or stair-climbing
(Protopapadaki, Drechsler, Cramp, Coutts & Scott, 2007). DF

a slight movement of the tibia which is defined as tibiopedal dor-
siflexion (Neumann, 2013), and depend ing on the foot pasition, all
the joints in the foot may contribute to this movement (Neumann,
2013). Generally speaking, tiblopedal DF movement decreases the

* Carespanding author Prsent address: Faculty of Psychology and Educasion,

mdmrmemmmnmm
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(JF. Aamendi) julencastdlno@ehusus ( Cateano) julbcalia@ehusus
() Calleja-Gonzilez )

hapyldxdolorg/10 0S| prsp20¥5.0600
1456853 )0 2016 Elsevier Lad ANl righes reened

angle between the foot and leg so that the distance between the
toes and tibia-fibula plex is reduced. This is ako
essential in physical activities and sports, for instance, jumping
(Fong Blackbum, Norcross, McGrath, & Padua, 2011; Prilutsky &
Zatsdorsky, 1994). Likewise, reduced DF seems to be associated




Fig 1. A Participant in the Weight Bearing Dorsiflexion Lunge Test and the measure-
ment methods analyzed in this study. Abbreviations: HW, Heel-wall distance; GK,
Ground-knee distance; IA, Inclinometer in the Achilles; IT, Indlinometer in the tibia; TA,

Trigonometric dorsiflexion angle; TW, Toe-wall distance.



Results of Intraclass Correlation Coefficient (ICC), Standard Error of measurement
(SEM), and Minimum Detectable Change (MDC) of the study of measurement
method reliability.

Variable n Mean SD ICC ICC 95% (I SEM MDC

HW (cm) 50 3798 3.44 0.96 0.94-0.98 0.66 1.82
TW (cm) 50 13.36 3.05 0.95 0.91-0.97 0.68 1.89
GK (cm) 50 34.72 4.08 0.95 0.91-0.97 0.93 2.57

A (°) 50 35.12 6.24 0.87 0.78—0.92 2.28 6.33
IT(°) 50 49.55 6.11 0.87 0.79-0.93 2.17 6.02
TA (°) 50 47.62 5.20 0.95 0.91-0.97 1.18 3.26

Abbreviations: GK, Ground-knee distance; HW, Heel-wall distance; IA, Inclinometer
in Achilles tendon; ICC, Intraclass Correlation Coefficient; INF, inferior; IT, Incli-
nometer in tibia; LOA, limit of agreement; MDC; Minimum Detectable Change; NS,
Non-significant; PCC, Pearson Correlation Coefficient; SD, Standard deviation; SEM;
Standard Error of measurement; SUP, superior; p, statistical significance; TA, Trig-
onometric dorsiflexion angle; TW, Toe-wall distance; 95% CI, 95% confidence
interval.
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Reliability and Validity of a
Smartphone App to Measure
Joint Range

ABSTRACT

Vohralik SL, Bowen AR, Bums J, Hiller CE, Nightingale EJ: Reliability and validity
of a smartphone app 1o measure joint range. Am J Phys Med Rehabil
2015;94:325-330.

In clinical and r h settings, objectve range of motion measurement is an es-
sential component of lower limb assessment and uaton. One
tool is the digial indinometer; however, awvailabilty and cost predude its widespread
use. Smartphone apps are now widely availsble, allowing smartphones 1o be used
as an inclinometer. Reliabiity and validty studies of new technologies are scarce.
Intrarater and intemater reliability of the iHandy Level app installed on a smartphone
and an indinometer were assessed in 20 participants for ankle doraflexion using
a weight-bearng lunge test Critenion validity was assessed between a Fastrak and
the app, and construct walidity was assessed between the inclinometer and the app.
Intraciass cormrelation coefficients,, ; d and interrat
relabilty (ntraclass correlaton cosfficient, 0.97 and 0.76, respectvely). Tests of
valdity demonstrated excellent comrelation between all three methods (r* > 0.99).
The smartphone app is both relisble and valid, provides a low-cost method of mea-
sunng range of motion, and can be easily incorporated into cinical practce.

Key Words: Range of Motion Anke Joint M t Accuracy, Biomedica
Technology, Celular Phone

takd

—r PR

BACKGROUND

Accurate measurement of joint range of motion is often required in bio-
mechanical research and clinical practice. One of the most reliable tools to
measure joint range is the digital inclinometer'”; however, accessibility and cost
often preclude its use. Several methods have been reported in the literature
for measuring joint range, such as video-based three-dimensional kinematics®
Fastrak ** goniometers,®*%= and digital inclinometers?*72

Considering just ankle dorsiflexion range, only the reliability of digital in-
clinometer measurements has been considered to date.’>%° The validity of digital
inclinometer measurements is really considered only incervical spineand shoulder
measurement, in which the large range of motion across multiple planes can alter
the values obtained considerably.'*'! With the advent of the smartphone, there are
now many free applications (apps) available (e.g., the TiltMeter, Clinometer, and

A Smartphone App to Measure Joint Range 325




FIGURE 1 Measurement devices used: baseline inclinometer (A) and Phone with iHandy Level app (B).
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Talar Positional Fault in Persons With Chronic Ankle Instability

Erik A. Wikstrom, PhD, Tricia J. Hubbard, PhD

ABSTRACT. Wikstrom EA, Hubbard TJ. Talar positional
fault in with chronic ankle instability. Arch Phys Med
Rehabil 2010:91:1267-71.

Objective: To determine whether sagittal plane talar posi-
tion differs between uninjured coatrols and individuals with
chronic ankle instability (CAI) using lateral ankle radiographs.

Design: Single-blind case control.

Setfing: University-hased sports medicine research laboratory.

Participants: University students (N~48) volunteered to
perticipate. Twenty-four uninjured controls (12 men, 12 women;
mean * SD, 21.8+2 6y: 170 10cm; 73+ 16kg), and 24 adults
with CAI (12 men., 12 women; 21.7x28y; 175x13cm;
T1x13kg) participated.

Intervention: A single nonweight-bearing lateral radiograph
was taken of each ankle. Subjects were positioned side lying
with the hip and knee in a neutral position in the transverse
plane and the ankle joint in a neutral position (%0° of dorsi-
flexion, O° of inversion/eversion).

Main Outcome Measure: The sagittal plane talar position
was calculated as the distance between the most anterior mar-
gin of the inferior tibia and the most anterior margin of the talar
dome in millimeters for each radiograph.

Results: Talar position was significantly more anterior in the
involved CAI limb (3.69+1.37mm) than the uninvolved CAl
limb (2.98x1.61mm: P-.03). Additionally, an anterior talar
position was significantly greater in the involved CAI limb than
the matched control limb (2.65x1.24cm; P<<.01). No differ-
ences were found between the uninvolved CAI limb and the
matched control group limb (P=_57) or between the limbs of
the uninjured control group (P=_75). Intratester reliability was
found to be .90, while intertester reliability was .78.

Condusions: An anterior talar positional fault is present in
the involved limb of individuals with CAI relative to their
vninvolved limb and compared with the matched limb of a
control group. The talar position measurement technigue has
excellent intratester and intertester reliability.

Key Words: Ankle joint: Joint instability; Radiography;
Rehabilitation.
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LAI‘ERAL ANKLE SPRAINS are an extremely common
musculoskeletal injury* and occur at an incredible inci-
dence of 25,000 a day in the United States* Unfortunately, a
lateral ankle sprain is often erromeously thought to be an
innocuous injury. when in truth, lateral ankle sprains represeat
a significant public health problem because of the joint's sus-
ceptibility to recurrent injury. Indmd.matacmmcennof
lateral ankle sprains is greater than 70%,* nndupto75%of
peqﬁewbomntbwnnkledemlopCAl Further, CAl is a
leading cause of c ostecarthritis in the ankle.””

Currently, C. ubehewdlobelhmsﬂtofuusmtof
maladaptive changes that start immediately after an initial
sprain. More specifically, mechanical and/or structural changes
(eg. increased ligament laxity, altered joint alignment, impaired
arthrokinematics)”** are thought to lead to changes in seaso-
fimotor control.""'* Further, mechanical and/or structural al-
terations at the ankle joint will lead to changes in joint loads
dmng weight-bearing activities, mdtheyuamosthttlyﬂn
reason individuals with a history of lateral ankle sprains often
developpmmmnmnmklem

One treatment currently and commoaly used to treat lateral
ankle sprains and CAl is joint mobilization. This manual ther-
apy technique is purported to restore proper arthrokinematics
and alterations in structural alignment such as a positional fault
nsﬁm Mulligan.’* At the ankle, an anterior

fault of ulusnsbelnmd be the result of an

anlenotsubluunonof the talus on the tibia immediately af-
mmmmxmmkhm"mmbehefuspeadmve
an anterior positional fault of the talus has been h !
to alter the arthrokinematic (posterior talar plide)'* and
kinematic restrictions (dorsiflexion nngaofmonm)mpmed
after lateral ankle trauma.'>"*'* Further, the presence of a talar
positional fault is a possible explanation for the reported ef-
fectiveness of anterior-to-posterior mobilizations of the talus
on the tibia at improving arthrokinematic™ and osteokinematic
restrictions’”>” in patients with a history of lateral ankle
sprains, including CAL

While previous investigations'™'”> have postulated that a
talar posil nmdﬁdlwumuﬂamayexplmmmd
posterior glides of the tafus, no investigation has directly mea-
sured sagittal plane talar position via measurements from ra-
diographic images in subjects with CAlL Thas, the purpose of
this investigation was to determine whether sagittal plane talar
position differs among uninjured controls and mdividuals with
CAL We hypothesized that individuals with CAI will have an
anterior talar position in the sagittal plane compared with
controls and that individuals with CAI will have an anterior
talar position in the sagittal plane in their involved limb relative
to their uninvolved limb. The secondary objective of this

List of Abbrovistions
AJFAT Ankle Joint Functional Assessment Test
Ccal chronic ankle instability
K©c intraclass correlstion coefficiant
Wp kilovolt pask

MasS milkampere saconds
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Fig 1. Talar position measurement. The distance in the sagittal
plane between the most anterior margin of the inferior tibia and the
most anterior margin of the talar dome only in the sagittal plane (ie,
between the white vertical lines) was measured in millimeters.



Table 2: Sagittal Plane Talar Position Group Means (mm), SDs,
and 95% Confidence Intervals

95%
Confidence
Group Ankle Mean = SD Interval
CAl Involved*? 3.7+1.4 3.1-4.3
Uninvolved 3.0+1.6 2.3-3.7
Control Matched involved 2.7+1.2 2.1-3.2
Matched uninvolved 28+1.3 2.3-3.3

*A significant difference from the uninvolved limb of the CAIl group
P<.05).

iA significant difference from the involved limb of the control group
(P<.05).
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ABSTRACT: We examined the effect of a 2.week anteriortoposterior ankle joint mohilization intervention an weight-bearing dorsifiex-
ion range of motion (ROM), dynamic balance, and self reported function in subjects with chranic ankle ingahility (CAI). In this prospec-
tive cohort #udy, subjects received six Maitland Grade III anterior4o-posterior joint mobilization treatments over 2 wedks. Weight-
bearing dorsiflexion ROM, the i dial, and posterdateral reach di of the Star Excursion Balance Test (SEBT),
Mﬂwmu&omﬂm&ﬂt,l&m(h\m)mn—-dlvukbdnthlmmhmb-dm),
prior to the first treatment (pr ion), 2448 h following the final (postd ion), and 1 week later (l-week

follow-up) in 12 adults (6 males and 6 females) with CAIL. The results indicate that domsiflexion ROM, reach digance in all directions of
the SEBT, and the FAAM improved { < 0.05 &r all) in all measures following the intervention compared to those prior to the interven-
tion. No differences were cbserved in any ts between the baseline and pre.intervention measures or between the post-
intervention and l.week followap measures (p > 0.05). These remults indicate that the joint mohilization intervention that targeted

posterior talar ghde was able to i funeti

in adults with CAI ©r at least 1 week

© 2012 Orthopaedic Research

Society. mmwwm,mm:mn—nms-xm 2012

Keywords: anKe sprain; dorsiflexion; bal

l therapy; selfreparted function

Lateral ankle sprains continue to be the most common
injury sustained by physically active individuals and
create an annual healthcare burden of over $4 billion
in the U.S. alone.™* Although these injuries are often
considered innocuous, up to 70% of individuals who
sustain a single lateral ankle sprain experience residu-
al symptoms, recurrent bouts of instability, additional
ankle sprains, and reduced functional capacity**
These negative sequelae associated with acute ankle
sprains are the primary characteristics of chronic
ankle instability (CAD.®* The prevalence of CAI
combined with the associated decreased quality of life®
and risk of developing co-morbidities such as post
traumatic ankle osteoarthritis™® advocates for further
development of interventions to address this clinical
phenomenon.

CAI has been linked to several mechanical and
functional insufficiencies; however, their relationship
as it relates to the manifestation of this condition is
unclear.®? Several mechanical impairments have been
identified as oonlribl.ﬂng factors for CAL® The prima-
ry . 1 1 ta i Jiida uwbr
joint laxity,’® reduced posterior talar glide'' and
reduced dorsiflexion range of motion (ROM).=** Dor-
siflexion ROM deficita may be related to a disruption

in normal talar arthrokinematics as a result of restric-
tions in noncontractile tissues and degenerative
changes in ankle complex structure.® This is supported
by studies that identified either restrictions in posteri-
or talar glide'™™ or the presence of an anterior posi-
tional fault of the talus in relation to the ankle
mortise.’s*® A bss of darsiflexion ROM that is arthro-
gvenic in mmm may also contribute to the functional

ciated with CAI by disrupting the
normal transmission of afferent information available
to the sensorimotor system®'” Deficits in postural
control and other functional impairments are thought
to be the result of a loss in somatosensory information
from damaged ligament h pt howev-
er, alterations in sensory input may also be madated
with ch in arthroki tic function.’*** While
other factors such as central adaptations in motor
organization may contribute to sensorimotor altera-
tions, ™ the potmtlal synergistic relationship between
local hanical and functional alterations associated
with CAI warrants further investigation.

While the connection between specific impairments
and the clinical manifestation of CAI is unclear, inter-
ventions that address multiple aspects of impairment
are essential for alleviating activity limitations and
participation restrictions in people with CAL? To

Grant sponsor: University of Kentucky’s College of Health Scen-
ces Office of Research. o

Comrespondence to: Matthew C. Hoch (T: 757683.4351; F: 757.
683.4270; Eamail: mhoch@odu.edu)
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ddress mechanical impairments, previous investiga-
torg' #1122 iilized joint mobilization manual
therapy techniques to address deficits in posterior
talar glide and dorsiflexion ROM. Joint mobilization
was used to increase ROM and arthrokinematic
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Figure 1. Study timeline representing the four data collection sessions (baseline, pre-intervention, post-intervention, 1-week follow-
up) and the six joint mobilization treatment sessions over a 28-day period.



The intervention consisted of six visits to the laboratory.

During each session, each subject received 2, 2-min sets of Maitland Grade Il
talocrural joint traction and 4, 2-min sets of Maitland Grade Il talocrural joint
mobilization with 1 min of rest between sets. Therefore, the treatment volume was
12 min (4 min of traction and 8 min of joint mobilization) during each session.



Table 1. Mean + SD and Minimal Detectable Change (MDC) for the Foot and Ankle Ability Measure Activities of
Daily Living (FAAM-ADL), the FAAM-Sport, Dorsiflexion ROM, and the Anterior, Posteromedial, and Posterolateral
Directions of the Star Excursion Balance Test (SEBT) across the Four Testing Sessions (n = 12).

Dependent Variable Baseline Pre-Intervention Post-Intervention 1-Week Follow-up MDC
FAAM-ADL (%) 77.99 + 13.11 78.27 + 12.62 87.30 + 11.07%P 86.80 + 11.06>P 3.96
FAAM-Sport (%) 56.25 + 14.72 58.59 + 11.08 73.69 + 17.65%P 7421 + 18.94%P 7.90
Dorsiflexion ROM (¢m) 10.87 + 3.71 10.83 + 3.86 12.18 + 3.65*" 12.29 + 3.58%P 0.26
Anterior SEBT (%) 75.06 + 5.19 76.18 + 5.76 78.30 + 5.63*P 78.71 + 4.97*P 1.56
Posteromedial SEBT (%) 93.30 + 10.37 91.86 + 10.33 96.23 + 10.95* 97.47 + 11.20*P 3.36
Posterolateral SEBT (%) 85.92 + 11.97 87.15 + 12.60 91.92 + 11.15* 93.09 + 12.96*" 4.28

2Significant increase compared to baseline (p < 0.05). PSignificant increase compared to pre-intervention (p < 0.05).
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Figure 2. Effect sizes and 95% confidence intervals for the Foot and Ankle Ability Measure Activities of Daily Living, the Foot and
le Ability Measure Sport, Weight-Bearing Lunge Test, and the anterior, posteromedial, and posterolateral directions of the Star
Excursion Balance Test for all significant post hoc comparisons. Positive effect sizes represent improvements following the joint mobili-

zation intervention.
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Fibular Position in Individuals With
Self-Reported Chronic Ankle Instability

Tricia J. Hubbard, PhD, ATC'
Jay Heniel, PhD, ATC?
Paul Sherbondy, MD*

Study Design: Case control study.
Objectives: The purpose of this study was to ssess e postion of the distal fibula in individeals
with chronic ankle instability (CAl).

Recent lterature has suggested that 2 positional fault of the fidula on the tiba may
contribute 1o CAL; howeves, there is a lack of objective soentific evidence 1o support this daim.
Methods and Measures: Thirty subjects with unilsteral CAl fmean + 5D age, 20.3 £ 1.3 years) and
l)nqedswihmwmhmynf:ﬁ:m,w(am:mv 2|ngam

participated in this sudy. Subjects comp 2 par of subjects honal scales and
fuomscopic [ateral images of both the right and lekt ankdes were recorded. The distance from the
anterior margin of e distal tibia to the anterior margin of the distal fibula was measwed in
millimeters. Nonparametric statistics were used to 2ssess e relationship between Sbular position
and CAl status.
Results: There were significant differences between e CAl and control group ankles (P = .045)
and within the involved and winvolved sides of the CAl group (P = 006 Those with CAl had 2

Mechanical ankle instability
(MAI) is onc hypothesized cause
of CAL™*¥2 One detrimental
effect of MAI is that it can lead to
abnormal ankle mechanics® Such
abnormal mechanics can be in the
form of obility (increased

joint axity)® or hypomobility (de-

creased laxity).” Some studies™ 1%
have reported an increased laxity
at the talocrural and subtalar

joints in individuals with CAI; how-

ever, other studies” = reported

sgnificanty more anterior fbular position on ther involved ankle in relation 1o ther unimvolved
fimb, and the ankdes of the control group.

Condusions: The fbuby was posiioned sgndficanty more anterior in refafion 1o e thia in
subjects with wnilateral CAL It is unclear # repetitive bous of ankle instability caused the anterior
fbular position or if the more amterior position was 2 predispasing factor Ip injury. | Orthop Sports
Phys Ther 20063639

Key Words: ankle sprain, fibula, fuaroscapy, tibiofibular joint

no i in Hg laxity.
The variability in assessment tech-
niques is one contributing factor
to the differences in results. One
shortcoming of MAI rescarch is
the litde comsideration given to
the role of positional faults at the

ore than 23000 ankle spramns have been estimated to

occur per day in the United States, which equates to 1

sprain per 10 000 people daily.'® However, it has been

reported that 55% of ndividuals who sprain their ankle

do not seck treatment from a haalth care professional,
so0 the incidence of injury may be much greater®” Of concern
is the high proportion (up to 70%) of patients who will suffer from
repetitive ankle sprains and chronic symptoms after initial injury.“
Chronic ankle instability (CAI) cannot only Emit activity but may lead to
an increased risk of osteoarthritis and articular degencration at the
ankle %
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ankle plex in the ctiology of
CAL
The relative void in the litera-
ture regarding  positional faults
gives the impression that they do
not contribute to residual symp-
toms or increased risk for remjury.
For joints o move through ther
full range of motion (physiclogic
motion) normal arthrokinematic
motions must occur.” Arthrokine-
matics describes movement of ar-
ticular surfaces of a joint as the
bones move through a range of
motion. Some of the arthro-
kinematic motions that occur are
Y i A y mo-
tions are movements that the indi-
vidual cannot voluntarily produce.®
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ing of jonts. Positional faults may
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FIGURE 2. Fibular position measurement. The distance between the
anterior edge of the distal fibula and the anterior edge of the distal
tibia was measured in centimeters and then converted to millime-
ters.



TABLE 1. Means + SD (range) of fibular position* for a group with chronic ankle instability (CAl) (n = 30) and a control group (n =

30).
CAl Group Control Group
Opposite Matched Opposite
Measurement CAIl Ankle Ankle Ankle Ankle
Fibular position (mm) 14.3 + 3.1 16.8 + 3.4 16.1 + 4.6 16.7 + 3.3
(7.6-20.3) (8.8-26.8) (11.0-24.0) (11.0-24.0)

* The position of the fibula is defined as the distance between the anterior edge of the distal tibia and anterior edge of the distal fibula, measured
with a fluoroscopic image.

TABLE 2. Means + SD and range of Foot and Ankle Disability Index (FADI) and FADI Sport scores (out of 100%) for both groups.

CAl Group Control Group
Opposite Matched Opposite
CAI Ankle Ankle Ankle Ankle
FADI 90.0 £ 5.1 99.8 + 0.4 99.9 + 0.2 99.5 £ 0.6
(79.0-98.0) (92.0-100.0) (99.0-100.0) (99.0-100.0)
FADI Sport 80.3 £13.0 99.7 £+ 1.3 99.7 £+ 1.3 98.6 + 1.4
(44.0-97.0) (87.5-100.0) (94.0-100.0) (94.0-100.0)
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Postural control strategies during single limb stance following acute ® ootk
lateral ankle sprain
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Kaltenborn’s Test for the Foot and Toes*

FIXATE MOVE DIRECTION
Midfoot Toe Plantar / Dorsal
2* and 3™ Cuneiforms 3™ Metatarsal Plantar
2* and 3™ Cuneiforms 2* Metatarsal Plantar
1* Cuneiform 1* Metatarsal Plantar
Navicular 1%, 2% 3% Cyneiforms Plantar
Talus Navicular Dorsal’
Cuboid 4® and 5* Metatarsals Plantar
Navicular and 3° Cuboid Plantar
Cuneiform
Calcaneous Cuboid Plantar’
Talus Calcaneous Plantar’

Notes:

! Kaltenborn, FM. (2002). Manual Mobilization of the Joints: The Kaltenbor Method

of Joint Examination and Treatment. Volume 1: The Extremuties. Oslo: Olaf Norhis
Bokhandel. Available through OPTP Minnneapolis, Minnesota, USA.

? We will modify these directions slightly in class.










