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Abstract

Objective: To evaluate whether a battery of clinical assesdmfor acute lateral ankle sprain
(LAS) can be used to predict long-term recovery.

Design: Cohort study

Setting: University biomechanics laboratory

Participants. Eighty-two individuals were assessed using addiniest battery within two-
weeks of incurring a first-time LAS.

Main Outcome Measures. The clinical test battery included scores on ta&ftglide’ (deg),
anterior-drawer, talar-tilt, figure-of-eight [fige8] for swelling (mm), knee-to-wall (mm) and
hand-held goniometric range-of-motion [inversioversion; plantar-flexion (in degrees)].
Scores on the the Cumberland Ankle Instability T@AIT) taken 12-months after the
clinical test battery were used to classify pap@cits as having Chronic Ankle Instability
(CAl) or as being LAS ‘copers’

Results: Forty percent of participants were designatedaasnly CAl with 60% being
designated as LAS copers. A logistic regressiofyaisarevealed that a combined model
using scores from the talar-glide, talar-tilt amtiezior-drawer tests in addition to plantar-
flexion ROM was statistically significant (p <0.0dnd correctly classified cases with
moderate accuracy (68.8%). The final model had matdesensitivity (64%) and good
specificity (72%).

Conclusions: Theclinical tests utilised in this investigation hdimaited predictive value for
CAl when conducted in the acute phase of a firmetiateral ankle sprain injury.

Key terms. Ankle/physiopathology [MeSH]; Ankle injuries/phggiathology; Joint

Instability [MeSH]; Sprains and strains/physiopatigy [MeSH].
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Lateral ankle sprain (LAS) is one of the most comraoute musculoskeletal injuries; its

high prevalence pervades across many differentlptipns and activiti€s Despite its

ubiquity, LAS is typically considered an innocuongiry that resolves quickly with minimal
treatmerft Unfortunately, this is not the case, as painswelling are commonplace

following acute LAS, contributing to reduced functional capatiand occupational abserice
in many individuals. The development of these sym&, which also include “giving-way”

of the ankle joint, ankle joint instability and tecent ankle sprain are representative of a
condition known as chronic ankle instability (CAIl)t has been proposed that only after a 12-

month time interval does the risk of recurrencedecto that of a first-time injufy

Recent literature highlights the high prevalenc€At following LAS. A recent systematic
review identified that approximately 33% of patestill experience pain and instability,
34% report at least one re-sprain, and up to 64 shat they have not recovered fully from
their initial injury at a 1-year follow up after weentional treatmehtFurthermore, in a cross-
sectional survey of an Australian community popataaged between 18-65 years, chronic
ankle disorders affected almost 20% of the sanwaté, the majority of participants

attributing their disorder to a previous ankle apigjury®.

To expedite recovery and prevent CAl after LASs iimportant to devise a treatment plan
tackling the impairments identified during clinice@sessment in the acute period of ifjury

A recent recognition paradigm has suggested a-tiessl approach to assessing functional
impairment and disability in CAI populatiohdn this paradigm, self-assessment outcomes in
which the person reports what they can and carm@uslally via a questionnaire) are

combined with clinical and laboratory outcomes. Qitatively, these metrics quantify a
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patient’s perception of their impairment and eveduzow the ‘organismic constraints’
(which evolve following the initial LAS) underpitis perception. Unfortunately, it is not
clear what combination of clinical assessment ptapes can be used to forecast the risk of
CAl development as no investigation is currentlgilable which has evaluated the
diagnostic accuracy of ‘traditional’ clinical assegent procedures completed soon after

incurrence of a first-time LAS for CAl 12-monthgda

It is possible that deficits in clinical outcomés;luding ankle-joint swelling range-of-
motion (ROMY*%impairment, arthrokinematic restriction (postetimar glide}* and hyper-

or hypomobility*™* may relate to the eventual development of CAlfddmnately, while
there are numerous cross-sectional investigatib@Abpopulations which have identified

its associated deficits, longitudinal research stigating the predictors of CAl in populations
with first-time ankle sprain is sparseSuch investigations stand to elucidate the coping

mechanisms that lend to recovery following firstéi LAS.

Recently published work undertaken in our labosafmesented instrumented motion
analyses of participants with acute, first-time Lé&@npleting a battery of movement tasks
during a 12-month follow-u. This investigation identified that deficits inrmic balance
performance and self-reported function 6-monthle¥ahg a first-time acute LAS can be
used to predict CAl developméhtUnfortunately, the implementation of these firgdirin a
clinical context is hindered by the lack of portabiof the data acquisition methods, the high

cost of the necessary equipment and the time redjtiranalyze the acquired data. On this
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basis, a prospective cohort investigation of aitranal’ clinical test battery (those typically

used for LAS injury diagnosis) for eventual CAl gisis is warranted.

Therefore, the purpose of this exploratory prospeatohort analysis was to evaluate the
predictive accuracy of a ‘traditional’ clinical tdsattery which included assessments of ankle
joint swelling, ROM, arthrokinematic impairment ahngper/hypomobility for CAl
development in a cohort with acute first-time LA#le to the absence of research in this
population, we did not formulate specific hypottseas to which tests would be of value in a

predictive model for CAL.

MATERIALS AND METHODS

Design: Cohort study

Participants

Eighty-two participants were recruited at convenefrom a University-affiliated hospital
emergency department (ED) within 2-weeks of sustgian acute first-time LAS injury. All
participants were provided with basic advice onlypg ice and compression for the week
on discharge from the Emergency Department. Aatiwiof daily living were encouraged:
participants were instructed to weight-bear anckwathin the limits of pain when possible.
All participants were recreationally active, whielas defined as “habitually completing a

minimum of 1.5hours of moderate or physical acfiypér week.”

Participant demographics for the entire LAS grotgdetailed in Table 1. Exclusion criteria

for participants of the current study are presemiethble 2.
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The Human Research Ethics Committee of the uniyandiere the study was completed

approved this research. All participants signethéormed consent form prior to testing.

Outcome measures
Participants attended the University research eemithin 2-weeks of injury and then 12-

months (+/- 1 week) following injury.

In a series of separately published papers, the ¢d®drt were evaluated as a whole during a
series of postural control, gait and jumping/lagdiasks®. In addition to the biomechanical
evaluation of these tasks, the primary author (E¥3luated the cohort using a battery of
clinical tests at the 2-week time-point to expltreir potential predictive value for CAI or
LAS ‘coper’ status at the 12-month time-point. Agls, this investigation details one part of
a wider exploratory analysis of the clinical andaiyoratory outcomes that can be utilised to
predict long-term CAIl outcome. None of the datatfer postural control, gait and

jumping/landing tasK§ have been utilised in the present report.

Participants’ designation as CAl or LAS coper sfatias completed according to recently
published guideliné$?® participants with a Cumberland Ankle Instabilitgol (CAIT)

score of <24 were designated as having CAl whitd@pants with a CAIT score24 were
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designated as LAS copéfsto avoid the potential for false positives instgroup?”.
Furthermore, to be designated as a LAS coper ggaatits also must have returned to pre-
injury levels of activity and function, and to haneported no instances of “giving way” at

their ankle joint?.

Clinical assessment procedures

The clinical evaluation included assessments ofegjoknt ROM (including goniometric
assessment of plantarflexion, inversion, eversiahdorsiflexion using the knee-to-wall
test), swelling (using the figure-of-8 method), Byfhypomobility (using the anterior-drawer
and talar-tilt tests) and arthrokinematic integ(itging the posterior-talar glide test). All tests
were conducted using instrumentation that wouldnadly be available in a ‘real-world’
clinical scenario. The specific details of the pomtl for conducting the clinical test battery

are available in the supplemental documents ofdttisle.

Data analysis

Outcomes from the eight clinical tests were sulpgtd univariate statistical analysis to
evaluate their potential predictive value. Speaifig the correlation of the outcomes for
ROM (4), laxity (2), swelling (1) and athrokinenmaintegrity (1) to status at the 12-month
time-point (CAIl vs LAS coper) as determined by @&IT was evaluated using Pearson’s r.
A preliminary logistic regression analysis usingeaght variables was then performed, and

was repeated with backwards elimination of varialllich were deemed to explain the least
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variance in the overall model (on the basis ofdbeelation analysis). This exploratory
approach was deemed the most appropriate mechémevaluate the individual

contribution of each predictor variable, and tomge the predictive capacity of the model.

Source of funding

This study was supported by the Health ResearcihdBdaere are no conflicts of interest to

report.

RESULTS

Descriptive statistics for the clinical tests aregented in Table 3. Results of preliminary
correlation analyses are presented in Table 4 pbhential predictors were entered into a
direct logistic regression model in one block. &soon the knee-to-wall test, figure-of-eight
test, eversion ROM and inversion ROM were then reedsequentially from the model
using a backward elimination technique in the ogation of its predictive capacity. The
regression analysis was then repeated with theinemgygpredictors (scores on the posterior
talar glide test [PTGT], anterior-drawer test, tall test and plantarflexion ROM). This
model was statistically significapt(2, N = 68) = 15.63, p = 0.008, and explained leetw
21.7% (Cox and Snell R square) and 29.0% (NagedkBrkquared) of the variance in
outcome (i.e. CAl vs Coper) and correctly clasdiftd.8% of cases. The sensitivity and
specificity of the final model was 64.3% and 72.8%pectively. The results of this logistic
regression analysis (with associated standardisedveeights) are presented in Table 5.
Based on the standardised beta-weights, the PT@laierd the greatest variance in outcome

(CAl vs coper) in the final regression equation.
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DISCUSSION

Findings from this study have revealed that sevenaician-oriented outcomes demonstrate
statistically significant predictive value for CAevelopment. These outcome measures were
administered on a cohort of individuals within tweeks of incurring a first-time LAS

injury. The cohort was subsequently stratified i6#l and LAS ‘coper’ groups 12-months
later. This cohort were simultaneously evaluatedsga ‘spectrum’ of movement patterns as
part of another investigation, whereby biomechdroaécomes were entered into a logistic
regression model in a similar fashion to what hesnbreported het® To the authors
knowledge, these are the only investigations ctiyr@vailable detailing a longitudinal
evaluation of participants in the acute stage fafs&time LAS injury with sufficient follow-

ups to allow subsequent classification into CALAIS ‘coper’ status. However, while a
series of predictor variables with good diagnoaticuracy were identified in the former
investigationt®, findings from the current study, although sigrafit, must be taken with

caution.

Specifically, as shown in Table 5, only one vamathle PTGT-made a uniquely statistically
significant contribution to the regression modéhjeh also included the anterior-drawer and
talar-tilt tests, and plantar-flexion ROM. The fimaodel had medium overall accuracy (69%)
with moderate sensitivity (64%) and good specifi¢it2%Y>. On this basis, it is therefore
likely to produce a large number of false positiitas at risk of over-classifying the number

of participants who are at higher odds of develgAIl. The strongest predictor variable in



223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

the regression model (based on the semi-standdrdeta weights) was indeed the PTGT,
recording an odds ratio of 1.73 (Table 5). Thidaated that participants with a restriction in
posterior glide of the talus as determined by th&P were 1.73 times more likely to

develop CAI than those who eventually became LAH&s'.

For the anterior-drawer and talar-tilt tests, hgwanscore of 0 (indicating “hypomobility”)
increased the odds of developing CAIl by 1.87 ab@ fimes respectively, controlling for the
other factors in the model. This finding is bell®dthe fact that no participants were scored
as having “gross laxity” (i.e. a score of 3) orheitof these tests, so the predictive capacity of
the model is limited by a lack of representativeadar this sub-group. Finally, while plantar-
flexion ROM was included in the model to optimiseaverall predictive capacity (the model
had 62.2% accuracy in classifying cases withowst pinedictor variable), the 95% CI's for the
OR included 0. Thus, the indication that a reductroplantar-flexion ROM is linked with

CAl development is inconclusive.

Overall, we conclude that these findings are noicdlly meaningful, as the sensitivity and
specificity of the final model corresponded tokeelihood ratio of approximately 0.9,
denoting that participants with better scores @séhclinical outcomes only have a ‘slight’
decrease in their risk of developing GAlIFurthermore, the exploratory nature of the
statistical model increases the risk for type brefiurther belying its potential clinical value.

Despite this, we consider these findings to belaalde addition to the literature as they
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should inform current classification paradigms@#I2°, encourage future research efforts

and direct clinicians’ assessment protocols fot@aeankle sprain and CAI.

With regards to the classification paradigms, thpeary categorical constructs are
considered to contribute to CAl: mechanical insudincy, self-reported instability and
recurrent sprains. CAl may result from any, altdferent combinations of these constructs.
On this basis, the self-report outcome that wasd tseliagnose CAIl in the current study may
have masked the contribution of these underlyingstracts to the overall condition. For the
purposes of the present study, the CAIT was uselibagmose individuals as having CAl or
not, which is in line with the recommendationste# international Ankle Consortidmh
However, it is entirely possible that grouping papiants according to the extent of their self-
reported disability as determined by the CAIT umdeed the statistical power of the
regression model, as members of each group maygrasented with different combinations
of the underlying constructs of CAl. Alternativelyjs possible that mechanical impairments
(local arthrokinematic restriction and hypomobiligre weakly associated with CAl, and our
results can be taken at face value. However, wddraansider the former hypothesis as
more likely, on the basis that previous authorsehavestigated mechanical impairment as an
explanatory factor for CAl in a cross-sectional mamn with no definitive association
between ankle laxity and the wider paradigm of Al While an acute ankle sprain
typically threatens the integrity of ligamentousustures, and some authors have reported
lingering hypomobility and hypermobility followintpe acute injury? > these outcomes do

not appear to be observed consistently in CAl pidie

11



270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

This lends towards the hypothesis that the arthevkatic restrictions (as assessed through
the PTGT) and hypomobility (as determined usingahirior-drawer and talar-tilt tests)
contribute more to a sub-group model that fallseuradwider paradigm of CAl-our results
suggest that mechanical instability may predicad¢ i@ some patients, and not in others. In
particular, the unique contribution of the PTGTt tesour regression model would suggest
that arthrokinematic restriction should be investtagl further as part of a sub-group analysis
of CAl patients. This arthrokinematic restrictiomsvseemingly independent of dorsiflexion
ROM despite the fact that previous research hasife that dorsiflexion ROM (as
assessed using the knee-to-wall test) is moderapeiglated with talar glide when measured
with the PTGT®2 Importantly, this correlation was identified iman-injured cohort of
participants’. Findings from the current study point to an appadissociation between
these outcomes in patients with acute LAS. WhieeRAGT has been used in the literature to
assess restrictions in arthrokinematics at thetatal joint in patients suffering from
recurrent ankle sprairt$*® there is an absence of such investigation in slio the acute

phase of injury.

To answer the question posited by the available/ lobdesearch as to the contribution of
mechanical insufficiencies to the CAI paradigmphaart study of individuals who proceed to
develop representative datasets for the differensttucts of CAl (i.e mechanical
insufficiency, self-reported instability and recmt sprains, with different combinations of
these three) is required. Such an analysis coulddzte the different exposures that lend
towards the development of these constructs aslinteed contributors to CAI. Such an

investigation would necessitate a larger sampleadiicipants than was recruited in the

12
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present study. In light of the recruitment time tloe current study, which extended for >18-
months® from a catchment area population of approxima381§,000, it is likely that a multi-
centre research study is required to achieve langeigh sample sizes to represent the
different CAI constructs. We consider this to bariarity for future research if efforts are to
be made to reduce the potential consequences bfghencidence and prevalence of ankle
sprain across a wide variety of populations aniviéies'. For researchers conducting cross-
sectional analyses of CAl cohorts, we echo theiments of the International Ankle
Consortium, who have recommended that CAI claggiba should relate specifically to the
research questién They have suggested that if investigators aerésted in the deficits
present in participants with CAl, such as mechdmnsafficiency, measures of self-reported
function or disability may not be a necessary isida criterion to answer the research
guestion. However, if functional impairment is redat to the proposed project or
intervention, then validated ankle specific questires that are designed to evaluate self-
reported function should be used to create thessecg inclusion criterion, and tasks with
established validity for the specific constructglddbe employed. For instance, the Star
Excursion Balance Test has demonstrated predicéiltes for acute ankle sprain inciderite
and CAl developmett, thus qualifying it as a valid measure for funoibimpairment. In
contrast, it remains unclear exactly what testaikhbe used to quantify the mechanical
insufficiencies underpinning CAl. The available gindinal data suggest that ankle-joint
laxity ** and ROM®*®do not relate to ankle sprain incidence, and thieeat study is the first
to suggest that their predictive value for CAligngficant, but limited. This may change with
appropriate segmentation of the sub-groups of @#l its underlying constructs. On this
note, it is encouraging that researchers have btegadopt this approach, wherein the
subgroups of CAl are being analysed, rather thamgheggregated togetiférHowever, to

the authors’ knowledge, currently no longitudinatalare available for each CAIl subgroup.
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Study Limitations

While our results are important, several limitai@hould be noted. First, it is likely that the
two-week window of eligibility for assessment unaéred the homogeneity of our sample
further increasing the chance of sampling erromveleer, recruiting patients with a first-time
LAS is compounded by the high prevalence of thisrinamong the general population-
many potential recruits were excluded from our gtinecause they had a previous history of
ankle sprain injury. Having to assess our cohottiwia pre-determined 24-hour interval
would therefore have threatened the feasibilitthefstudy. Another limitation of this
research is that we did not have access to instritatien that would have improved the
objectivity of our test battery, such as arthromstarthrograms or ultrasonography.
However, we would argue that our test battery obéie real-world practice, wherein the
majority of clinicians do not have routine accesthese tools. We also could not control for
the type of rehabilitation protocols undertakerthw cohort, however whether our cohort
undertook rehabilitation or not did not associath wutcome (this was investigated in our
previous biomechanical analysis of this cotfprfFinally, because the LAS cohort were
recruited after the initial injury, it is unknows & whether the deficits identified either in

the in this prospective analysis preceded or waused by the first instance of LAS.

CONCLUSIONS

This is the first analysis in which the predictwaue of a clinical test battery for ankle sprain
injury for determining CAl has been investigatechil& our results showed that some of
these clinical tests demonstrate predictive vaheaccuracy at which they identify
individuals at risk of developing CAl is moderakeirther research is required to determine

whether performing these tests in a less heteragesample of individuals, representative of
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the sub-groups of the CAI paradigm (ie mechanitcalifficiency, self-reported instability and
recurrent sprains, with different combinationshadde three)would improve their predictive

value.
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Table 1. Demographicsfor al LAS participants at the time of recruitment (within 2-weeks of injury), and for CAl and LAS coper participants at

Demographic: Gender Age (years) Body mass (kg) Height (m)
n Male Female Mean 95% ClI Mean 95% ClI Mean 95% Cl
LAS 82 54 28 22.78 21.89t0 23.67 76.6 73.66 t0 79.54 1.72 1.70t0 1.74
CAl 28 17 11 2321 21.62t024.81 75.53 70.14t0 80.91 1.72 1.69t0 1.75
LAS coper 42 26 16 22.74 21.42 to 24.07 73.43 69.66 to 77.20 1.73 1.70to 1.76

time-point 3 (12-months following injury).

Abbreviations: CAl = Chronic Ankle Instability; Cl = confidence interval; LAS = |ateral ankle sprain.



Exclusion criteria

1. No previoushistory of LAS injury on either limb (excluding the

initial acute episode)
2. No other severe lower extremity injury in the last 6 months
3. No history of ankle fracture
4. No previous history of magjor lower limb surgery

5. No history of neurological disease, vestibular or visual disturbance or any other pathology that would impair their

motor performance

Table 2. Exclusion criteriafor the LAS group

Abbreviations: LAS = lateral ankle sprain



Table 3. Descriptive statistics (% cases for categorical variables; mean and SD for non-categorical variables) of the clinical outcomes delineated by group (CAI vs LAS
coper).

Construct Outcome CAl Coper
Mean SD Mean SD
Swelling Figure-of-8 (mm) 12.17 11.36 11.85 8.36
Knee-to-wall (mm) 57.47 39.67 56.88 42.56
Inversion (deg) 9.40 5.10 9.15 5.61
ROM
Eversion (deg) 8.80 381 8.65 371
Plantar-flexion (deg) 28.21 8.88 31.49 11.35
Arthrokinematics PTGT (deg) 0.77 0.94 1.43 134
Percent of cases Percent of cases
0 70 56.1
1 26.7 26.8
Ant Drawer (0-3)
2 33 14.6
3 0 0
2
&
A 0 90 75.6
1 10 17.1
Ttilt (0-3)
2 0 24
3 0 0

Abbreviations: Ant Drawer = Anterior Drawer Test; CAl = Chronic Ankle Instability; LAS = Lateral Ankle Sprain; PTGT = Posterior Talar Glide Test; Ttilt =
Talar Tilt Test



Table 4. Pearson’s correlation coefficients oficehoutcomes related to swelling (the figure-ae8t), ankle joint ROM (including plantarflexion,

dorsiflexion, inversion, eversion), laxity (as asssd using the anterior-drawer and talar-tilt jemtsl arthrokinematic integrity (using the postetaar glide

Swelling ROM Laxity Arthrokinematics
Figure-of-8 (mm) Plantar-flexion (deg) Knee-to-watm) Inversion (deg) Eversion (deg) Ant Drawer ItTti PTGT (deg)
Outcome r -0.017 0.157 -0.007 -0.023 -0.20 0.178 15®. 0.269
(CAl/coper) p-value 0.893 0.212 0.953 0.849 0.870 .139 0.201 0.024

test) to final outcome (CAI vs LAS coper) deterndrag the 1-year time-point.

Abbreviations: Ant Drawer = Anterior Drawer TestAIG= Chronic Ankle Instability; LAS = Lateral Ankl8prain; PTGT = Posterior Talar Glide Test; Hilt

Talar Tilt Test.



Table 5. Results of the logistic regression anal@sith associated standardized beta

weights) for the input variables at the 2-week tipoant.

Variable 6 SEB é Wald t Prob. OR 95% CI of the OR
Lower Upper
PTGT 0.55 0.25 0.12 4.66 0.03 1.73 1.05 2.84
PF ROM 0.02 0.03 0.04 0.49 0.48 1.02 0.96 1.08
AntDrawer 63 049 007 161 0.21 1.87 0.71 4.94
Tt -0.65 0.89 0.03 0.22 0.64 1.52 0.26 8.71
Constant -1.26 0.92 - 1.85 0.17 0.28

~

B = semi-standardized beta weight using the meattiqiesl probability of 0.23 as a

reference value©R = odds ratio; Cl = confidence interval; SE = staderror.



CLINICAL TESTS

Ankle joint range-of-motion was assessed using a handheld goniometer (Lafayette
Instrument Company, Lafayette, Indiana). Ankle joint plantarflexion was assessed with
participants lying prone on a plinth with the knee flexed to 90°; the centre of the goniometer
was placed on the lateral malleolus with its stable arm parallel to the fibula and its movable
one parallel to the fifth metatarsal. Participants were then instructed to actively “point your
toe away from your body as far as you can”; the plantarflexion angle was calculated as -

(90° — maximum plantar — flexion angle).

Ankle inversion and eversion were assessed with the patient in the supine position. A rolled-
towel was placed under the knee to maintain a position of approximately 10° flexion. A piece
of paper adhered to a plexi-glass surface was placed at the posterior aspect of the calcaneus
of the injured limb. A line was then drawn along the plexi-glass with the ankle placed in a sub-
talar neutral position by the examiner. The participant was then instructed to invert or evert
their ankle, as previously demonstrated prior to the assessment, and a second line was then
drawn along the plexi-glass surface, thus creating two intersecting lines. A goniometer was

then used to measure the acute angle created.”!

Ankle dorsiflexion was assessed using a knee-to-wall test. Participants completed this test in a
standing position. The lower limb was placed in a standardized position: the second toe,
centre of the heel, and knee were kept in a plane perpendicular to an opposing wall, with the
heel firmly in contact with the ground. Participants were then required to lunge forward until
the anterior aspect of the patella contacted the wall and maximum dorsiflexion was obtained
without the ipsilateral heel coming off the ground. A tape measure was used to measure the

distance between the great toe and the wall **.

Ankle swelling was assessed using the figure-of-eight method *2. Participants began seated on

a plinth with their knee flexed and the test limb hanging freely above the ground, several



landmarks were first marked using a skin pencil: the tuberosity of the navicular; the base of
the 5th metatarsal; the distal tip of the medial malleolus; the distal tip of the lateral
malleolus; the tibialis anterior tendon. A tape measure was then placed beginning midway
between the tibialis anterior tendon and lateral malleolus, drawn medially across the instep
and placed distal to the tuberosity of the navicular, pulled across the arch and up just
proximal to the base of the 5" metatarsal, finally crossing the tibialis anterior tendon (sub-
talar measurement). The tape was then continued around the distal tip of the medial
malleolus, pulled across the achilles tendon and at the distal tip of the lateral malleolus (talar
measurement) 2. Both the injured and non-injured limbs were measured, and the difference

between the two was calculated to estimate swelling (mm) on the injured limb.

Ligamentous laxity at the ankle joint was assessed using the anterior drawer and the talar tilt
tests. Each test was conducted with participants seated on a plinth with their knee flexed and
the test limb hanging freely above the ground. For the anterior drawer test, the lower leg was
stabilised with the foot at approximately 20° of ankle plantar flexion. The examiner then
gripped the posterior-inferior aspect of the calcaneus and applied a posterior-anterior force

to “draw the talus forward in the ankle mortise” *

. For the talar tilt test, the foot was held in
a neutral sagittal plane position. The examiner again gripped the posterior-inferior aspect of
the calcaneus and subsequently tilted the rearfoot into inversion’. The ‘end-feel’ for both

tests was graded on a scale from 0 to 3 (0 = hypomobile, 1 = normal, 2 = mild laxity, 3 =gross

laxity).

The arthrokinematics of the talus were assessed using the posterior talar glide test. In this
test, passive knee flexion during DF ROM, while the foot is placed in subtalar neutral is used
as an assessment of posterior talar glide. This test was conducted with participants seated on
a plinth with their knee flexed and the test limb hanging freely above the ground. A bubble
inclinometer (Baseline®, Fabrication Enterprises, White Plains, NY) was fastened
approximately 6 cm above the participant’s lateral malleolus. After positioning the
inclinometer, the participant’s foot was placed into a subtalar neutral position and the talus

was pushed posteriorly, and the ankle into dorsiflexion, until a firm capsular end-feel was



encountered. At the endpoint, the glide was stopped and the angle of knee flexion was
recorded. Measurements were repeated 3 times with the mean of the 3 repetitions to serve

as an outcome measure 11.



