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Abstract

Background: Up to 40% of individuals who sprain their ankle develop chronic ankle instability (CAI). One treatment
option for this debilitating condition is joint mobilisation. There is preliminary evidence that Mulligan’s Mobilisation
With Movement (MWM) is effective for treating patients with CAI, but the mechanisms by which it works are
unclear, with Mulligan suggesting a repositioning of the fibula. This randomised controlled trial aims to determine
the effects of MWM on anatomical and clinical characteristics of CAI.

Methods: Participants 18 years or over with CAI will be accepted into the study if they satisfy the inclusion and
exclusion criteria endorsed by the International Ankle Consortium. They will be randomised into the experimental
group (MWM) or the placebo group (detuned laser) and will receive the assigned intervention over 4 weeks.
General joint hypermobility and the presence of mechanical instability of the ankle will be recorded during the first
visit. Further, position of the fibula, self-reported function, ankle dorsiflexion range, pressure pain threshold, pain
intensity, and static and dynamic balance will be assessed at baseline, and at the conclusion of course of
intervention. Follow-up data will be collected at the twelfth week and at the twelfth month following intervention.

Discussion: Effectiveness of MWM on clinically relevant outcomes, including long term benefits will be evaluated.
The capacity of MWM to reverse any positional fault of the fibula and the association of any positional fault with
other clinically important outcomes for CAI will be explored. Proposed biomechanical mechanisms of fibular
positional fault and other neurophysiological mechanisms that may explain the treatment effects of MWM will be
further explored. The long term effectiveness of MWM in CAI will also be assessed.

Trial registration: Australian New Zealand Clinical Trials Registry; ACTRN12617001467325 (17/10/2017).

Keywords: Ankle sprain, Chronic ankle instability, Joint mobilisation, Mobilisation with movement, Fibular positional
fault, Mechanical instability, Functional instability
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Background
Up to 40% of patients with an initial ankle sprain
develop chronic ankle instability (CAI), which is fre-
quently associated with recurrent sprains and persistent
pain [1, 2]. A recurrent subjective perception of the
ankle joint ‘giving way’ is clinically indicative of CAI [3],
which is defined as “repetitive bouts of lateral ankle
instability resulting in numerous ankle sprains” [4].
Clinical management of CAI often involves balance and
sport-related activity training [5]. In a recent meta-
analysis, preliminary evidence was also found supporting
joint mobilisation as a clinically effective intervention in
improving dynamic balance and dorsiflexion range of
motion in CAI [6].
Several ankle joint mobilisation procedures have been

developed and described by renowned manual therapists
such as Geoffrey Maitland, Freddy Kaltenborn and Brian
Mulligan, and are commonly used in rehabilitation [7].
These procedures are applied to a joint, either in the
form of non-thrust passive joint mobilisations, high
velocity thrust manipulation, or Mobilisation With
Movement (MWM). MWM is defined as the application
of a sustained passive accessory movement to a joint
while the patient actively performs a task/movement that
was previously identified as being painful or limited [8].
After manual application of MWM, tape is applied to
help maintain the glide and corrected fibular position
[9]. Biomechanically and neurophysiologically mediated
mechanisms have been proposed to explain how these
joint mobilisation procedures may work [8, 10]. The
proposed neurophysiological mechanisms are based on
animal [11] and human experiments [12] related to pain
science and motor systems [8]. These have shown that
joint manual therapy techniques including MWM,
activate a descending pain inhibitory pathway which is
non-opioid mediated [8]. One proposed biomechanical
mechanism relates to a reduction of an entrapped
meniscoid or synovial fringe by a specifically directed
MWM glide particularly in those instances where only
one repetition is required to bring about a substantial
and long lasting effect [8].
Of our recent systematic review and meta-analysis

identified greater effects for MWM and Mulligan taping
compared to Maitland joint mobilisation (with and
without traction) and joint thrust manipulation [6, 13].
Dorsiflexion range of motion and self-reported instabil-
ity were some of the outcomes for which there was evi-
dence of improvement from MWM, although the long
term benefits were unclear [14–16]. Most of the previ-
ous studies on chronic ankle sprains have applied
MWM to the talocrural joint [14–18], and few studies
have applied MWM taping [19–21]. However Mulligan
proposes that an anterior fibular positional fault
commonly results from ankle inversion sprains, and that

a MWM using a posterior glide of the fibula to correct
this should be trialled after 48 h following such an injury
[22]. Patients with recurrent ankle sprains may also
benefit from this MWM treatment combined with
taping aimed at maintaining the posterior fibula glide,
with reportedly less ‘giving way’ and greater confidence
in using the ankle in patients with functional instability
and pain [22]. Therefore this study is designed to evalu-
ate the clinical benefits of the fibular posterior glide
MWM with Mulligan taping, and whether it corrects
any demonstrable positional fault which may exist. The
prevalence of pain in people with CAI is high (60.1%)
[23] and to our knowledge no studies have assessed the
effect of MWM on pain. In addition, the present study
will assess the effects of MWM on pressure pain thresh-
old in CAI. The presence of localized peripheral
sensitization has been previously identified in acute in-
version ankle sprains [24] and in subacute ankle sprains
[25]. Balance impairments in CAI are frequently
reported in the literature and MWM has been found to
be effective immediately after application, but there is
presently insufficient research to determine the short
term benefits of MWM for balance impairments [6].
The present study plans to address this deficiency in the
literature as well.
A positional fault at the inferior tibio-fibular joint, is

one arthrokinematic abnormality proposed to be related
to persistent/recurrent symptoms and repetitive ankle
sprains in CAI [4]. In the case of an ankle joint sprain,
Mulligan suggests that the distal fibula is ‘mal-posi-
tioned’ anteriorly (anterior positional fault) following an
inversion injury and that chronicity may result if this
remains uncorrected [22, 26]. Preliminary evidence for
such an anterior fibular positional fault was identified in
Hubbard et al’s study of individuals with CAI [27].
However it is unclear whether ankle instability caused
the anterior fibular position or whether the fault itself
was actually the predisposing factor to re-injury. Also,
the clinical importance of an anterior fibular positional
fault in relation to other potential contributors to CAI
remains unclear. Further, the mechanism(s) of changes
in CAI outcomes after MWM needs to be further inves-
tigated [15, 28]. It has been proposed by Mulligan in his
positional fault hypothesis, that MWM effects an imme-
diate and lasting improvement by correcting a minor
bony incongruity which is the source of the patient’s
presenting problem [22]. However, the capacity of
MWM to reverse any positional fault remains unclear
and further studies are required to assess the effective-
ness of this technique.
The objective of this study is to determine the effect of

MWM on anatomical and clinical characteristics of CAI,
and to determine the long term effectiveness of this
treatment.
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The specific aims of the study are therefore:

1. To evaluate the effectiveness of MWM on clinically
relevant outcomes, including patient-reported
outcomes (dorsiflexion range, pain intensity,
self- reported function, pressure pain threshold,
static and dynamic balance), including long lasting
benefits assessed at 12 months post treatment.

2. To assess the effect of MWM on changing the
fibular position relative to the position of the tibia
in CAI.

Methods
Design
This randomised controlled study has been registered in
the Australian New Zealand Clinical Trial Registry
(ANZTR) and ethical approval has been granted by the
Human Research Ethics Committee of The University of
Newcastle, Australia (H-2017-0354). Informed consent
will be obtained in writing from all participants.

Participants
Participants aged 18 years or over will be recruited from
the general community in the Newcastle area of New
South Wales, Australia through flyers posted on notice-
boards in shopping centres, the University of Newcastle
main campus, and various other public places. Recruit-
ment advertising will also be via University of Newcastle
social media channels. Volunteers with CAI will be
accepted into the study if they satisfy the inclusion and
exclusion criteria as endorsed by the International Ankle
Consortium [29], except the time period for experien-
cing at least two episodes of giving way is changed from
6 months to 12 months to account for the seasonal
nature of some sports (Table 1).
Data collection will be carried out at the physiotherapy

and radiography research laboratories of the School of
Health Sciences, The University of Newcastle, Australia.

Procedure
This trial will adopt a pragmatic randomized controlled
trial design to allow for real world application of MWM
in a randomized setting [30]. This design has been used
by previously published trials of manual therapy to
better reflect routine clinical practice [31–33]. It en-
hances the external validity, but still controls for threats
to internal validity.
The initial screening will be performed over the

telephone after the potential participant contacts the
research team. The screening questions are to determine
if the potential participant meets some of the inclusion/
exclusion criteria (Table 1). If a potential participant ap-
pears eligible following the telephone interview, further
screening will be carried out using two standardised

questionnaires: the Foot and Ankle Ability Measure
(FAAM) [34], which measures function, and the
Cumberland Ankle Instability Tool (CAIT) [35], which
measures ankle instability. A link to access these ques-
tionnaires on the Qualtrics online survey platform
(Qualtrics, Provo, Utah, USA) will be sent to the poten-
tial participant, along with the participant information
statement and the consent form, through an email. Once
the potential participant returns their completed forms,
their final eligibility will be determined according to
their scores (FAAM: activities of daily living (ADL)
subscale < 90%, sport subscale < 80%; CAIT ≤24) on the
two screening questionnaires. The participant will then
be contacted to schedule an appointment for data
collection.
Consenting participants will be randomised into two

groups: an experimental group who will receive MWM,
and a control group who will receive a placebo (detuned
laser). All of the participants will be assessed for general
joint hypermobility using the Beighton score [36].
Mechanical ankle instability will be tested separately for
each ankle using an X-ray while undergoing an anterior
drawer stress test [37, 38]. The clinically important out-
come measures will include; radiological imaging of
fibular position with respect to the tibia (positional
fault), dorsiflexion range of motion (DFROM), pressure
pain threshold (PPT), pain intensity, function, static bal-
ance and dynamic balance. These procedures and out-
come measures are further explained below. The
researcher who collects the clinical measurements, and
the radiographer taking the X-rays, will be blinded to
the participant’s group (intervention) allocation. This
researcher will remain blinded to the group allocation
until the 3 month follow-up. The 12month follow-up
data will be collected using online questionnaires.
Each participant will be randomly allocated to a group

to receive either MWM (active) treatment or detuned
laser treatment (placebo) (these interventions are fully
explained below). The participant will be blinded as to
whether they are receiving an active or placebo interven-
tion, however due to the nature of the interventions, the
treating practitioner cannot be blinded. Participants will
be randomly allocated to groups according to a com-
puter generated (GraphPad Software, Inc., CA, USA)
randomisation schedule by another researcher not in-
volved in data collection using sealed opaque envelopes.
Each envelope will contain a piece of paper printed with
either ‘1’ or ‘0’, for which ‘1’ denotes ‘MWM’ group and
‘0’ denotes ‘placebo’ group. The treating practitioner will
open the envelope and allocate the participant to a
group according to the number in the envelope, and
deliver the designated treatment accordingly.
Participants of both groups will attend for 2–8

treatment sessions over 4 weeks. The exact number of
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treatments needed to achieve an optimal change is not
presently known, so a range allows the practitioner to
exercise their clinical judgement. We have chosen two
as the minimum number of treatments, because usual
clinical practice would involve a minimum of two visits
to enable re-assessment following the initial treatment
[39]. The actual number of treatment sessions delivered
to participants in each group will be determined according
to the clinical judgement of the treating practitioner, who
is a registered physiotherapist with a post-professional
tertiary qualification in the field of manual therapy and
more than 20 years of clinical experience in treating
musculoskeletal conditions. The physiotherapist will also
be individually instructed in the MWM intervention by an
accredited member of the Mulligan Concept Teachers
Association. The physiotherapist will conclude the course
of intervention if the patient reports they have fully recov-
ered or if no further improvement is possible up to a limit
of eight sessions over a 4 week period. The number of ses-
sions and the duration of each session will be recorded.
The same measures taken at baseline will be repeated
at the conclusion of the course of intervention, within
a maximum of 4 days after the participant’s last inter-
vention session. Further measurements will be
repeated at the twelfth week with the exception of
the imaging, and only self-report outcomes will be
assessed at 12 months. Participants will be contacted
by telephone every 4 weeks after finishing treatment
for up to 1 year to record any new ankle injuries, any
treatments undertaken, and their level of engagement
in sport and other activities. Figure 1 describes the
flow of the study.

Outcome measures
Measurement of fibular positional fault from radiograph
A weight-bearing (neutral ankle in standing position)
X-ray (55 k Vp and 2.1 mAs) will be taken of the affected
ankle of the participant. The participant will be asked to
stand on the foot to be imaged on a wooden box with
the knee slightly flexed to simulate mid-stance of the
gait cycle, with the foot of the non-stance leg hanging in
a relaxed manner. The imaged leg will be maintained ~
2 cm away and parallel to the image receptor. The
same instructions will be given to all participants and
the participant’s leg position will be monitored
throughout the procedure. If any leg rotation is noted
on imaging, the X-ray will be redone. The central ray
will be centred at the base of the metatarsals and
perpendicular to the image receptor, and the
focal-film distance will be set to 110 cm. The partici-
pant will be allowed to hold on to body of the X-ray
machine for balance if required.
Radiographic images will be digitally obtained using

Merge PACS™ software (Merge Health Care, 2012). The
fibular position will be measured as the distance
between the anterior edge of the distal fibula and the an-
terior edge of the distal tibia [27] (Fig. 2). The test-retest
reliability intra-class correlation coefficient (ICC)3,1 has
been estimated as 0.98, with a SEM of 0.64 mm for this
measurement, and for intra-tester reliability, the ICC3,1

is 0.92 and SEM is 0.72 mm [27].

Weight-bearing dorsiflexion range of movement
Weight-bearing DFROM will be measured using the
weight-bearing lunge test. The participant will be

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

• A history of at least one significant ankle sprain;
- Initial sprain must have occurred at least 12 months prior to study
enrolment

- Was associated with inflammatory symptoms
- Created at least one interrupted day of desired physical activity
- The most recent injury must have occurred more than 3 months prior
to study enrolment

• A history of previous surgeries to the musculoskeletal structures (i.e.,
bones, joint structures, nerves) in either lower extremity

• A history of a fracture in either lower extremity requiring realignment
• Acute injury to musculoskeletal structures of other joints of the lower
extremity in the previous 3 months that impacted joint integrity and
function (i.e., sprains, fractures), resulting in at least one interrupted day
of desired physical activity

• Have conditions for which manual therapy is generally contraindicated
(such as the presence of a tumour, fracture, rheumatoid arthritis,
osteoporosis, prolonged history of steroid use, or severe vascular
disease)

• A history of the previously injured ankle joint ‘giving way’ and/or
recurrent sprain and/or ‘feelings of instability’
- Participants should report at least two episodes of giving way in the
12months prior to study enrolment

• Have conditions for which radiological imaging is contraindicated
(e.g., pregnancy)

• Self-reported ankle instability should be confirmed with the
Cumberland Ankle Instability Tool (CAIT) (≤24)

• Have conditions for which taping is contraindicated
(e.g., allergy to strapping tape)

• General self-reported foot and ankle function questionnaire minimum
score (Foot and Ankle Ability Measure (FAAM): activities of daily living
(ADL) subscale < 90%, sport subscale < 80%)

• Receiving concurrent treatment
- The most recent treatment for the ankle condition should have
been received at least a week prior to study enrolment

• Inability to read English
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instructed to lunge towards the wall, touch their knee to
the wall, and keep their heel in contact with the floor.
Then the participant will be asked to move their foot
away from the wall in 1 cm increments until the heel no
longer maintains contact with the floor or the knee is no
longer in contact with the wall. Maximal dorsiflexion
will be considered to be the greatest distance between
the great toe and wall with the participant’s knee main-
taining contact with the wall [18, 40]. Both inter-rater
reliability (ICC = 0.80–0.99) and intra-rater reliability
(ICC = 0.65–0.99) have been reported as high for this
test [41]. The same procedure will be followed for the
opposite leg. Each centimetre away from the wall in the
lunge test represents approximately 3.6 degrees of dorsi-
flexion [42]. Three test attempts will be performed and
the average value will be used for analysis.

Pressure pain threshold
PPT measurements will be obtained in each leg from
two local points (to assess local hypersensitivity) and
one remote body area (to assess central sensitisation), in

accordance with the method used in a previous study on
acute ankle sprain [24]. The points include anterior to
the lateral malleolus over the anterior talo-fibular
ligament, inferior to the medial malleolus over the
deltoid ligament, and over the proximal third of the
tibialis anterior muscle belly.
A Freedom Tracker hand-held algometer (JTECH

Medical, Salt Lake City, UT, USA) will be used for meas-
uring PPT. A probe (contact surface of 1 cm2) will be
placed perpendicular to the skin and pressure will be
applied (40 kPa/s). The participant will be asked to indi-
cate when the feeling of the stimulus changes from
‘pressure only’ to ‘discomfort’ by pressing an indicator
switch [43, 44]. This process will be performed three
consecutive times and a 10 s rest period will be allowed
between each set of measurements. Pressure algometry
is considered a stable and reliable measure of PPT [45].
The inter-rater reliability of pressure algometry has
been reported to be high when the algometer pres-
sure is applied at a consistent rate (ICC 0.91, 95% CI
0.82–0.97) [46].

Fig. 1 Flow of the study
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Pain intensity
Current pain intensity will be assessed using the visual
analogue scale (VAS) which consists of a 100 mm hori-
zontal line, with ‘no pain’ anchored on the left of the line
and ‘worst possible pain’ anchored on the right. The val-
idity of the VAS for detecting changes in pain intensity
has been supported by several studies [47, 48].
The participant will also be asked to indicate all areas

in which they currently feel symptoms on a body chart.
The areas in which they feel ‘pain’ will be shaded; the
areas in which they feel ‘tingling, pricking, or burning’
will be circled; and the areas where they feel ‘numbness,
heaviness or other sensations’ will be indicated on the
chart by an ‘N’.

Function
Self-reported physical function of the participant will be
evaluated using the FAAM which consists of a 21-item
ADL subscale and an 8-item sport subscale [34]. This
tool has been documented as a reliable, responsive and
valid measure of physical function for individuals with a
broad range of musculoskeletal disorders of the lower
leg, foot and ankle [34]. The Foot and Ankle Outcome
Score (FAOS) questionnaire comprising 42 items will
also be used, and has been reported as also being a reli-
able and valid measure (ICCs reported as 0.78, 0.86,
0.70, 0.85, 0.92 for the five subscales of pain, symptoms,

ADL, sport and recreation function, and foot- and
ankle-related quality of life, respectively) [49].
Further, the participant will be asked to identify up to

three important activities that they are unable to
perform or are having moderate to extreme difficulty
performing due to pain. For each activity, the participant
will be asked to rate between 0 and 10 the level of
difficulty they experience performing that activity using
the Patient-Specific Functional Scale (PSFS) [35]. The
construct validity of the PSFS is well supported, and the
test-retest reliability has been assessed as moderate to
good (ICC2,1 = 0.713) [36].

Static balance
For static balance, the participant will stand barefoot on
the centre of a force plate (KISTLER 9260AA6, Winter-
thur, Switzerland), assuming a standardized single leg
stance position. The participant will then be instructed
to flex the other leg slightly at the hip, with the knee
flexed to 90 degrees. Their arms will be crossed at their
chest with each hand resting on the opposite shoulder.
Measurements will be recorded with both ‘eyes open’
and ‘eyes closed’. For ‘eyes open’, the participant will be
asked to maintain a fixed gaze on a cross marked on the
wall three metres in front of them and remain as still as
possible for 10 s [50]. For ‘eyes closed’, the participant
will be asked to close their eyes and remain as still as

Fig. 2 Fibular position measurement; the distance between the anterior edge of the distal fibula and the anterior edge of the distal tibia
(right ankle, 4.2 mm in this image)
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possible for 10 s [50]. If the participant is unable to stand
for 10 s, the standing time achieved will be recorded.
Only averaged Centre of Pressure (CoP) data includ-
ing sway velocity, sway area per second, sway average
amplitude and sway maximal amplitude will be used
in the analysis to maintain consistency. CoP data
obtained through the force platform will be acquired
at 100 Hz [21].

Dynamic balance
Dynamic balance will be assessed using the Star Excur-
sion Balance Test (SEBT) which has been shown to be a
reliable measure to identify dynamic balance deficits in
patients with a variety of lower extremity conditions
[51]. The participant will be asked to establish a stable
base of support on the stance limb in the middle of the
testing grid on a force plate (KISTLER 9260AA6,
Winterthur, Switzerland). While standing on a single
limb, the participant will be asked to reach as far as
possible with the reaching limb along each line (anterior,
postero-medial and postero-lateral directions), lightly
touching the line with the most distal portion of the
reaching foot without shifting weight or coming to rest
on the foot of the reaching limb. The participant will then
be asked to return the reaching limb to the starting
position in the centre of the grid. If the individual lifts or
shifts any part of the foot of the stance limb during the
trial, the trial will be not considered as complete [51].
After performing a maximum of four non-recorded

trials for familiarisation, the next trial for each direction
will be recorded for the purpose of analysis [52, 53].
Normalised SEBT values will be obtained by dividing
the excursion distance by the participant’s leg length
(the distance between the anterior superior iliac spine
and the ipsilateral medial malleolus), and then multi-
plying by 100 [52, 54]. Data for centre of pressure (CoP)
velocity (V) to quantify spatio-temporal parameters
(VCoP-total, VCoP-mediolateral, VCoP-anteroposterior)
will be acquired at 100Hz, under the foot during unipodal
stance [52].

Perceptions of the credibility of the placebo
At the data collection session at the conclusion of course
of intervention, the participant will be asked to indicate
which intervention (active or placebo) they thought they
had received during the last 4 weeks and to give a
confidence rating on a scale of 0–10 (with 0=‘not at all
confident’ and 10 = ‘extremely confident’ [55]). Global
perceived effect will also be measured using a
self-assessment of improvement on a seven point rating
scale (1 = completely recovered, 2 =much improved, 3 =
slightly improved, 4 = not changed, 5 = slightly worsened,
6 =much worsened, 7 = worse than ever) in response to

the question ‘How would you rate the course of your
ankle complaints since the start of this study?’ [56, 57].

Other measures
Telephone interviews will be conducted monthly after
enrolment up to 1 year to record any new injuries, any
treatments undertaken, and the level of engagement in
sports and other activities. These variables will be used
as covariates in the analysis of the 12month follow-up
data as they are possible confounders. Further, the
Beighton score for hypermobility and radiographic
measurement of the anterior drawer stress test will be
recorded.

Beighton score
Scoring for joint hypermobility will be undertaken
according to previously published methods [36]. Each
participant will be assessed in five test positions, as
follows:

1. Passive extension of the fifth metacarpophalangeal
(MCP) joint to ≥90 degrees. The participant sits on
a chair at the short side of the table with the
shoulder in 80 degrees abduction, elbow flexed at
90 degrees, and the forearm resting on the table in
a pronated position. The fifth MCP joint is passively
extended by the researcher and a goniometer is
used to measure the angle.

2. Passive hyperextension of the elbow ≥10 degrees.
The participant sits on a chair with the shoulder at
90 degrees of flexion and the forearm supinated. A
goniometer is placed at the lateral epicondyle and
the measurement is taken at maximum elbow
extension.

3. Passive hyperextension of the knee ≥10 degrees.
The participant lies supine with their legs in the
horizontal plane. The goniometer is placed at the
lateral femoral condyle and the measurement taken
at maximum knee extension.

4. Passive apposition of the thumb to the flexor side of
the forearm. The score is positive if the entire
thumb touches the flexor side of the forearm while
the shoulder is flexed at 90 degrees, the elbow
extended, and the forearm pronated.

5. Forward flexion of the trunk with the knees
straight. The score is positive if the participant’s
hand palms rest easily on the floor.

Anterior drawer stress test with radiographic measurement
Ankle joint mechanical instability will be assessed using
a lateral x-ray to measure the amount of anterior trans-
lation of the talus during a ligament stress test for each
ankle. The radiograph will be taken while the ankle is
undergoing a simulated anterior drawer test using 125 N
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force [38]. The stress radiograph will be taken with the
participant in a supine lying position with the foot re-
laxed in a resting position and the lower leg resting on a
support, with the hip and knee each flexed approxi-
mately 45 degrees. The heel will be supported on a
dynamometer (Lafayette Manual Muscle Tester, Model
01165, Lafayette, IN, USA) attached to a customised de-
vice which produces the anteriorly directed force. The
distal tibia will be fixed on the support using a stabilising
belt placed over the distal aspect of the tibia [58]. The
central ray will be centred just above the tip of the lat-
eral malleolus and perpendicular to the image receptor
[59]. Then an anterior force of 125 N will be applied [38]
to the heel of the participant at an angle of 20 degrees to
the vertical plane as per recommended clinical practice
[60], using the customised device. The force will be
monitored using the digital display of the dynamometer
attached to the customised device, and the radiograph
will be taken at 125 N. The ankle radiograph will be
taken at the focal-film distance of 110 cm [61] and will
set to 55 kVp and 2.1 mAs. The same procedure will be
applied to the other ankle. These images will be taken at
the baseline data collection session to assess mechanical
instability for use in subgroup analysis.
Radiographic images will be digitally obtained using

Merge PACS™ software (Merge Health Care, 2012).
Anterior translation of the talus will be measured be-
tween the posterior lip of the tibial articular surface and
the nearest point of the talar dome (Fig. 3) [61–64] to
identify any mechanical instability. Anterior drawer
stress radiographs have been found to have moderate
sensitivity, high specificity and a high positive predictive
value for the evaluation of lateral ankle instability [37]. A
between-limb difference of 3 mm in anterior translation
of the talus or an absolute value of 10 mm is considered
clinically significant [37].

Application of the intervention
Participants in the experimental group will be treated
with a manual MWM technique to the ankle and will be
taped after the intervention using the Mulligan approach
[22] to attempt to maintain the effects of the MWM.
The control group will receive a detuned (inactive)
therapeutic laser treatment to the lateral region of the
ankle. The number of treatment sessions delivered for
each participant will be based on their symptomatic re-
sponse to treatment, as determined by the clinical judge-
ment of the treating practitioner. Each participant will
be asked to avoid concurrent interventions during their
participation in the study.

MWM intervention
The participant’s inferior tibio-fibular joint will be mobi-
lised using Mulligan’s fibula MWM for dorsiflexion and/

or inversion [22]. Initially, the technique will be
performed in supine lying with the tibia resting on the
treatment table and the foot unsupported off the table’s
edge. The practitioner applies a sustained pain-free
anteroposterior glide with a slight cephalad and lateral
inclination to the distal fibula (lateral malleolus). This
glide is maintained while the participant performs active
inversion or dorsiflexion (depending on which is more
limited in range) to end of range. There should be no
pain with the active movement. At the end of range, the
practitioner will apply and sustain overpressure to the
active movement for a few seconds (or the participant
will do so after appropriate instruction) [16, 22]. If
dorsiflexion remains restricted, this technique can be
progressed and performed in partial and/or full
weight-bearing.
One treatment session will consist of three to five sets,

with six to ten repetitions of the active movement in
each set, with the actual dosage depending on the indi-
vidual response of the participant [22]. Participants will
receive between two to eight sessions according to the
clinical reasoning of the practitioner, over a period of 4
weeks. After each session, Mulligan MWM taping will
be applied in an attempt to replicate the sustained fibula
glide [8]. Non-elastic tape will be applied to the ankle
starting 2 cm anterior to the fibula and 1 cm proximal to
the tip of the lateral malleolus. The tape will be spiralled
obliquely around the lower limb while the fibula glide is
sustained, finishing on the anterior aspect of the leg
[22]. The participant will be instructed to keep the tape
on for 24 h. In the case of an adverse reaction, they will
be advised to remove the tape immediately and note the
length of time the tape was in place.

Detuned laser intervention
The placebo intervention will be applied using a detuned
therapeutic laser device (Meyer Medical Electronics,
Mordialloc, Australia) for 5 min to the lateral region of
the ankle, maintaining the probe 0.5–1 cm away from
the skin [31, 65–67]. The detuned laser device will ap-
pear to function normally (both audibly and visually) to
participants, but no effective emission will be produced.
Both the participant and the practitioner will be required
to wear protective glasses as per normal clinical practice
[66, 68]. Participants will receive two to eight treatments
over 4 weeks, according to the clinical judgement of the
treating practitioner. Detuned laser has been used in
several other studies assessing manual therapy including
for chronic ankle sprains. It avoids any possible direct
mechanical effects to the ankle being treated and also
does not activate somatosensory receptors [69–71].
Further, it has been shown to have a strong placebo
effect [70]. Scheduling of participant appointments will
be arranged to avoid interaction between participants.
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Sample size and data analysis
Previously published data related to the primary out-
come measure of function (FAAM subscales, ADL and
sports) [18, 34] (MCID = 8.0, SD = 5.68; MCID = 9.0, SD
= 7.42 respectively) were used in sample size calculations
[18, 34, 72]. A sample size of 16 per group allowing for a
30% drop-out rate was estimated, for a minimal statis-
tical power of 0.80 and an alpha significance level of
0.05. Secondary analysis based on the subgroups of ankle
instability (mechanical, functional) will be preliminary in
nature as the study is not powered for this aim.
Data will be analysed using SPSS Statistics for

Windows (Version 23.0, Armonk, NY, IBM Corp).
Continuous data will be assessed for normality using the
Shapiro-Wilk test.
Baseline comparability between groups will be analysed

using the independent t-test or non-parametric equivalent,
as appropriate. Linear mixed models will be used to ana-
lyse the outcome measures. For the primary outcome
measure, ‘function’ will be the outcome variable and time,

group and an interaction term for time by group will be
the predictors. Any statistically significant difference in
change in the outcome variable over time between the
groups will be indicated by the p value for the interaction
term. Pairwise Bonferroni comparisons will be performed
to explore the differences between time points and
between groups if a significant interaction is identified.
Independent t-tests will be used to compare outcome
measures between groups at each time point and the
changes of the scores will be used to detect any changes in
the outcomes of interest. Intention to treat analysis will be
performed with all participants allocated to each group
condition to evaluate the effect of the independent vari-
able. For missing data in ITT analysis, a participant’s last
observation for each outcome measure will be carried
forward. The average number and the average duration of
intervention sessions between groups will be compared. If
any significant difference observed, secondary analysis will
be taken to find any correlation between the treatment
volume and the outcomes.

Fig. 3 Anterior translation of the talus during the anterior drawer stress test is measured as the distance on X-ray from the posterior lip of the
tibial joint surface to the nearest point of the talar dome (left ankle, 13.2 mm in this image)
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Additional variables recorded during monthly phone
interviews (new injuries, changes in activity level, and
occurrence of other treatments) will be used as covari-
ates in the analysis of the 12month follow-up data as
they are possible confounders. Further, the Beighton
score for hypermobility will also be included in regres-
sion analysis as a covariate.
Radiographic measurement of the anterior drawer

stress test will be used to differentiate subgroups of CAI
in potential sub group analysis.

Discussion
One proposed anatomical mechanism underpinning
MWM is theorised to be a correction of a minor bony
incongruity (positional fault) which is at the source of
the patient’s presenting problem [22, 73]. The existence
of an anterior fibular ‘positional fault’ in individuals with
CAI has some preliminary radiological support [27].
There are also limited MRI data supporting Mulligan’s
positional fault hypothesis in cases of lateral ankle pain
[72], however there is no evidence to date that MWM
reverses any positional anomaly. Further, should any
fibular positional anomaly be reversed immediately after
the application of MWM, the length of time this reversal
or correction is maintained is unknown. The proposed
study protocol is designed to determine the presence of
any positional fault of the fibula in CAI, and whether
MWM can reverse this, and if so, whether this reversal
is evident 4 weeks after treatment commences.
Moreover, this study protocol will explore the correl-
ation between an anatomical measure (fibular position)
and other clinical outcomes (pain, function, pressure
pain threshold, DFROM, static and dynamic balance).
Potential relationships between these measures may help
explain how changing an anatomical measure may effect
a clinically meaningful outcome. The effect of MWM in
CAI will also be explored in relation to the presence or
not of radiologically measurable mechanical instability.
There are very few clinical trials with long term

follow-ups which have assessed MWM for any musculo-
skeletal condition, and only one for CAI which had a 6
month follow-up [6, 15]. The proposed study protocol is
therefore the first designed to evaluate the long term ef-
fectiveness of MWM on CAI. Moreover, the treatment
effect may depend on the type of instability present
(mechanical or functional), and this study protocol may
evaluate the efficacy of MWM on these two subgroups
of CAI. However, the subgroup analysis will be explora-
tory as the study was only powered to detect the main
effect being the intervention on the functional outcome.
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