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Abstract

Background: Ankle sprains are common within the general population and can result in prolonged disablement.
Limited talocrural dorsiflexion range of motion (DF ROM) is a common consequence of ankle sprain. Limited
talocrural DF ROM may contribute to persistent symptoms, disability, and an elevated risk for re-injury. As a result,
many health care practitioners use hands-on passive procedures with the intention of improving talocrural joint DF
ROM in individuals following ankle sprains. Dosage of passive hands-on procedures involves a continuum of
treatment speeds. Recent evidence suggests both slow- and fast-speed treatments may be effective to address
disablement following ankle sprains. However, these interventions have yet to be longitudinally compared against
a placebo study condition.

Methods/Design: We developed a randomized, placebo-controlled clinical trial designed to test the hypotheses
that hands-on treatment procedures administered to individuals following ankle sprains during the post-acute
injury period can improve short-, intermediate-, and long-term disablement, as well as reduce the risk for re-injury.

Discussion: This study is designed to measure the clinical effects of hands-on passive stretching treatment
procedures directed to the talocrural joint that vary in treatment speed during the post-acute injury period,
compared to hands-on placebo control intervention.

Trial Registration: http://www.clinicaltrials.gov identifier NCT00888498.

Background
Ankle sprains are the most common injury to the ankle
joint, accounting for up to 2 million injuries per year
[1]. Annual incidence is estimated at 52.7 per 10,000
individuals [2]. Ankle injuries are very common in
younger and active individuals, second only to the knee
in the annual incidence of lower extremity sports-related
injuries [3,4]. Among high school athletes in the United
States, sprains account for 50% of all lower extremity
injuries [5] with the ankle joint most commonly affected
[5-7]. In one sample of individuals with non-athletic
mechanisms of injury, sprains accounted for over 40%
of reported injuries with the ankle joint also most com-
monly affected [8]. Certain sports and work activities
may result in an even higher incidence and risk for

injury [9-15]. Ankle sprains are clinically significant
because they result in a substantial number of missed
work days [8] and participation in sports activity [3,5],
as well as potential early arthritic changes in the talo-
crural joint [16].
Lateral ankle and midfoot injuries account for 80-85%

of all sprains [17,18]. The most common mechanism of
injury for ankle sprains involves plantarflexion and
inversion of the ankle and foot, which places excessive
load on the anterior talofibular ligament. With failure of
this ligament, secondary restrain to inversion occurs by
way of the calcaneofibular and posterior talofibular liga-
ments, placing them at similar risk for injury. The ante-
romedial joint capsule and anterior fibers of the deltoid
ligament may be secondarily injured due to excessive
eversion of the ankle and foot that may occur during
recoil from maximal inversion. Ankle sprains are
assigned grades I to III, ordered from least severe to
most severe ligament damage.
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Although the prognosis for functional recovery follow-
ing ankle sprain typically includes a rapid reduction in
disablement within the first 2 weeks after injury [19],
recent studies indicate a subgroup of individuals appears
predisposed to continued pain, functional deficits, and
prolonged risk for additional re-injury [19-26]. For exam-
ple, Gerber and colleagues [17] reported 95% of their
sample of injured military cadets returned to normal
activities within 6 weeks, although 55% reported residual
functional deficits. At 6-month follow-up, 40% of the
sample continued to note functional deficits compared to
their pre-injury status. Other studies have corroborated
reports of prolonged functional deficits and risk for re-
injury as long as 18 months to 3 years following the
initial injury [19,20,26]. The incidence and prolonged dis-
ability associated with ankle sprains requires identifica-
tion of optimal approaches to clinical management.
One reason for continued pain and elevated risk for

re-injury may be limited ankle joint mobility. Several
studies have identified limited talocrural joint dorsiflex-
ion range of motion (DF ROM) as an important predis-
posing factor to ankle sprains [27-29]. Significant short-
term loss of ankle range of motion also has been docu-
mented as a response to injury in persons who sustained
a recent ankle sprain [30]. Along these lines, Denegar
and colleagues [31] established a significant loss of pos-
terior talar glide in individuals with unilateral ankle
sprains, although a significant difference in talocrural
DF ROM between involved and uninvolved sides was
not noted. One important implication of studies that
have identified talocrural DF ROM deficits in individuals
following ankle sprains is that perhaps intervention to
improve talocrural DF ROM should correspondingly
reduce ankle pain, disability, and risk for re-injury fol-
lowing ankle sprains.
Many clinicians use hands-on passive stretching tech-

niques to improve limited joint mobility, such as ankle
DF ROM. Hands-on passive stretching techniques,
including mobilization and manipulation, vary on a
dosage continuum involving the speed of iatrogenic
force application. Mobilization typically involves a slow
and sustained application of iatrogenic force, while
manipulation is characterized by a rapid application of
iatrogenic force. Despite the intuitive appeal of applying
mobilization and manipulation to promote parallel
improvements in talocrural DF ROM and functioning in
individuals following ankle sprains, this idea has been
the focus of relatively few prospective studies [32]. Pel-
low and Brantingham [33] were among the first to
report reduced pain and improved function in indivi-
duals with ankle sprains receiving an ankle mortise dis-
traction technique. Whitman and colleagues [34]
reported rapid functional improvement after talocrural
manipulation in a single case study of a competitive

volleyball player with a mild unilateral ankle sprain.
More recently, Whitman and coworkers [35] documen-
ted favourable clinical outcomes in approximately 75%
of their sample with post-acute ankle sprains following
2 sessions of mobilization and manipulation directed at
joints distal to the knee.
Although initial results are promising, various metho-

dological issues in existing studies challenge our collec-
tive understanding of the effectiveness of mobilization
and manipulation on clinical outcomes in individuals
with ankle sprains. The effect attributable to placebo
manual stimulation and speed of iatrogenic force appli-
cation during hands-on treatment remains unclear. Also,
prior studies have not conducted longitudinal assess-
ments over sufficient durations to adequately evaluate
the effectiveness of mobilization/manipulation to reduce
the risk for re-injury. Thus, the purpose of this paper is
to describe the methodology of a randomized, placebo-
controlled clinical trial to evaluate the effect of mobiliza-
tion, manipulation, and hands-on placebo treatment of
the talocrural joint on short-, intermediate-, and long-
term clinical outcomes in individual with post-acute
ankle sprains.

Methods/Design
Subjects
Patients with post-acute ankle sprains will be recruited
to participate in this study from multiple clinical cen-
ters across the United States. The Institutional Review
Boards of the University of the Pacific (Stockton, CA,
USA) and Des Moines University (Des Moines, IA,
USA) approved this study protocol. This study proto-
col is registered with http://www.clinicaltrials.gov
(NCT00888498).
Inclusion criteria for this study are age 16-60 years,

onset of ankle sprain at least 2 weeks prior to enroll-
ment, and Foot and Ankle Ability Measure Activities of
Daily Living (FAAM ADL) subscale score less than or
equal to 67 points (ie, respondent indicates ≥20% dis-
ability). Exclusion criteria involve current assisted ambu-
lation (eg, cane or crutches); inability to bear weight
through the affected extremity immediately after injury
with tenderness to palpation of the medial and lateral
malleolar zones, styloid process of the 5th metatarsal,
and navicular [36]; positive anterior drawer or inversion
stress maneuver suggesting ligamentous laxity [37-39];
volume of the affected limb greater than 10% of the
unaffected limb per water displacement volumetry [40];
previous history of ligament or bony reconstructive sur-
gery to the ankle and foot; concomitant injury to other
lower extremity joints; and inability to comply with the
treatment protocol.
A total of 189 subjects will be recruited (n = 63 per

group). A group size of 52 subjects will provide 80%
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statistical power to detect an 8-point (9.5%) difference in
FAAM ADL subscale score based on Martin and collea-
gues’ data[41], with additional subjects recruited to
account for a 20% dropout rate [42]. This sample size
ensures the study is powered to detect a statistically and
clinically significant difference between groups using a
2-sample t-test (Figure 1).

Pre-Participation Screening Measures
Foot and Ankle Ability Measure (FAAM)
The FAAM is a self-report questionnaire consisting of a
21-item ADL subscale and 8-item Sports subscale, in
addition to a global rating of self-perceived foot function
from 0-100% [41]. This inventory demonstrates satisfac-
tory internal consistency, validity, and score stability.
Test-retest validity is satisfactory for use in research
designs involving repeated measures (ICC2,1 = .87-.89).
Minimum clinically important change scores have been
identified for the ADL subscale (8 points) and Sports
subscale (9 points) with respect to patient global rating
of change.
Anterior drawer test
The anterior drawer test is a manual assessment of the
integrity of the anterior talofibular ligament (ATFL)
[43]. It is performed with the patient in supine hook-
lying position to relax the plantaflexor muscle group,
and the ankle of interest plantarflexed 10-15 degrees
[44]. The evaluating therapist stabilizes the tibia and
fibula while translating the calcaneus and talus ante-
riorly. A positive test involves the perception of exces-
sive movement by the investigator or the appearance
skin dimpling on the anterolateral ankle [45]. This test
demonstrates diagnostic specificity to detect rupture of
the ATFL, and as little as 2 mm of excessive excursion
may be detected manually [37,39].

Inversion stress maneuver
The inversion stress test is intended to elicit symptoms
or excessive mobility due to calcaneofibular ligament
rupture [38]. It is performed with the subject in supine.
The evaluating therapist stabilizes the affected leg, and
moves the calcaneus into inversion and adduction, with
the foot positioned neutrally in the sagittal plane.
Volumetric measurement of the foot, ankle, and lower leg
Water displacement volumetry will be used to assess for
the presence of clinically significant ankle edema, which is
operationally defined as ≤10% difference in left and right
limb volume in this study. In this test, the subject will first
place their uninvolved foot in a 32.5 × 12.5 × 22.5 cm
clear acrylic box containing a known volume of water. As
the subject’s foot enters the box, water will flow from a
spout in a box into a graduated cylinder. Measurement of
displaced water will be completed and then the displaced
water will be discarded. The graduated cylinder will be
dried thoroughly and replaced beneath the box spout. The
subject will then place their involved foot into the box,
and the volume of displaced water will be measured. This
volume represents the difference in volumes between
involved and uninvolved sides. The residual volume of
water displaced by the involved side will then be divided
by the volume of water displaced by the uninvolved side.
Water displacement volumetry demonstrates strong intra-
tester reliability (ICC2,1=.99) and inter-tester reliability
(ICC2,1=.93-.97) [46,47]. The 10% inter-limb difference cri-
teria adopted for this study exceeds the margin of diurnal
variability in water displacement measurements [40].

Baseline Measures
After pre-participation screening is completed and
informed consent is obtained, baseline measures will be
collected on the same day.

Figure 1 Group size vs. effect size plot given d = .4 (arrow), b ≥ .80, and a = .05 for a 2-sample t-test. Optimal sample size occurs at
n = 52 per group. Adding an additional 20% to group size to account for potential drop-outs, group size for this study was estimated at n = 63.
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Numeric Pain Rating Scale (NPRS) and Pain Diagram
The 11-point NPRS will be used to structure 3 measure-
ments of subjects’ pain intensity, including the levels at
best in the past 24 hours, at worst in the past 24 hours,
and the current level of pain. The NPRS ranges from
“No Pain” and “Worst Imaginable Pain.” NPRS measure-
ments are reliable and valid for use in clinical trials [48].
A pain diagram will be used to record the location and
nature of a patient’s ankle and foot symptoms by draw-
ing it on the diagram of a human figure.
Fear Avoidance Beliefs Questionnaire (FABQ)
The FABQ is a questionnaire intended to quantify the
level of fear of pain during various activities in indivi-
duals with lower back pain [49]. It consists of a Physical
Activity subscale (4 items) and Work subscale (7 items)
and 5 distractor items. The subscales of the FABQ
demonstrate high test-retest reliability (ICC2,1=.77 and
.90, respectively) [50]. Each subscale has been demon-
strated to be significantly predictive of current and
future disability in individuals with acute and chronic
lower back pain [49,51,52]. Wording will be changed to
reference lower extremity disability for purposes of this
study. Preliminary data regarding clinimetric properties
of the modified FABQ will be collected during this
study in order to conduct future validation analyses.
Lower Extremity Self Efficacy Scale (LExSES)
The LExSES is a 20-item questionnaire intended to
measure a subjects’ self-efficacy related to lower extre-
mity function. It consists of 3 subscales of patient self-
efficacy, including functional and self-regulatory abilities,
and exercise performance self-efficacy. Preliminary data
regarding clinimetric properties of the LExSES also will
be collected during this study in order to conduct future
validation analyses.
Positive and Negative Affect Scale (PANAS)
The PANAS is an inventory aimed at assessing a
patients’ mood. It consists of two checklists, each con-
taining 10 items [53]. Patients are requested to rate each
item to describe their mood in the timeframe provided
using a 5-point Likert scale. The response scale ranges
from 1 “Very slightly or not at all” to 5 “Extremely.”
The PANAS shows high internal consistency, test-retest
reliability, and sensitivity to change.
Patient Global Rating of Change (GROC)
The GROC is a single item 15-point scale intended to
measure a subject’s general perception regarding response
to treatment [54]. Responses range from “A very great
deal better” to “A very great deal worse,” with “About the
same” serving as the center of the scale. GROC is a com-
mon scale used in studies that assess health-related quality
of life due to its simplicity and face validity.
Lower extremity ROM
Hip flexion with knee flexed, internal rotation, external
rotation; knee extension; subtalar inversion and eversion;

and ankle plantarflexion and dorsiflexion passive ROM
will be measured with a standard goniometer by the
evaluating therapist using previously described techni-
ques that demonstrate adequate validity and reliability
[55-58]. An inclinometer will be used to measure hip
extension range of motion in a Thomas test position
with both the knee flexed and extended [59,60] and the
inclinometer placed just proximal to the patella and par-
allel with the long axis of the thigh.
Lower extremity manual muscle testing (MMT)
MMT of the gluteus medius, gluteus maximus, quadri-
ceps, tibialis posterior, tibialis anterior, peroneus longus/
brevis (group), and gastocnemius will be completed
according to established procedures and grading scheme
[59]. Pain and inability to maintain the test position at a
given level of resistance will be included as criteria to
discontinue the tests. These tests retain adequate validity
and intra-rater reliability to detect muscle weakness,
although they may demonstrate ceiling effects that
depend on examiner characteristics [61].
Star balance excursion test (SBET)
The SBET is a clinical test of dynamic balance [62-65].
Subjects will assume unilateral stance in the center of a
grid marked circumferentially in 45-degree increments.
After a learning trial consisting of 6 repetitions in each
of the 8 test directions [63], subjects will complete 3
repetitions of single limb squat reach. Two trials will be
completed: 1 trial each with the subject standing on the
affected and unaffected limbs. Test directions include
anterior, lateral, anterolateral, posterolateral, posterior,
medial, anteromedial, and posteromedial. The evaluating
therapist will record the distance achieved between the
stance toe and heel of the reaching extremity for 3 repe-
titions in each direction. Fifteen seconds of rest will be
provided between trials. Repetitions will be excluded if
the subject (1) is unable to maintain weightbearing dur-
ing the trial; (2) lifts the stance foot; (3) loses balance;
or (4) does not maintain the hold or start positions for
1 second. This test demonstrates good reliability (ICC2,1

= .67-.97), and demonstrates discriminative validity
between non-disabled individuals and patients with
chronic ankle instability [64,66].

Randomization and blinding
After completing pre-participation screening and base-
line measures by a standardized licensed physical thera-
pist (evaluating therapist), each subject will receive both
an identification number and a unique random number
indicating treatment group assignment. Numbers indi-
cating group assignments will be concealed in a privacy
envelope. A second licensed physical therapist blinded
to the baseline examination (treating therapist) will
open the proper randomization envelope that corre-
sponds to the patient’s unique identification number.
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The treating therapist will record the subject’s group
assignment on a standardized form. It will be impossible
to blind the subject and treating therapist to treatment
assignment. However, the evaluating therapist will
remain blind to the subject’s treatment assignment.
Patients will be instructed to conceal their group assign-
ment from the evaluating therapist.

Experimental groups
Subjects will be randomized into 3 groups after pre-
participation screening is completed, informed consent is
obtained, and baseline measures are recorded (Figure 2).
The first group (n = 63) will receive talocrural traction
manipulation (Figure 3). With the subject in a seated
position on a treatment table and the lower extremity of
interest stabilized to the table with a belt, the standar-
dized treating therapist will grasp the foot of interest
with the thenar eminences on the foot’s plantar surface.
A thrust will be delivered parallel to the long axis of the
subject’s lower leg after the treating therapist induces
passive ankle dorsiflexion to end range. The second
group (n = 63) will receive talocrural traction mobiliza-
tion. Traction will be delivered to the talocrural joint at
the treating therapist’s second perception of tissue resis-
tance in 3 bouts of 30-second holds, separated by 10 sec-
onds of rest. The third group (n = 63) will receive the
manual therapy control intervention. This will consist of
the same patient and clinician preparation for the mobili-
zation/manipulation techniques. However, the treating
therapist will maintain passive DF ROM for the duration
of 1 deep inhalation and exhalation by the subject.
Following the procedure, all subjects will receive range of
motion exercises involving 10 clockwise ankle and foot
circles within a symptom-free range of motion. Subjects
will be requested to complete this exercise 4 times daily
for 10 repetitions each session.

Treatment schedule
All subjects will attend 5 treatment sessions as part of
this study, including 2 sessions during the first week
and 1 session per week for the next 3 consecutive
weeks. All subjects will be scheduled for the first treat-
ment session within 3 days of the baseline examination.
In all treatment groups, the first 2 sessions will begin
with delivery of the ankle manual therapy technique fol-
lowed by the range of motion exercise described above.
The final 3 sessions will involve instruction in a standar-
dized strengthening program. The treating therapist will
document daily treatment on a standardized form, as
well as their subjective impression of the subject’s
improvement at 4 weeks after enrolment. Subjects will
be requested to document home program compliance
on a standardized log, and advised to refrain from new
activities during the study. Clinicians and subjects will

be free to pursue their treatments of choice after the 4-
week measurements are obtained.

Post-treatment measures and schedule
The FAAM, NPRS, FABQ, PANAS, LExSES, and a side
effect questionnaire will be administered at 1 week fol-
lowing enrolment. The demographic questionnaire,
FAAM, NPRS, FABQ, PANAS, and LExSES will be
administered at 4 weeks following enrolment, and
mailed to subjects to complete at 6 months, 1 year, and
2 years following enrolment.

Data Analysis
The primary dependent variable for this study is FAAM
score at 1 week, 4 weeks, 6 months, 1 year, and 2 years.
Secondary dependent variables include NPRS, modified
FABQ, PANAS, LExSES, and GROC scores at 1 week,
4 weeks, 6 months, 1 year, and 2 years. The independent
variable is the manual therapy intervention condition.
All other outcome measures will be assessed as potential
covariates of treatment success, which is defined as the
achievement of minimum clinically important change
score on the FAAM for this study.
Descriptive statistics will be calculated for the data set,

including frequencies, means, and standard deviations.
Between and within-group comparisons will be made
for outcome measurements at 4 weeks, 6 months,
1 year, and 2 years post-enrolment. Analysis of variance
with appropriate post-hoc pairwise comparisons will be
used to assess between-groups differences for continu-
ous data. Statistical significance of between-group differ-
ences in categorical data will be assessed with chi
square analysis. Pearson correlations and multivariate
linear regression analyses will be performed to deter-
mine statistical significance of associations with treat-
ment success and failure. An intention-to-treat analysis
will be performed for subjects who drop out of the
study after enrolment but prior to completion of all
study procedures. Statistical significance of inferential
statistical tests will be accepted at a≤.05.

Discussion
This study protocol describes a randomized, placebo-
controlled clinical trial that measures the short-, inter-
mediate-, and long-term effects of talocrural joint
mobilization, manipulation, and placebo treatment for
individuals with post-acute ankle sprains. Hands-on
treatments that improve ankle DF ROM are hypothe-
sized to cause related improvement in disability and
mitigation of re-injury risks. We believe the study
designed in this paper addresses methodological defi-
ciencies in the manual therapy literature to date
that interfere with our optimal understanding of best
practices related to mobilization/manipulation in
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Figure 2 Flow chart for subject screening, pre-intervention measurement, intervention, and post-intervention measurements.
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individuals with post-acute ankle sprains. Specifically,
inclusion of a hands-on placebo control should allow
for differentiation of generalized clinical benefit from
manual stimulation and clinician attention versus
iatrogenic force application. In addition, the length of
follow-up measurements should allow for adequate
estimation of the potential longitudinal effects of
mobilization/manipulation during the post-acute injury
period on re-injury rate. The methodological charac-
teristics of this study should help generate high quality
data that will further our collective understanding of
best practices in manual therapy.

Abbreviations
ADL: activities of daily living; ATFL: anterior talofibular ligament; DF:
dorsiflexion; FAAM: Foot and Ankle Ability Measure; FABQ: Fear Avoidance
Beliefs Questionnaire; GROC: Global rating of change; ICC2,1: Intraclass
correlation coefficient - formula 2,1; LExSES: Lower Extremity Self Efficacy
Scale; MMT: manual muscle test; NPRS: numeric pain rating scale; PANAS:

Positive and Negative Affect Scale; RCT: randomized clinical trial; RICE: rest,
ice, compression, and elevation; ROM: range of motion

Acknowledgements
This study is funded by a grant sponsored by the Clinical Research Program of
the Orthopaedic Section of the American Physical Therapy Association to TED.

Author details
1Department of Physical Therapy, Thomas J. Long School of Pharmacy and
Health Sciences, University of the Pacific, Stockton, California, USA.
2Musculoskeletal Biomechanics Research Laboratory, Division of
Biokinesiology and Physical Therapy at the Herman Ostrow School of
Dentistry, University of Southern California, Los Angeles, California, USA.
3Neuroplasticity and Imaging Laboratory, Division of Biokinesiology and
Physical Therapy at the Herman Ostrow School of Dentistry, University of
Southern California, Los Angeles, California, USA.

Authors’ contributions
TED, KK, and BEF contributed to the design of this study protocol. TED
provided research funding. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Figure 3 Ankle high-velocity low-amplitude, slow velocity, and control interventions under study. With the subject in a supine position
on a treatment table and the lower extremity of interest stabilized to the table with a belt (A), the treating investigator will grasp the foot of
interested with the thenar eminences on the foot’s plantar surface (B) and induce passive dorsiflexion to end range (B; open arrow). Iatrogenic
force will be provided along the long axis of the tibia in the intervention groups. (B; hatched line) In the control group, the treating investigator
will maintain passive dorsiflexion (B; open arrow) for the duration of 1 deep inhalation and exhalation by the subject rather than induce an
iatrogenic force.
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