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Abstract

Introduction—Deficient sensory input from damaged ankle ligament receptors is thought to
contribute to sensorimotor deficits in those with chronic ankle instability (CAI). Targeting other
viable sensory receptors may then enhance sensorimotor control in these patients. The purpose of
this randomized controlled trial was to evaluate the effects of 2 weeks of sensory-targeted
rehabilitation strategies (STARS) on patient- and clinician-oriented outcomes in those with CAL.

Methods—Eighty patients with self-reported CAl participated. All patients completed patient-
oriented questionnaires capturing self-reported function as well as the weight-bearing lunge test
(WBLT) and an eyes closed single limb balance test. After baseline testing, patients were
randomly allocated to four STARS groups: joint mobilization (JM), plantar massage (PM), triceps
surae stretching (TS), or control (CON). Each patient in the intervention groups received six, five-
minute treatments of their respective STARS over two weeks. All subjects were reassessed on
patient and clinician oriented measures immediately following the intervention and completed a
one-month follow up that consisted of patient-oriented measures. Change scores of the three
STARS groups were compared to the CON using independent t-tests and Hedge’s g effect sizes
(ES) with 95% confidence intervals (CI).

Results—The JM group had the greatest WBLT improvement. PM had the most meaningful
single limb balance improvement. All STARS groups improved patient-oriented outcomes with
JM having the most meaningful effect immediately after the intervention and PM at the one-month
follow up.

Conclusion—Each STARS treatment offers unique contributions to the patient and clinician
oriented rehabilitation outcomes of those with CAI. Both JM and PM appear to demonstrate the
greatest potential to improve sensorimotor function in those with CAL.
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Introduction

Ankle sprains are the most common injuries associated with physical activity and athletic
participation, accounting for approximately 60% of all injuries that occur during
interscholastic and intercollegiate sports. (9, 19) Additionally, an estimated 625,000 lateral
ankle sprains are seen in United States emergency departments annually. (38) Data from a
prospective cohort of interscholastic athletes would suggest that the comprehensive costs
(i.e. direct medical costs and human capital costs) of a lateral sprain would be approximately
$9,000 to 12,000 per injury. (22) Using these estimates, annual comprehensive costs could
be as high as $7.5 billion (625,000 sprains x $12,000). Further, about 30% of those who
incur a first time lateral ankle sprain develop chronic ankle instability (CAI) characterized
by recurrent ankle sprains, episodes of ankle giving way, and decreased functional
performance; (14) however this number has been reported as high as 75%. (1, 32) Those
with CAl also have a greater propensity to develop ankle osteoarthritis compared to those
with no history of ankle injury. (36) The residual symptoms that define CAl significantly
alter an individual’s health and function by causing them to become less active over their life
span. (37) Given the high incidence of lateral ankle sprains and CAl, it is not surprising that
the total number of lateral ligament reconstructions and ankle arthroscopy procedures
increased by over 17% from 2007-2011. (40) Both of these outpatient procedures are
common in the treatment of CAIl and thus represent another level of healthcare utilization by
individuals who have sustained a lateral ankle sprain. Thus ankle sprains, while often viewed
as mild injuries, (30) represent a significant public health problem (35, 37) and a major
healthcare burden.

Residual symptoms associated with CAI encompass both sensory (18, 25) and motor (3, 17,
42) aspects of sensorimotor function. Despite deficits in both sensory and motor aspects of
sensorimotor control, traditional rehabilitation strategies for CAl focus almost exclusively
on motor pathway impairments (i.e. strength, coordination). (39) Similarly, most research on
CA has focused only on maximizing motor output, ignoring the full spectrum of
sensorimotor dysfunction associated with CAl. (21, 27) Unfortunately, the high recurrence
rates, incidence of post-traumatic ankle osteoarthritis, and consequent healthcare burdens
clearly indicate that such an emphasis may be ineffective in reducing CAl development and
recurrence.

Research has demonstrated that the sensorimotor system dynamically shifts reliance on
various sensory inputs depending on the demands placed on the system. (31) These inputs
include ankle joint receptors, plantar receptors of the foot, and the musculotendinous
receptors specifically within the triceps surae. There have been investigations in which these
sources have been manipulated and profound effects on sensorimotor control have been
identified. (8, 16, 23, 26, 29) For example, constraining ankle articular receptor information
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Methods

from healthy individuals has deleterious effects on postural control. (26) However,
stimulating various foot/ankle complex receptors through various manual therapies has
improved postural control in those with CAl. (15, 23) Based on this evidence, there appears
to exist an opportunity to advantageously focus on these sensory inputs through manual
therapy techniques such as ankle joint mobilizations, plantar massage, and triceps surae
stretching to effectively rehabilitate CAl, but our understanding of the unique contributions
associated with these sensory-targeted ankle rehabilitation strategies remains unclear.
Therefore, the purpose of this investigation was to determine the efficacy of the three
sensory-targeted ankle rehabilitation strategies (triceps surae stretching, ankle joint
mobilizations, and plantar massage) at causing immediate and prolonged improvements in
subjective and objective outcome measures of clinical disablement and sensorimotor
dysfunction in those with CAIl. We hypothesize that sensory-targeted ankle rehabilitation
strategies directed to three unique sources of sensory input (musculotendinous receptors,
ankle joint receptors, plantar receptors) will result in specific and unique improvements in
clinician-oriented measures of sensorimotor system function and patient-oriented measures
of clinical disablement.

Design & Participants

This study was a clinical trial that used a multicenter, mutli-arm parallel randomized control
study design with a 1-month follow-up period. This was a non-inferiority trial, testing the
efficacy of three types of sensory-targeted ankle rehabilitation strategies: ankle joint
mobilization, plantar massage, and triceps surae stretching at improving patient-, and
clinician-oriented outcome measures in individuals with CAl. Participants received one of
the three treatment conditions or were assigned to the control group in a 1:1:1:1 ratio at each
site. Once the trial was initiated, no changes were made to the study design or outcome
measures. Trial registration number is NCT01541657.

Participants with CAIl were recruited through advertisements and word of mouth between
January 2012 and February 2014 from the general population (i.e. student, staff, and faculty)
of three large public universities in the United States and tested in research laboratories on
the respective campuses. For this investigation, CAl was defined as those individuals with a
history of at least two episodes of “giving way” within the past 6 months; scoring =5 on the
Ankle Instability Instrument (All), scoring < 90% on the FAAM, and scoring < 80% on the
FAAM Sport (FAAM-S). (15) Exclusion criteria will consisted of failing to meet the above
mentioned inclusion criteria and/or sustaining an acute ankle sprain in the 6 week prior to
screening, a previous history of ankle surgeries, lower extremity surgeries associated with
internal derangements or repairs, and/or other conditions known to affect sensorimotor
function. This investigation was initiated prior to the International Ankle Consortium’s
published recommendations, (10-12) but the inclusion/exclusion criteria are consistent with
those recommended. The protocol was approved by the research and ethics committees for
each institution and all individuals provided written informed consent prior to participation.
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Sample Size

Using data from a previous study, (16) which examined the effects of joint mobilization on
similar outcome measures, our preliminary power analysis (GPower: version 2.0, University
of Dusseldorf, Germany), determined that the number of participants necessary to detect
significant changes was 16 per group, based on 1-$=0-90, a=0-10, and the most conservative
effect size from a preliminary study (16) on the immediate effects of joint mobilization on
the mean of time to boundary minima in the mediolateral direction with eyes open (effect
size = 0.4). Thus, 20 participants per group were recruited to account for a planned 20%
dropout rate.

Randomization

Following baseline testing, participants were randomized into one of three treatment groups
or the control group using sealed opaque envelopes that were created at each institution prior
to the initiation of the investigation by individuals not involved with the investigation. In
accordance with the data safety officer, randomization procedures were conducted in blocks
of 8 at each institution with each block containing two assignments to each group. The
primary investigators were responsible for both participant enroliment and oversaw
randomization procedures.

Interventions

All treatment sessions consisted of a single participant and a primary investigator. Each
participant in the treatment groups received a total of six treatment sessions of their assigned
sensory-targeted ankle rehabilitation strategy (STARS) over a two-week period and each
treatment session lasted 5-minutes in duration. A single treatment session was performed per
day with at least 24 hours between treatment sessions across the two weeks. See figure 1.
The joint mobilization STARS group received two sets of ankle joint mobilizations. Each set
consisted of two-minutes of Grade 111 anterior-to-posterior talocrural joint mobilizations
with a one-minute rest between sets with the patient in a long-sitting position. (15) This
mobilization was operationally defined as large-amplitude, one-second rhythmic oscillations
from the mid- to end ROM with translation taken to tissue resistance. The plantar massage
STARS group received two, two-minute plantar massage sets with a one minute rest between
sets. This massage was operationally defined as a combination of petrissage and effleurage
to the entire plantar aspect of the foot with the patient supine. (23) However, no effort was
made to constrain the time spent using each technique or the location of the massage. The
triceps surae stretching STARS group performed two sets of heel cord (i.e. calf) stretching.
Each set consisted of three, 30-second stretches with a ten-second rest between stretches and
a one-minute rest between sets. Participants stood on an adjustable slant board, so that the
calf musculature and musculotendinous unit was gently stretched. Each participant in the
control group received no treatment or sham condition and sat quietly for five-minutes
during the first treatment session. Control participants were not required to return for
additional treatment sessions. All participants were asked to maintain the same level of
physical activity and lifestyle over the duration of the study.
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Outcomes

Primary and secondary outcomes focused on two construct areas: patient-, and clinician-
oriented measures. (28) Patient-oriented outcome measures included self-reported disability
and self-reported physical activity levels. Self-reported disability was recorded using the
FAAM and FAAM-S as part of the eligibility screening. Lower percentages (patient’s score
divided by max score) represent greater disability. All participants were asked to rate their
level of self-reported function on these scales for both the treatment and non-treatment
limbs. In addition, participants completed the National Aeronatics and Space Administration
(NASA) Physical Activity Status Scale (PASS), an indicator of aerobic fitness. (13) The
PASS allows each participant to rate his/her level of physical activity over a set time period.
At the time of inclusion in the study, participants reported the number of giving way
episodes experienced within the past 3 months. This was operationally defined as “the
regular occurrence of uncontrolled and unpredictable episodes of excessive inversion of the
rear foot, which do not result in an acute ankle sprain”. (5, 10-12) All patient-oriented
outcomes were recorded at baseline (pre intervention), within 72-hours of the final treatment
session (Post-Test 2), and at 1 month Follow-Up.

Clinician-oriented outcomes included weight-bearing dorsiflexion range of motion (ROM)
and single limb balance. Dorsiflexion ROM was measured using the weight bearing lunge
test (WBLT) in accordance to a previously estabilished protocol. (2) Measuring distance
with the WBLT has been shown to have excellent inter-rater and intra-rater reliability (2) and
discriminate between those with CAl and healthy uninjured controls. (33) Single limb
balance was assessed by counting the number of errors that occurred during three, 20-second
trials of single limb balance test (SLBT) on a firm surface with eyes closed in accordance to
a previously established protocol. (7) Potential errors included 1) touching down with the
opposite limb, 2) lifting hands off of the hips, 3) lifting the forefoot or rearfoot of the stance
foot, 4) opening the eyes, 5) moving the hip into more than 30 degrees of flexion or
abduction, 6) stepping, stumbling, or falling, or 7) remaining out of the test position for
more than 5 seconds. If more than one error occurred simultaneously, it was simply counted
as one error. (7) Previous research has demonstrated good inter-tester reliability for this test.
(34) All clinician-oriented outcomes were recorded at baseline (pre intervention),
immediatly following the first STARS and control (5-minutes of quiet sitting) session (Post
test 1), and at post-test 2 on both the treated and nontreated limbs. All assessment periods
were conudcted using identical methodology.

Statistical Analysis

The primary hypothesis was that all three sensory-targeted ankle rehabilitation strategies
would improve patient-oriented outcomes, but each would have unique influences on the
clinician-oriented measures of sensorimotor function. The outcome of interest for each of
the variables was the amount of change due to the intervention. Thus, all patient-oriented
outcome measures were analyzed using change scores from baseline to Post-Test 2 and at 1-
month follow-up. The clinician-oriented outcomes were also analyzed using change scores
but from baseline to Post-Test 1 and Post-Test 2. In order to explore the effects each
treatment had on these measures, the control group was used as the reference group. Change
scores of the three treatment groups were compared to the control group using independent
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Results

sample t-tests and bias corrected Hedge’s g effect sizes (ES) with 95% confidence intervals
(CI). Hedge’s g effect sizes were interpreted as less than 0.3 as small, 0.31-0.7 moderate,
and greater than 0.71 as large. An alpha level set a priori at 0.10 was used for all statistical
analyses. Additionally, the measurement error for all outcomes was assessed utilizing the
non-treatment limb change from baseline to post-test 2. For the patient-oriented measures
(FAAM and FAAM-S, Cronbach’s alpha was used to assess reliability. For the clinician-
oriented measures, an ICC,,3) model was employed. From the reliability estimates, the
minimum detectable change (MDC) was calculated from the standard error of the
measurement (SDpre.test, post-test 2 * V1-1CC) and multiplied by v2 to determine the amount of
change needed to go beyond the typical measurement error for the outcome. (16) The
changes calculated within the treatment limb as described above were then evaluated with
their respective MDCs.

Baseline characteristics for each group can be seen in Table 1. The Consort Statement flow
diagram for the STARS trial is presented in the appendix (See Figure, Supplemental Digital
Content 1, Appendix—the STARS Consort Statement flow diagram). At Follow-up there
was an ~94% (75/80) retention rate with no differences in loss to follow-up among the trial
groups and no suggestion of differences between those lost to follow-up and those remaining
in the trial at the 1-month assessment. There were no related adverse events during the study.
Because of the high retention rate, an intention to treat analysis was not performed. Missing
data were simply removed from the analysis. The minimum detectable change, means,
standard deviations, change scores, and resulting p values for all primary and secondary
outcome measures can be seen in Tables 2 (patient-oriented) and 3 (clinician-oriented).
Figures 2 (patient-oriented) and 3 (clinician-oriented) illustrate the effect sizes and 95% ClI
of the primary and secondary outcome measures.

Patient-Oriented Outcomes

Upon completion of the 2 weeks of STARS interventions, plantar massage and calf
stretching demonstrated the largest improvements in the FAAM ADL with statistically
significant change scores compared to the control group that exceeded the MDC (see table
2). These changes resulted in large effect sizes with 95% confidence intervals that did not
cross zero (see figure 2). The change within the joint mobilization did not reach statistical
significance, nor did it exceed the MDC. At the one month follow-up, all 3 STARS groups
demonstrated statistically significant changes compared to the control group which exceeded
the MDC. The largest effect size was found within the calf stretching group with confidence
intervals that did not cross zero.

The FAAM-S revealed a different pattern (see table 2). After 2 weeks of STARS, both joint
mobilizations and plantar massage had statistically significant improvements compared to
the control group that exceeded the MDC with large effect sizes and confidence intervals
that did not cross zero (see figure 2). At the one-month follow-up, only the plantar massage
group demonstrated a statistically significant improvement that exceeded the MDC and
produced a large effect size with confidence intervals that did not cross zero.
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Based on the results of the weekly episodes of giving way, it appeared that both the calf
stretching and plantar massage groups demonstrated statistically significant reductions in the
episodes of giving way reported after 2 weeks of treatment and continued to the 1-month
follow up compared to the control group (see table 2). The joint mobilization group did not
demonstrate a substantial reduction in episodes of giving way after treatment or at the 1-
month follow-up.

Lastly, it is important to note that across the study, none of the STARS groups demonstrated
a statistically significant change in their physical activity status compared to the control
group (see table 2). This indicates that changes in physical activity may not be a factor in the
improvements in self-reported function identified through the FAAM-ADL and FAAM-S
scales.

Clinician-Oriented Outcomes

The findings from the WBLT revealed that both the calf stretching group and the joint
mobilization groups demonstrated significant improvements in dorsiflexion range of motion
compared to the control group which also exceeded the MDC after both the initial treatment
and the 2-weeks of treatment (See table 3). The largest change was found within the joint
mobilization group after both the initial treatment and after all 6 treatments. The joint
mobilization group also demonstrated the largest effect size with a confidence interval that
did not cross zero (see figure 3).

The SLBT findings revealed that after the initial STARS treatment, all groups demonstrated
statistically significant improvements with large effect sizes and confidence intervals that did
not cross zero. However, only the plantar massage group had an improvement which
exceeded the MDC (see table 3). After the initial STARS treatment, this group had a
reduction in the number of errors committed on the SLBT by at least 1. This pattern
continued after the full 2-weeks of treatment. Only the plantar massage group demonstrated
a statistically significant improved in the SLBT that exceeded the MDC (see table 3) and
produced the largest effect size (see figure 3).

Discussion

The main findings suggest that, indeed, each STARS does provide unique sets of
contributions to CAl-associated impairments. For example, dorsiflexion restrictions are a
common clinical impairment in CAl (33) and improving the available range of motion, a
structural adaptation to repetitive injury, can have implications for enhancing functional
movement patterns. (15) Joint mobilizations resulted in an immediately more meaningful
treatment effect compared to the stretching group with confidence intervals that did not cross
zero (Figure 3). After two-weeks of treatment, the joint mobilization group continued to see
improvements, whereas by contrast, the stretching group had no greater change beyond the
immediate effect. However, the magnitude of the effect at the 2 week mark was similar for
both stretching and joint mobilizations with confidence intervals that did not cross zero.
These findings suggest that targeting potential arthrokinematic restrictions of posterior talar
glide results in comparatively greater improvement in range of motion initially and supports
the hypothesis that ankle sprains may cause positional faults of the talus and fibula. (20, 41)
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As well, based on the changes reported, the joint mobilization group had a two-fold increase
in dorsiflexion improvement at 2 weeks, but the variability of this improvement also
increased. This suggests that 2 weeks of either STARS may be effective in enhancing
dorsiflexion.

These dorsiflexion improvements found in the joint mobilization group follow those found
in previous studies. For example, Hoch et al. (15) found similar improvements after two
weeks of combined ankle joint traction and mobilization and that these changes persisted
one week after the final treatment. Using a mobilization with movement technique, Cruz-
Diaz et al. (4) observed a 7 mm improvement in dorsiflexion range of motion after 6
treatment sessions that remained at the six month follow-up. Interestingly, the magnitude of
mean change we found on the WBLT was three times that of the mobilization with
movement study (4) suggesting that future research is needed to determine the comparative
effectiveness of joint mobilization techniques.

Single limb balance improved as a result of targeting the sensory pathways via the STARS
treatments. Only the plantar massage group demonstrated substantial improvements in single
limb balance based on all 3 comparison criteria — statistically significant improvement
beyond the MDC that resulted in a large effect size with confidence intervals that did not
cross zero. The plantar cutaneous receptors have been shown to play a large role in the
maintenance of postural control (23, 31) and it has been proposed that those with CAl may
place heavier reliance on these receptors in the absence of relevant information from the
ankle. (23, 26) As well, those with CAIl have also demonstrated increased sensory detection
thresholds on the plantar surface of the foot compared to healthy subjects indicating that
CAl individuals process this information differently. (18) Targeting the ankle (joint
mobilization) or calf receptors (stretching) resulted in immediate improvement in single
limb balance, but not to the extent of plantar massage. These balance improvements are
consistent with the findings from LeClaire and Wikstrom (23) who found that plantar
massage, but not calf massage significantly improved single limb postural control in patients
with CAl.

Self-reported function improved as measured by the FAAM-ADL and FAAM-S scales.
Within ADLSs, the plantar massage and stretching groups demonstrated the largest effects
with confidence intervals that did not cross zero at both the 2-week and 1-month follow-up
evaluations. The changes on the ADL scale for the joint mobilization group failed to exceed
the MDC or the established MCID (8%) (24) and had confidence intervals that crossed zero.
However this group reported the largest change on the FAAM-S scale that exceeded both the
MDC and MCID (9%) (24) critical values after 2 weeks of treatment with a large treatment
effect compared to the control group with confidence intervals that did not cross zero. The
changes found follow a logical pattern. After 2 weeks of joint mobilizations, this STARS
group reported enhanced functional ability to run, land, jJump, and perform cutting/lateral
movements. These improvements may be based on the enhanced functional freedom of
restoring dorsiflexion range of motion and are supported by improvements in landing
patterns previously reported in those with CAI after receiving joint mobilization treatments.
(6) Unfortunately, these self-reported function changes were not seen at the one month
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follow-up, which indicates that a larger dose may be needed to retain the benefit or some
form of maintenance may be required to maintain the sport functional gains.

The plantar massage and stretching groups demonstrated substantial improvements in the
ADL compared to the control group with changes that exceeded both the MDC and MCID
over the course of the one month follow up. However, only the plantar massage group
continued to demonstrate improvements on the FAAM-S scale over the course of the one
month follow up period that exceeded the MDC and MCID and these improvements were
the largest of all STARS.. The absence of functional gains at immediate post treatment
testing and improvements at 1 month suggest that the true effects of stimulating the plantar
receptors mature after treatment rather than degrade like the effect of stretching and joint
mobilization. Given the opposing maturation trends of joint mobilization and plantar
massage, further exploration is needed to determine how these interventions may interact
and complement each other. Another important consideration to be explored in future studies
is that there may be an effective clinical prediction rule for including certain STARS for CAl
patients with specific structural and/or sensorimotor impairments. As well, these treatments
would typically not be used in isolation in the treatment of CAIl. Developing an
understanding of the complementary effects of STARS in a larger CAl rehabilitation
protocol is necessary and the current results provide the foundation on which to develop a
systematic and logical approach to treating CAl that incorporates STARS.

This study is not without limitations. While we employed a randomized design with
concealed allocation across multiple study sites, there was no blinding of the subjects or the
examiners. Therefore, there is the possibility of bias within the internal validity of the
results. In the absence of blinding, we chose to examine the changes within these measures
in multiple ways. Specifically, utilizing the statistical significance, effect sizes with
confidence intervals, and the MDC/MCID values afforded us multiple criteria to base our
interpretation. It is important to note that while self-reported improvements were found,
none of the improvements exceeded the critical values for defining CAL. In the inclusion
criteria, CAl was defined as having a self-reported functional deficit of at least 10% on the
FAAM-ADL and 20% on the FAAM-S scales. While the improvements found in this study
exceeded the critical values associated with measurement error, all subjects would still be
classified as having CAl according to the FAAM scales. This is a very important
consideration in the development of effective rehabilitation programs for those with CAl. As
stated above, these interventions would typically not be used in isolation within a
rehabilitation protocol for patients with CAl, but this study marks a major step in developing
rehabilitation strategies that incorporate the purposeful manipulation of sensory pathways
for functional improvements in those with CAl. These interventions require no equipment,
little time, and can be implemented in any clinical environment regardless of facility space
or budget restrictions. Future research is needed to validate these results with more stringent
control on bias including the blinding of examiners as well as the introduction of sham
treatments that may offer further insight into the effectiveness of STARS.
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Conclusion

This was the first study to examine the comparative effects of 3 manual therapies which
target sensory pathways for the rehabilitation of those with CAL. It is apparent that each
STARS treatment offers unique contributions to the rehabilitation outcomes of those with
CAL. Joint mobilization resulted in the most meaningful improvements in weight-bearing
dorsiflexion whereas plantar massage had the most meaningful effect on single limb
balance. Stretching the triceps surae offers benefit as well, but these benefits may be
maximized potentially in combination with the other STARS. While STARS would not
typically not used in isolation, this study provides initial evidence that the comparative
effectiveness can be used to systematically target sensory pathways that may be
advantageous in the rehabilitation of CAL. Future studies are needed to determine the extent
of benefit of STARS in combination as well as their synergistic effects when combined with
other interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Two two-minute sets of joint
mobilizations in which one-second
ANKLE JOINT Iargf-:‘ amplitude (grade I11)
MOBILIZATION oscillations are perfc_>rmed. Over the

course of the five-minute treatment,
patients receive approximately 60
oscillations.

Five minutes of foot massage that
combines effleurage and petrissage
PLANTAR on the plantar surface of the foot.
Similar to joint mobilizations, use
two two-minute sets of plantar
massage with a one minute rest
between each set.

MASSAGE

Two sets of calf stretching with a

slightly flexed knee to target the

g 3(0d 5 2R\ = soleus. Each set will consist of
STRETCHING three 30-second stretches with 10-

second rests between stretches and

one minute between sets.

Figure 1.
The Sensory-Targeted Ankle Rehabilitation Strategies (STARS) interventions. All subjects

allocated to the treatment groups completed 6 sessions of the randomly assigned STARS
treatments.

Med Sci Sports Exerc. Author manuscript; available in PMC 2017 May 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McKeon and Wikstrom

. Joint Mobilization

A Plantar Massage
. Calf Stretching

Page 14

FAAM ADL Change after 2 weeks of STARS
¥ 3 |

A
. '.*-'-

FAAM ADL Change at 1 month follow up
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Figure 2.

0.0 0.5 1.0 1.5 2.0
STARS Change better than Control

Bias-corrected Hedge’s g estimates of effect size with 95% confidence intervals. All effect
sizes were calculated based on the change in the respective STARS group in comparison to
the change in the control group from baseline to post-test 2 and the 1 month follow up. Point
measures that fall to the right of the zero line indicates that the STARS change was
comparatively larger than the control group change. * indicates that the change also
exceeded the minimum detectable change calculated from the reliability estimates of the
opposite limb change from baseline to post-test 2. t indicates that the change in the STARS
group exceeded the established minimum clinically important difference established for the

outcome measure.
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. Joint Mobilization WBLT Change after 1 STARS treatment
A Plantar Massage ; 9o | *
. Calf Stretching : A

_ = .

WBLT Change after 2 weeks of STARS treatments

° o

A

. '. X
SBLT Change after 1 STARS treatment

®
A = *
=

SBLT Change after 2 weeks of STARS treatments

A T
|
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
Control Better STARS Change better than Control

Figure 3.
Bias-corrected Hedge’s g estimates of effect size with 95% confidence intervals. All effect

sizes were calculated based on the change in the respective STARS group in comparison to
the change in the control group from baseline to post-test 1 and post-test 2. Point measures
that fall to the right of the zero line indicates that the STARS change was comparatively
larger than the control group change. * indicates that the change also exceeded the minimum
detectable change calculated from the reliability estimates of the opposite limb change from
baseline to post-test 2.
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