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Abstract

Background: Chronic ankle instability (CAl) is a common condition following an ankle sprain. This study investigated the
effects of whole body vibration (WBV) and shoe with an unstable surface training on balance, functional performance,
strength, joint position sense in people with CAl.

Method: Thirty- four peoples with unilateral CAl were randomly assigned to three groups: WBV group, WBV with shoe with
an unstable surface (WBV-S), and no treatment control group (CON). The WBV group received 4 weeks progressive WBY
training and the WBV-S group received progressive WBV training with shoe with an unstable surface. Modified star excursion
balance test (MSEBT)reach distance, Hop-Test, muscle strength, and joint position sense were measured at baseline and after
the 4 weeks; Moreover, the mSEBT and Hop-Test were reassessed again 2 weeks post intervention.

Results: The result showed a significant group-by-time interaction for anterior and posterolateral directions of mSEBT. The
reach distance of these directions at post-intervention and follow-up increased significantly compare to pre-intervention in
the WBV and WBV-S groups but not significantly change in the CON group. The Hop test in the WBV-S group was
significantly more at post-intervention and follow-up compared to pre-intervention. However, no significant changes were
observed in WBV and CON groups. No significant changes were observed for mSEBT posteromedial direction, muscles
strength, and joint position sense errors.

Conclusion: The 4 weeks WBV and WBV-S interventions could improve balance in peoples with CAIl Improvement in Hop
test was only observed in the WBV-S group suggesting the added value of combining WBV and shoe with an unstable
surface as an effective therapy compared to WBV training alone. The use of WBV and WBV-S were not associated with
significant changes in strength and joint position sense variables over a four-week period.

Trial registration: This work registered in the Iranian Registry of Clinical Trials (IRCT20151118025105N4).
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Introduction

Ankle sprains remain a significant injury in both athletes
and non-athletes groups, and 32 to 74% of injured
people will eventually develop chronic ankle instability
(CAI) [1]. According to the International Ankle Consor-
tium, the CAI “has been defined in a variety of ways, but
is most predominantly described as an encompassing
term used to classify a subject with both mechanical and
functional instability of the ankle joint” [2]. The people
with CAI usually experience a range of neuromuscular
deficits such as reduced muscle strength [3], impaired
proprioception [3], and balance [4] control leading to
significant functional limitations [5]. These factors also
make people with the CAI more susceptible to reinjury
which significantly impacts people’s quality of life in the
long-term [3, 6, 7].

Balance training such training on unstable surface is
used and emphasized as one of the most effective inter-
ventions in various stages of CAI rehabilitation [8, 9].
This training increases muscle co-contraction, stiffness,
joint stability, balance [10], and improving mechanore-
ceptors. Various devices are used for balance training ex-
ercises such as balance boards [11] foam rollers,
trampolines [8], unstable surface [12, 13], and whole
body vibration (WBYV).

The use of WBV has gained popularity for a number
of years [14]. The WBV is a neuromuscular training that
transmission of mechanical oscillations from a vibrating
platform lead to activating the primary endings of the
muscle spindles, joint mechanoreceptor, the excitability
of alpha and gamma motor neurons, brain activity, and
strength [13, 15, 16]. These physiological changes could
lead to more effective proprioceptive feedback, thereby
improving balance ability and the active protection
mechanism of the ankle joint [17].The peoples with CAI
have neuromuscular and proprioceptive deficits [18]. Be-
cause of the strong sensory stimulus and activation of
the alpha-motor neurons, WBV training may also en-
hance strength [19] proprioception [20], and balance in
ankle instability [21].

Unstable shoes have the potential to be used as a un-
stable surface to improve neuromuscular system problems
[22]. Unstable shoes have a soft and rounded sole that
provides an unstable base in the anterior-posterior and
medial-lateral directions [23]. Some studies have indicated
that unstable shoes improve balance in long-term use
[23], increase the electromyography of the ankle muscles
[24], increase the sensory feedback [25], and reduce the
joints pain [26]. Unstable shoes can affect the biomechan-
ics of the lower extremity, so they can challenge the stabil-
ity of the body and involve the ankle and hip muscles to
maintain mediolateral stability [27].

Considering the positive effects of WBV, unstable
shoes, and unstable surfaces on neuromuscular factors,

(2021) 13:28 Page 2 of 11

some researchers have already tried to combine both in-
terventions and investigate the combined effects of these
two modalities [13, 15, 28].

According to previous findings, it is of interest to evalu-
ate the combined use of WBYV and unstable surfaces as a
means to improve balance and its components [15, 28].
Previously, Sierra et al. showed that training on unstable
surface on the WBV improved the reaction time of the
peroneus brevis, peroneus longus, and Tibialis anterior
muscles in the peoples with CAI [28]. Sierra et al. in an-
other study show that these combinations can improve
static and dynamic balance in the peoples with CAI [13].
Furthermore, Cloak et al. investigated that the combin-
ation of these methods can improve center of mass distri-
bution and the results of some functional balance tests, in
athletes with CAI [15]. These studies showed that the
WBV exercise and training on unstable surface have a
positive effect on balance so when they are combined with
each other, effectiveness of training may increase. Work-
ing with these combinations, however, seems to be chal-
lenging because the training surface can become too
unstable for use in the peoples with CAL

In mentioned studies [13, 15, 28] did not use unstable
shoes and also did not compare effect of such combined
treatment with vibration only. The use of shoes with an
unstable surface may be an alternative to wobble/balance
boards because of their main advantage of being at-
tached to the body, which leads to a lower instability
condition. In addition, the use of such shoes may help to
localize the effect of WBV on the ankle joint and im-
prove the outcome of treatment.

The purpose of the present research was, therefore
combination of WBV and shoe with an unstable surface
(WBV-S) on dynamic balance, functional performance,
muscle strength, and joint position sense in the peoples
with CAL We hypothesized that the combination of
WBV and shoe with an unstable surface is more effective
than WBYV alone to improve the mentioned clinical out-
comes in the people with CAIL

Material and methods

Study design

This randomized control trial was conducted from April
2019 to September 2019. The protocol of this study was
approved by the local ethics committee (IR.SUMS.RE-
HAB.REC.1397.005) in accordance with the Declaration
of Helsinki and registered in the Iranian Registry of Clin-
ical Trials (IRCT20151118025105N4). All individuals
gave written informed consent before participation. The
participants were randomly assigned to one of the fol-
lowing three groups (1:1:1 ratio): WBV-S, WBYV, and
control (CON). The participants were randomized via
the permuted block randomization method with a block
size of nine. Data collection procedures were done at the
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Faculty of Rehabilitation Sciences of Shiraz University of
Medical Sciences.

Participants and setting

Forty-five volunteer peoples with unilateral CAI partici-
pated in this study. The inclusion and exclusion criteria
for peoples with CAI were based on the International
Ankle Consortium Position Statement [2]. The inclusion
criteria were; a history of at least one significant ankle
sprain with the first sprain occurring at least 12 months
before the study, the sprain associate with inflammatory
symptoms (e.g. pain, swelling, etc.) and interrupt desired
physical activities for at least 1 day, participant’s report
of their ankle joint giving way and/or recurrent ankle
sprains (at least two episodes 6 months before the
study), feeling of instability confirmed by a Cumberland
Ankle Instability Tool (CAIT) score < 24, and a score of
<90% in the daily activities section and <80% in the
sports activities section of the Foot and Ankle Ability
Measure (FAAM) questionnaire. The participants pro-
vided information with the Persian versions of the CAIT
and FAAM questionnaire [29, 30]. The exclusion criteria
were as follows; a history of previous surgery in the mus-
culoskeletal system in either or both lower limbs, history
of fracture needing realignment in either or both lower
limbs, acute injury to other lower limb joints which
interrupted the desired physical activities for at least 1
day, potential contraindication of WBV usage (e.g. kid-
ney stone, acute disc herniation, etc.), and other diseases
due to balance problem (e.g. peripheral neuropathy, MS,
Parkinson, Migraine, Radiculopathy, middle ear disease).

Interventions

WBYV group

All participants in this group received the vertical type
WBV machine (Fitvibexcel pro, uniphy, Elektromedi-
zinGmbH & Co. KG— Germany) training for 12 sessions.
All training sessions where held from 12.00 a.m. to 4.00
p.m. once a day, 3 times a week, for 4 weeks. The pro-
gressive program consisted of increasing duration and
frequency of vibration [31]. The amplitude was 3 mm
and the frequency of the WBYV increased from 30 Hz to
40 Hz and duration increased from 35s to 60s. Each
session contained three sets and the rest between each
bout of training was 45s. The participants performed
the protocol training while standing on both feet. To
localize the vibration on the ankle and reduce the vibra-
tion transmission to the trunk, the participants were
asked to stand on the platform in a semi-squat position
(30° of knee flexion) and weight was posed on the fore-
foot [31, 32]. To standardized knee flexion degree be-
tween the sessions the physical therapist who supervised
the intervention sessions asked the participants to bend
their knees as if they were going to sit down and their
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knees did not go over their toes. It was possible for the
participants to stop the WBV machine by pressing the
emergency stop switch. Moreover, to prevent probable
falling, the physical therapist stood at the back of the
WBV machine during the training session.

WBV-S group

The participants in this group received WBV with the
same parameter and duration as the first group while
they wore the shoe with an unstable surface. The de-
tachable rocker of the shoe was made of ethylene-vinyl
acetate of 15mm thickness with standard hardness
(shore-A 30-40). It was designed for each participant
based on his/her shoe size. This rocker has anterior-
posterior and medial-lateral curvatures and covers 60%
of shoe length. The apex of the rocker was at the mid-
point of the shoe so that it formed a semispherical with
100-degrees curvature (Fig. 1).

CON group
The CON group received no intervention between the
initial and final assessments. All participants in this
group received 10 sessions of routine physiotherapy as
appropriate for their conditions after following up
assessment.

All interventions were carried out by an expert phys-
ical therapist.

Outcome measures

Our primary outcome was the dynamic balance assessed
using the modified Star Excursion Balance Test
(mSEBT) [33]. The secondary outcomes included func-
tional performance, muscle strength, and joint position

Fig. 1 Shoe with an unstable surface
- J
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sense. To assess the functional performance we used the
single-leg hop for distance test (Hop-Test) [34]. The
muscle strength and joint position sense were assessed
by using an isokinetic dynamometer’(Biodex System 4
pro, Biodex Medical System Inc., Shirley, New York)
[35]. All outcomes were measured at baseline and after 4
weeks (post-intervention). Moreover, the mSEBT and
Hop-Test were reassessed again 2 weeks post interven-
tion. All participants performed 10-min cycling for
warming up and cooling down, consisting of mild pedal-
ling on an ergometric bicycle and ballistic [36]. All as-
sessment procedures were done under the same
conditions. The order of the test was as follows: 1)
mSEBT, 2) Hop-Test, 3) muscle strength, and 4) joint
position sense. The rest period was considered 5 mi-
nutes between various tests.

mSEBT

The mSEBT is a modified and simplified version of the
SEBT that uses three directions (anterior, posteromedial,
and posterolateral). The test is reliable [37] and the most
effective measurement instrument to assess dynamic bal-
ance in the peoples with CAI [33]. The angle between
the anterior axis and the other two posteromedial and
posterolateral axes is 135 degrees. The posteromedial
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and posterolateral axes make an angle of 90 degrees with
each other. All participants had to stand on their af-
fected leg with their great toe located at the center of
the point where the three axes of the Y met. They were
asked to use their unaffected leg to reach as far as pos-
sible in all three directions. For each direction, the par-
ticipants performed six practice trials and three test
trials [33]. Two minutes rest time was considered be-
tween each trial. Trials were discarded and repeated if
the stance foot moved or lifted from the floor, the reach
foot failed to return to the starting position or was used
for support, and hands were removed from the hips. The
distance reached was recorded in centimeters and the
average of the three measurements normalized to lower
extremity length for further analysis. The leg length was
measured from the anterior superior iliac spine to the
inferior margin of the medial malleolus.

Hop-test

This Hop-Test is a valid measure of the lower extremity
functional performance [34]. The participants stood on
the affected leg with the great toe on the starting line
and their unaffected leg flexed but not touching the
weight-bearing leg. They were asked to perform three
maximal hops forward while arms swing was allowed.

| Assessed for eligibility (n=107) |

Randomized (n=45)

Excluded (n=62):
- Did not meet inclusion criteria (n=53)
- Other reasons (n=9)

!

!

'

Whole body vibration training
group (n=15)

-Received allocated intervention
(n=12)
-Did not receive allocated
intervention (n=3) due to:
-Dissatisfaction with treatment
-Moved away
-Ankle pain after claiming

‘Whole body vibration with
unstable shoe training group
(n=15)

-Received allocated intervention
(n=12)
-Did not receive allocated
intervention (n=3) due to:
-Could not find time to participate.
-Positive laboratory pregnancy
-Dissatisfaction with treatment

Control group (n=15)

-Participant in evaluation (n=10)
-Did not participant in evaluation
(n=5) due to:

-Moved away

-Father's death

-Could not find time to participate.

-Cosmetic surgery

-Not available

|

Immediate post intervention lost to
follow-up (n=1)

2 weeks after intervention lost to

Lost to follow-up (n=0) |

|

Lost to follow-up (n=0)

follow-up (n=1) (reason above)

N

!

Analysis

1

n=12)

Whole body vibration training group (With single imputation technique

Whole body vibration training with unstable shoe group (n=12)
Control group (n=10)

Fig. 2 Flow diagram showing participant flow and follow-up evaluation
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The test was considered successful if the participant was
able to land in a controlled, stable manner. The partici-
pants performed three practice trials to get familiar with
the test and then performed three test trials. Rest time
was considered 2 minutes between each trial. The test
trial was repeated if the participant could not hop with-
out losing balance and contacting the ground with the
unaffected leg. The distance from the start to the correct
point where the heel struck the ground was recorded in
centimeters. The maximum distance was used for fur-
ther analysis.

Muscle strength and joint position tests

The muscle strength and joint position sense were both
assessed using an isokinetic dynamometer. This meas-
urement tool is reliable and valid [35]. The concentric
and eccentric strength of ankles eversion-inversion
movements were tested at 40 degrees range of motion
(15 degrees eversion to 25 degrees inversion). The par-
ticipants sat on the isokinetic dynamometer chair, while
the involved ankle was placed on the inversion-eversion
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attachment and the backrest at an angle of 70 degrees.
The lower leg was parallel to the floor with an 80-110
degrees flexion position of the knee while the trunk, leg,
and foot were fixed by a strap. The rotation axis of the
dynamometer was level at the subtalar joint. The subta-
lar joint was in a natural position and it was ensured
through palpation of the dome of the talus. The partici-
pants performed three submaximal practical tests. Sixty
seconds was considered for rest and then they per-
formed three maximum trial tests at a speed of 90 de-
grees per second. The participants were encouraged
verbally for maximum effort [36]. The peak torque per
body-weight of the invertor and evertor ankle muscles
strength during concentric and eccentric contraction
was recorded for further analysis.

To assess joint position sense, the participant position
was similar to muscle strength testing. Active and pas-
sive joint position sense was assessed at five and 15 de-
grees inversion. For the passive test, the participants’
foot was moved to maximum eversion passively and
then to five degrees or 15-degree inversion randomly

Table 1 Baseline demographic and clinical characteristics in each group

Variable WBVS (n=12) WBV (n=12) CON (n=10)
Gender (female n) 8 8 5
Age (years) 40.58 (8.76) 35.83 (12.08) 3840 (10.49)
Height (cm) 163.91 (8.53) 164.29 (12.54) 166.20 (9.50)
Weight (kg) 74.88 (11.48) 7161 (13.93) 73.60 (9.10)
Affected limb (right n) 8 7 7
Cumberland ankle instability tool (score) 1041 (5.45) 10.58 (3.44) 9.40 (4.45)
Foot and ankle ability measure (score %)
Sport 6241 (19.85) 70.30 (17.65) 70.78 (20.32)
Activity daily living 5893 (15.20) 60.93 (17.65) 52.60 (20.32)

Modified star excursion balance test (%)
Anterior 59.95 (7.86)

Posterolateral

Posteromedial 90.77 (11.68)
Hop-test (cm) 4749 (19.76)
Peak torque (nm/kg)

Concentric evertor 2341 (7.12)

Eccentric evertor 33.55 (9.08)

Concentric invertor 3207 (732)

Eccentric invertor 31.96 (17.89)
Joint position sense error (degrees)

Active 5° 2.85 (1.46)

Active 15° 454 (2.13)

Passive 5° 3.68 (1.27)

Passive 15° 482 (1.58)

(
6949 (19.12)
(

62.99 (10.02) 60.04 (8.07)
69.54 (17.23) 73.89 (14.87)
4 (13.90) 90.10 (17.53)
4862 (2040) 5349 (33.52)
5(532) 24.75 (17.29)
2888 (9.33) 3345 (1321)
24.66 (10.33) 6 (16.34)
2850 (9.83) 45 (16.35)
353 (1.53) 334 (161)
436 (1.39) 226 (1.13)
365 (1.30) 3.80 (147)
434 (238) 331(228)

Note: Values are means and (Standard Deviation)

Abbreviations: WBV Whole body vibration group, WBVS Whole body vibration with shoe with an unstable surface group, CON Control group, n number
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and held for 10s. The foot was brought to maximum
eversion and moved back passively to inversion at a
speed of four degrees per second. The participant
pushed a stop bottom when she or he reached the
test position. The active test was performed similarly,
except that the participant was asked to move back
the foot to the test position actively and push the
stop bottom when he/she reached the position test.
The participants performed three practical tests and
three test trials for the two test positions. The partici-
pants were blindfolded throughout the examination
[3]. In this study, the mean of absolute error was re-
corded for further analysis. The absolute error is the
difference in absolute value in degrees between the
position chosen by the subject and the test-position
angle. This protocol was similar to previous studies
[3, 38].

Blinding

During the study a physical therapist supervised the inter-
vention sessions and another one who was blinded to
group assignments assessed the outcomes. The allocation
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procedure was concealed from the outcomes assessor by
using sequentially numbered, opaque, sealed, and stapled
envelopes. The person responsible for randomization was
different from the outcome assessor and the therapist.
Statistical analyses were carried out by a statistician
blinded to the participant allocation. The randomization
codes were decoded only after the completion of the data
analysis.

Statistical method

Based on the mSEBT anterior reach distance data of a
similar study [15], and assuming 85% power, a =.05 and
effect size of 1.05, we estimated the sample size as 33
(11 in each group). In anticipation of an overall attrition
rate of 25%, we increased the final sample size to 45 (15
in each group).

All data were analyzed using SPSS software (version
21; SPSS, Inc., Chicago, IL, USA). The normality of vari-
ables was tested using Kolmogorov—Smirnov test ini-
tially and all variables were presented as a normal
distribution. In this study, we used the modified
intention to treat with simple imputation, included all

mSEBT anterior direction (cm)

Pre-intervention Post-intervention Follow-up

Time

0
]
)

Post-intervention

Pre-intervention Follow-up

Time

—8— WBV-S group

group and time

Fig. 3 Interactions between group and time for mSEBT (%) in (a) anterior (b) posterolateral and (c) posteromedial directions and (d) hop test for
distance (cm). Abbreviations: mSEBT, Modified star excursion balance test; WBV, Whole body vibration group; WBV-S, Whole body vibration with
shoe with an unstable surface group; CON, Control group. Note: Values are means and (Standard Deviation). *Significant interaction between

b

*

Pre-intervention Post-intervention Follow-up

Time

76

<

66

Hop test for distance (cm)

46

Post-intervention

Pre-intervention Follow-up

Time

WBV group  ++4@++ CON group
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Table 2 Within-group and between-group effects for variables (posteromedial direction of modified star excursion balance, peak
torque, and Joint position sense error) without significant interaction

Variable Group Pre- Post- Follow-up Within-group Between-group
intervention intervention F P Fa p
Modified star excursion balance test (%)
Posteromedial WBV-S 90.77 (11.68) 96.88 (13.96) 103.79 (15.39) Foe=1942 <0001 1 0.20 0.81
WBV 87.14 (13.90) 97.90 (18.21) 97.58 (14.64)
CON 90.10 (17.53) 96.04 (14.74) 94.91 (13.38)
Peak torque (nm/kg)
Concentric evertor WBV-S 2341 (7.12) 26.26 (8.01) NA Fq31=047 049 261 0.08
WBV 5(5.31) 15.70 (6.12) NA
CON 24.75 (17.29) 22.65 (9.15) NA
Eccentric evertor WBV-S 33.55 (9.08) 32.96 (8.79) NA Fq 31 =003 0.85 0.56 0.57
WBV 28.88 (9.33) 3049 (8.85) NA
CON 3345 (13.21) 33.16 (11.92) NA
Concentric invertor WBV-S 3207 (7.32) 31.75 (9.96) NA Fq31 =002 0.87 1.04 0.36
WBV 24.66 (10.33) 26.70 (10.44) NA
CON 31.69 (16.34) 29.70 (14.65) NA
Eccentric invertor WBV-S 31.96 (7.89) 32.13 (9.65) NA Fqi35 =038 0.53 2.00 0.15
WBV 28.50 (9.83) 24.03 (3.73) NA
CON 3145 (16.35) 32,03 (18.03) NA
Joint position sense error (degrees)
Active 5° WBV-S 2.85 (1.46) 411 (2.15) NA Fq 31 =347 0.06 0.96 0.39
WBV 3.53 (1.53) 1(240) NA
CON 334 (1.61) 322 (1.19) NA
Active 15° WBV-S 454 (2.13) 345 (2.50) NA Fq 31 =108 030 234 0.11
WBV 436 (1.39) 392 (1.81) NA
CON 226 (1.13) 307 (1.31) NA
Passive 5° WBV-S 368 (1.27) 261 (2.08) NA Fi1,31=971 <0001+ 0.13 0.87
WBV 3.65 (1.30) 262 (0.92) NA
CON 3.80 (147) 291 (1.07) NA
Passive 15° WBV-S 482 (1.58) 299 (2.49) NA Fi 31 =429 0.05 0.17 0.84
WBV 434 (2.38) 333 (141) NA
CON 1(2.28) 370 (1.78) NA

Note: Values are means and (Standard Deviation). Significant post hoc difference between: t pre- and post-intervention
Abbreviations: WBV Whole body vibration group, WBV-S Whole body vibration with shoe with an unstable surface group, CON Control group, NA Not applicable

randomized participant who had at least one baseline
measurement [39]. Each outcome measure was ana-
lyzed using repeated-measures ANOVA with 1
between-subject factor (intervention) and 1 within-
subject factor (time). Identification of a significant
interaction between time and group led to further
analysis. In this regard to assess the time effective-
ness within each group separate repeated measure
ANOVA tests were performed. The post hoc tests
used LSD correction to adjust for multiple compari-
sons. The level of significance was set at P-value less
than .05.

Results

Among the 45 participants enrolled in the trial, 34 par-
ticipants completed the study. The CONSORT State-
ment flow diagram is shown in Fig. 2. The demographic
and clinical data of the participants are summarized in
Table 1. There were no differences among the study
groups in demographic and clinical data.

A significant group-by-time interaction was observed
for anterior (F 5 ,, =8.45, P=.002) and posterolateral (F
2, 22 =4.56, P=.02) directions of mSEBT (Fig. 3). Com-
parison of times effects in each group showed a signifi-
cant increase in reach distance of these directions at
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inversion and (h) 15-degree inversion. Abbreviations: JPSE, joint position sense error; WBV, Whole body vibration group; WBV-S, Whole body
vibration with shoe with an unstable surface group; CON, Control group. Note: Values are means and (Standard Deviation)
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post-intervention and follow-up compare to pre-
intervention in the WBV and WBV-S groups but not
significantly change in the CON group (Table 2).
Group-by-time interaction (F 4 ¢ =1.92, P=.10) and
between-group comparison were not significant for
mSEBT posteromedial direction.

The result of repeated measure ANOVA showed a sig-
nificant group-by-time interaction (F 1,5 1384 =10.38,
P =.004) for Hop-Test (Fig. 3). Based on the results of
further analysis, the participants in the WBV-S group
hop significantly more at post-intervention and follow-
up compared to pre-intervention. However, no signifi-
cant changes were observed in WBV and CON groups
at post-intervention and follow-up (Table 2).

No significant group-by-time interactions were ob-
served for muscles strength [i.e. concentric evertors (F ,,
31 = 1.53, P=.23), eccentric evertors (F , 3;=0.61, P=
.76), concentric invertors (F ,, 3; = 1.27, P=.29), eccen-
tric invertors (F ,, 37 =0.67, P=.51)] (Fig. 4). Moreover,
within- and between-group comparisons were not sig-
nificant in any of these variables (Table 3).

Also, the results revealed no significant group-by-time
interactions for passive and active joint position sense
errors in evaluated angles [i.e. active joint position sense
in five degrees inversion (F 5 3; =1.20, P =.310), active
joint position errors in 15 degrees inversion (F 5 3;=
1.61, P =.21), passive joint position errors in five degrees
inversion (F , 3;=0.02, P=.97), passive joint position
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Table 3 Separate repeated measure ANOVA tests for variables (anterior and posterolateral directions of modified star excursion
balance test, and hop-test) with significant interaction to compare time effect in each group

Variable Group Pre-intervention Post-intervention Follow-up F P
Modified star excursion balance test (%)
Anterior WBV-S 59.95 (7.86) 70.61 (11.73) 7135 (13.12) F, 5,=845 0.002 t #
WBV 62.99 (10.02) 7364 (1142) 69.91 (10.53) Fo2»=832 0.002 1+
CON 60.04 (8.07) 59.82 (5.30) 60.91 (3.59) F122,1102=020 0.71
Posterolateral WBV-S 69.49 (19.12) 79.51 (23.89) 81.40 (23.26) Fo =456 0021+
WBV 69.54 (17.23) 86.29 (18.37) 85.77 (1643) F 142 1563=1545 < 0001 1%
CON 73.89 (14.87) 75.81 (20.69) 7532 (17.70) F, 15=0.10 0.9
Hop-test (cm)
WBV-S 4749 (19.76) 69.44 (37.62) 74.75 (40.30) F 125 1384=1038 0.004 t +
WBV 4862 (20.40) 53.19 (19.85) 57.70 (23.39) Fo =152 0.24
CON 5349 (3352) 56.98 (33.52) 60.82 (33.54) Fo =179 0.19

Note: Values are means and (Standard Deviation). Significant post hoc difference between: t pre- and post-intervention; ¥ pre-intervention and follow-up
Abbreviations: WBV Whole body vibration group, WBV-S Whole body vibration with shoe with an unstable surface group, CON Control group

errors in 15 degrees inversion (F 5 31 =2.59, P=.09). In
addition, except of within group comparison of passive
joint position errors in five degrees inversion (F 1, 31 =
9.71, P <0.001), there was no significant difference in be-
tween- and within-group comparisons of joint position
error variables (Table 3).

Discussion

The mSEBT reach distance was considered as the primary
outcome in the current study. The results indicated that
the anterior and posterolateral reach distance of mSEBT
improved in both WBV and WBV-S groups post-
intervention. There was no significant improvement in the
posteromedial reach of mSEBT in all groups. At least 6—
8% changes in normalized scores of SEBT are needed to
feel confident that a real change has occurred [40]. In both
intervention groups, WBV and WBV-S, the improvement
of reach distances in all directions were greater than these
values. This may indicate that both interventions could be
equally effective in the improvement of dynamic balance
in the people with CAIL These results are in line with pre-
vious studies. Sierra et al. indicated that 6-week progres-
sive WBYV training combined with BOSU* Balance Trainer
as unstable surface improved medial, posterolateral, and
composite reach of SEBT after the intervention [13]. Also,
Cloak et al. suggested that a 6 weeks combination of the
an unstable surface with vibration training (vibrosphere)
improved mSEBT, in football player with chronic ankle in-
stability [15].

It is, however, interesting to find that the treatment
gains in dynamic balance were maintained at a 2 weeks
follow up. This is in contrast to the finding of Sierra et al.
that showed the values tended to return to baseline levels
in the medial and posteromedial directions and the com-
posite score of SEBT after a 6-week follow up, in

recreational athletes with CAI [13]. This may be due to
differences in the type of unstable surface of the current
study and its shorter follow-up duration in comparison to
the Sierra study. Although they investigate different popu-
lation, the present result is in line with the findings of
Sobhani et al. who studied the combined effect of WBV-S
on balance measures in older adults. They found mainten-
ance in balance improvement even at one-month post-
intervention in the combined group [41].

Our hypothesis of clinical superiority of WBV-S vs
WBV alone were not supported for dynamic balance
measure, one of the reasons may be insufficient duration
of treatment.

Regarding function, the results showed that the WBV-
S improved Hop-Test distance and this improvement
was maintained at 2 weeks follow-up while no improve-
ment was found by WBV training alone. This finding
was in line with our hypothesis. In similar Cloak et al.
reported improvements in the Hop-Test measure in
people with CAI who trained with an unstable vibrating
surface [15]. Performing the Hop-Test requires an ad-
equate level of strength, neuromuscular coordination,
and joint stability. WBV training could enhance muscle
spindle sensitivity and excitability of the alpha and
gamma motoneurons. These neuromuscular adaptations
lead to the reduced reaction time of the ankle joint
stabilizer muscles and the motor-unit recruitment
thresholds [17].

A previous study showed that wearing an unstable
footwear was associated with greater ankle muscle activ-
ity [42]. The greater muscular activity compensates for
the instability induced by unstable surface. This could
increase demands on the sensorimotor system and may
induce effective training stimuli to improve postural
control [12].
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Also, these information might indicate that adding an un-
stable surface to WBYV training, due to using the propriocep-
tive feedback loop generated by enhanced intramuscular
force and isometric control, could provide more effects [43].

In this study, we did not observe any significant
changes in concentric-eccentric eversion and inversion
peak torque in any group. These results were in line
with those obtained by Sierra et al. [28]. They examined
the effect of combined WBV and unstable surface on the
peak torque, electrical activity, and reaction time of the
ankle muscle in the people with CAI and found no im-
provement in evertor ankle muscles strength. The lack
of improvement in isokinetic strength might be associ-
ated with the issue of mode specificity [44]. Our inter-
ventions were delivered in a closed kinematic chain
format, while the Biodex isokinetic testing procedures
were assessed in an open kinematic chain. It is also likely
that our interventions were not rigorous enough to
cause significant changes in the frontal plane and thus
improve eversion and inversion peak torques.

Our null hypothesis that joint position sense would be
improved with the WBV training program and the WBV-
S would be more effective than WBV training, was
rejected too. The joint position sense was not significantly
different between the groups and no improvement was
found post-intervention and after the follow-up period.
Similarly, Otzel et al. assessed joint position sense after
WBYV training in individuals with CAIL The result shows
no improvement in the joint position sense. In contrast,
Bogaerts et al. assessed joint position sense by sensory
organization test and reported that 12 months WBV im-
proved joint position sense in healthy people. It is difficult
to compare their results with those of the current study
because they used different assessment tools and interven-
tions. The possible reason for the lack of significant joint
position sense improvement is the negative WBV training
effect on mechanoreceptors because of fatigue [45].

Limitations and future work

This study was faced with some limitations. In the present
study we designed detachable rocker to making same con-
dition for two treatment groups, how to connect this rocker
to the shoe may affect the efficacy of unstable surface.

Conclusion

The results of this study suggested that a 4 weeks WBV
and WBV-S interventions could improve dynamic balance
in the people with CAI Improvement in functional per-
formance was only observed in the WBV-S group suggest-
ing the added value of combining WBV and shoe with an
unstable surface as an effective therapy compared to WBV
training alone. The use of WBV and WBV-S were not as-
sociated with significant changes in muscles strength and
joint position sense variables over a 4 weeks period.
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