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ABSTRACT

The aim of this study was to determine effectsood stabilization training in postural control olukjects with
chronic ankle instability. Thirty three male stuttewere enrolled. Samples of this study composedtgécts with
(n=22) and without (n=11) chronic ankle instabilityoups and also from samples with instability Etsons select
as a control group. Core stabilization training wasrformed for eight weeks by study groups. Staursion
balance test (SEBT) used for evaluation of subjectfural control. For statistical analysis the Reped Measure
ANOVA and POSTHOC bonfferoni tests were use®.(). The results revealed that core stabilizati@ining
make increase in postural control in healthy andociic ankle instability subjects. Because the inatr role of
core stabilizer muscles in control of extremitiéstal parts, it's proposed that for rehabilitatiasf ankle sprain we
should implement preventive exercise for body tatedtic chain.
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INTRODUCTION

Ankle sprain is one of the most common injuries agiathletic participations [1, 2]. The most common
predisposing factor in experiencing an ankle spigia previous history of ankle sprain [3, 4]. lksvhypothesized
that when an injury to the ankle occurs, differatidin of the afferent nerves may result which cazddtribute to
chronic ankle instability (CAl) [3, 4].

The main deficits associated with CAl include digfidn proprioception, neuromuscular control, sgtenand
postural control [3, 4]. Subjects with CAI commordlgowing impaired postural control and Functiongfiats in

postural control [4, 5]. Postural control deficise most probably derived by a combination of imgzhi
neuromuscular control and proprioception [5]. Salkstudies have been carried out on CAl and pdstorarol and
most of them have examined the influence of footimeics on proximal structures Because of the diabain
nature of athletic activities, researchers are wiitg their focus on both distal and proximal jointechanics [6-9].
The effects of foot mechanics on proximal structuage been studied extensively [6-9]. However ttiriénce of
proximal stability on lower stability structure amdithology remains largely unclear. Kibler [10] gests that
stabilization of trunk and pelvis is required fof movements of the extremities. Hodges and Rickamd 11, 12]
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identified trunk muscle activities before the aityivof the lower extremities. In fact, they assuntledt stiffening of
spine is essential to provide foundation for fumrcél movements.

Numerous studies support the theory that CAl subjacse proximal muscles to compensate their distal
neuromuscular deficits [4, 5, 7, 11]. Activation i€eps femoris, gluteus maximus and gluteus meldive been
reported to be altered in CAl subjects comparedeiathy subjects [2, 9-12]. Although all these sadupport the
idea that proximal muscle contraction patternsaiered in CAl, these studies are not consistedttarir other
results have complexity.

Core stabilization training is thought to improvaldnce, postural control, and reduce the risk ofeloextremity
injuries [13]. This theory is supported by the fttat subjects with a history of lower extremityuines required
greater trunk muscle recruitment to stabilize thdybduring dynamic tasks compared to healthy sabjdS].

Different tasks have been used to evaluate théoethip between CAIl and proximal muscles [14-Bfme of the
tasks used were a prone leg extension, singledemibation, maximal voluntary contraction, andgsnleg drop
on forceplate platform [14-17]. Mckoen and HertE8] recommended SEBT as a more dynamic posturdtalo
task and promised this task will detect functigmedformance deficits associated with rehabilitatio €Al subjects.
Due to the complexity of the above-mentioned filgdinhe purpose of current study is to examine tteets of 8-
week core stabilization trainings on subjects waitld without CAI. Furthermore, we chose to use SEB&valuate
postural control. We hypothesized that 8-week stabilization training has positive effects on poat control and
we think that training the proximal muscles to #mkle may improve postural control.

MATERIALS AND METHODS

This study was a randomized controlled trial in ethindividuals with self-reported CAl were randoralysigned to
control and CAI groups. The CAI and healthy groupslerwent 24 supervised core stabilization trgrsassions
during 8-wek period. The control group maintainbé same level of activity before study enrollment the
duration of 8 wk. measures of dynamic postural m@dnvere taken before and after 8-wk interventiorhealthy,
CAl and control groups.

Thirty-three male students including 22 CAIl subgeftteight 172+8 cm, weight 72.6+£11.32 kg and agé226yr)
with self-reported CAIl and 11 healthy (height 1784«im, weight 76.6+£11.32 kg and age 21.7+2.8yr) Sigjects
were free of any self-reported lower extremity igjin the previous 6 months. Subjects in the CAlugr were free
from injury to the lower extremity other than thekke in the previous 6 months; had a history ofeast 1 acute
ankle sprain that resulted in swelling, pain, agdporary loss of function (but none in the previ8usonths); and
a history of multiple episode of the ankle "giviwgy" in the past 6 months.

Once informed consent was obtained, Subjects waceg into 3 groups: healthy, CAI and control teath group
consists of 11 subjects. The SEBT has demonsthaggdintersession reliability and had been showbea valid in
detecting deficits associated with CAl Subjectsemgositioned and aligned with a tape measure sec¢arie floor
in accordance with Hertel [19]. Subjects maintaimesingle-limb stance while reaching as far asiptsslong a
cloth tape measure secured to the floor in thevagleline of direction with their opposite limb, dea light touch
on the line, and returned to the starting positi®]. The reach distances of three trials of theh&, PM, and the PL
directions were recorded for each limb [19]. Thdsections have been shown to assess unique asygetysamic
postural control. A trial was discarded and repeatea subject placed excessive weight on the riegchmb,
removed the stance foot from the starting positimnjost balance [19]. Reach distance was norndlipethe
subject’s leg length in accordance with previoussgablished methods [19]. The mean of three tfiaseach
direction was used for analysis. Subjects in CAd healthy groups participated in 24 supervisediingi sessions,
three sessions per week. Each session lasted a@ouin. the progressive core stabilization trainives designed
to strengthen core muscles. The procedures foctsetee stability exercises included five typesegércise (i.e.
semi sit-ups, sit-ups with rotation, lateral bridgeone bridge, and four levels of lower body sgtbnexercises)
which are presented in table 1.

These trainings include Side-Bridge, Prone-BridGerl-up, Squat with Swiss Ball and Seated MedicBal
Rotation. Subjects performed all these exercissst th first week and each week Side Bridge 2sétesth side 10
second and prone bridge 10 second all these eggrerformed at the first week
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Statistical analysis

Subjects’ distribution in groups was normal accegdio Kolmogorov-Smirnov test. Descriptive statistirepeated
measure analysis of variance, and one-way ANOVAewagplied to examine and compare the effects of cor
stabilization training on dynamic postural contoblsubjects at the P level of 0.05. One-way ANOVAswised on
each varying levels of within-subjects factor; forther analysis repeated-measure ANOVA used tanin@
changes in each group over the Y balance testhifwgroup) at the P level of 0.05.

Table 1: The profile of select core stability exelises

First Week Repetition Fifth Week Repetition
Lower Abdominal Series . - Lower Abdominal Series . "
_ Level One 2 sets with 10 repetitions| — Level Four 2 sets with 10 repetitions
Semi sit-ups 2 sets with 10 repetitions|  Semi sit-ups 2 sets @@xinepetitions
. 2 series with 10 . . . "
Lateral Bridge repetition: Lateral Bridge 2 series with 20 repetitions
Sit-Ups with Rotation 2 sets with 10 repetitions|  Sit-Ups with Rotation se?s with 20 repetitions
Prone Bridge 3 sets with 20 repetitions
Second Week Repetition Sixth Week Repetition
Lower Abdominal Series 3 sets with 10 repetitions Lower Abdominal Series 3 sets with 10 repetitions
—Level One — Level Fou
Semi Sit-Ups 3 sets with 10 repetitions|  Semi sit-ups 3 sets @Mxhepetitions
Lateral Bridge 3 sets with 10 repetitions|  Lateral Bridge 3 seth\®D repetitions
Sit-Ups with Rotation 3 sets with 10 repetitions|  Sit-Ups with Rotation seds with 20 repetitions
Prone Bridge 2 15-second series
Third Week Repetition Seventh Week Repetition
Lower Abdominal Series . - Lower Abdominal Series . "
_ Level Two 2 sets with 10 repetitions| — Level Five 2 sets with 10 repetitions
Semi Sit-Ups 2 sets with 15 repetitions|  Semi sit-ups 2 sets @fhepetitions
Lateral Bridge 2 sets with 15 repetitions|  Lateral Bridge 2 seth &b repetitions
Sit-Ups with Rotation 2 sets with 15 repetitions|  Sit-Ups with Rotation se?s with 25 repetitions
Prone Bridge 3 15-second sets
Fourth Week Repetition Eights Week Repetition
Lower Abdominal Series 3 sets with 10 repetitions Lower Ab.d ominal Series 3 sets with 10 repetitions
— Level Two — Level Five
A 3 series with 15 o . . i,
Semi Sit-Ups repetitions Semi sit-ups 3 series with 25 repetitions
. 3 series with 15 . . . "
Lateral Bridge repetitions Lateral Bridge 3 series with 25 repetitions
. . . 3 series with 15 . . . . ) i
Sit-Ups with Rotation repetitions Sit-Ups with Rotation 3 series with 25 repetitions
Prone Bridge 2 10-second series Prone Bridge 4 15-second series
RESULTS

Repeated-measure ANOVA results on Y balance tesweth significant interaction between time (fivets¢sand
groups (two experimental groups), (F,= 70.65, p< 0.05). Furthermore, the main effect of timg (k= 92.95, <
0.05) was significant. Average changes in thisdesing different times shown in Figure 1.

Figure 1: Average for Y balance test changes of tee groups

3928
Scholars Research Library



Siavash Dastmanesiat al Annals of Biological Research, 2012, 3 (8):3926-3930

88 -~
-
86
p
rd
o 84 [
=3 v
§ 82 7
Z s0 |
= e
3 78 e
= e
74 -~
72 -~
A PL PM
M pre /761 /8.7/3 /9.13
H post 86.6 85.53 84.02

DISCUSSION AND CONCLUSION

The purpose of this study was to determine thectffef core stabilization training on postural eohin CAI
participants measured by Y balance test. After @kseraining, the results showed significant inseemn mean
reach distance of control and CAI groups in alediions. The change in the mean reach distanceatiny and
CAl participants verified the effects of strengtimencore stabilizer muscles on postural control pRedicted before
and in line with previous research, the CAIl paptiits have lower postural control in comparisotht® healthy
participants.

King [20] defines the “core” as a cylinder thatexds inferiorly from the superior rib cage to théerior aspect of
the pelvis. Others include the spine, pelvis, pra lower extremity, and abdominal structures agdgof the core.
Akuthota and Nadler [21] defined the superior gortof the core as the diaphragm, pelvic girdleriofty, the
abdominal muscles anteriorly, and the paraspingighueal muscles posteriorly.

Kibler [10] states that strengthening deeper musstiave further effects on stabilization in trunigiom. The

abdominal muscles consist of the transverse abd@mninternal and external obliques and rectus abuos{10].

Contracting the transverse abdominus increases-ahtdominal pressure and tensions the thoracolufabaia [10].

The transverse abdominus have been shown to heatiit stabilization of the lumbar spine [10]. Adodinal

muscle contractions help create a rigid cylindehaacing the stiffness of the lumbar spine [21]ctRg abdominus
and oblique abdominals are activated in directipeetfic patterns with respect to limb movementsistproviding

postural support before limb movements. Some rebearclaimed that core stabilization training megutt in

better patterns of activation for trunk muscles,[22]. In addition, spine stability and the impaoita of proper
activation of core muscles have been addressethidrstudy, we found increase in the mean postoatrol in

different directions measured by Y balance testdy mean that core stabilization training madeebetctivation
and greater strength in trunk muscles. Based orKthker's findings, activation of core muscles irtremities

movement pattern caused better postural contral, cone muscle activation can be used to generastional

torques around the spine. In performing Y balamesg, twvhen the participants stay on one leg andtrss leg for
reach for keeping balance, activation of rectusbatidus and oblique muscles should be done beforement. In

addition, the activation of multi fidus and transse abdominus by supporting the spine assisteditolgplance in
performing lower extremities movement.

Marshal and Murphy [23] showed that core stabilgrattraining resulted in upper level activation mes of
lumbo-pelvic region in performing functional acties.

Rehabilitation of sport injuries through the yeehsnged from traditional method to the neuromusdrdéning that
consisted of proprioceptive and balance trainirgafthieving functional movement in kinetic chaiacgon.

Freeman [24-26] hypothesized that an injury to #m&le may result in deafferentiation of the afféraeerrves
contributing to CAI. Other researchers have obsgrdecreased proprioception, joint position sehsé¢ance,
postural control strength, and increased peronesktha latency coordination, in CAl subjects [3-9].

Joint dynamic restraints results from feedforward geedback neuromotor controls over the skeletaaies across
the joint [10, 11]. Feedforward controls are prepanry actions occurring before the sensory inforomeis detected,
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while feedback controls are a corrective responggich adjusts to coordinate muscle activity aftensory
information is detected [12]. Movement in ankleules in higher awareness of CNS somatosensory,then
message will send to muscles around the anklerespmnse to the movement, while the response froximal to
distal refers to the strengthening of the proximakcles assisting the prevention or the cure in. CAl

Final conclusion

Based on the results of this study, 8 weeks cakileation training changed postural control inIG&d healthy
subjects. Core stabilization training with increasefeedforward mechanism made progress in neurouhais
function and kinetic chain movement in lower extitgrrOur results revealed that CAl participants tesedforward
and feedback in keeping postural control. This wtuerified the importance of proximal muscles tmagfor the
prevention and decreasing the incidence of CAl.s€hmiggest that abdominal training may improvearauscular
function down the lower kinetic chain by potentyainhancing the capabilities of feedforward mecbrmasi The
results were consistent with the hypothesis thatl €dbjects used feedforward and feedback mechantsms
maintain postural control. This study demonstratedlimportance of training muscles proximal to #méle in an
attempt to prevent and reduce CAl. Not only atblétainer and Clinicians must train the foot amavér leg
musculature following an ankle sprain, but theyudti@lso consider training the entire kinetic chain
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