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Abstract
DANIEL ADELMAN: Acute Effects of Whole Body Vibratin on Dynamic Postural

Control in Subjects with Functional Ankle Instatyili
(Under the direction of Troy Blackburn PhD, ATC)

Ankle sprains are highly common in recreationadi\ee individuals and can lead to
functional ankle instability (FAI), characterizey tepeated ankle sprains and functional
deficits. Whole-body vibration (WBV) is a novel maddy that influences neuromuscular
function, and may be effective for rehabilitationF@\l. However, no study has investigated
the effects of WBV on neuromuscular deficits asatad with FAI. The objective of this
study was to evaluate the acute effects of WBV ymachic postural stability and muscle
activity in individuals with FAIL. We quantified damic postural stability as the time to
stabilization (TTS) and measured preparatory aaditg phase EMG of the gluteus medius,
peroneus longus, rectus femoris, and tibialis @ntenuscles of the involved leg. However,
there were no significant effects of WBV on thessasures. These findings suggest that

acute WBYV exposure may not be an effective metbodehabilitation for FAL.
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CHAPTER |

INTRODUCTION

Ankle injuries are some of the most common injunegecreational and athletic
settings with more than 25,000 ankle sprains oauogidaily in the United States (Mickel et
al., 2006). Ankle sprains account for up to 44%lbfnjuries in the physically active
population, with40-73% of these injuries being recurrent casesdqtnNright, & Ross,

2011; Dizon & Reyes, 2010; Hughes & Rochester, 20B8tween 32-74% of these cases
report chronic symptoms such as pain or weaknesis32-47% report some level of
functional ankle instability (Arnold et al., 2011).

Freeman and colleagues (1965) were the first tmeléfinctional ankle instability
(FAI) as an ankle that displays a tendency of giving fefigwing injury. These instabilities
are caused by anatomic or mechanical instabilitresscular weakness, deficits in joint
proprioception, postural control, and neuromuscadatrol, making it a truly multifaceted
condition resulting in decreased function (Freeni&&5; Freeman, Dean, & Hanham, 1965;
Hertel, 2002). Injury to the ankle also has impiimas for activities of daily living and
overall health (Arnold et al., 2011). Recurrentlardprains are linked to an increased risk of
osteoarthritis and articular degeneration (HarongtLl979; Hertel, 2002). A previous history
of at least one ankle sprain represents the gtgaedisposing factor for a subsequent ankle
sprain (Bahr & Bahr, 1997; Beynnon, Murphy, & Alo2802; Hertel, 2002; McKay, Goldie,
Payne, & Oakes, 2001; Milgrom et al., 1991). Cdllety, the literature indicates that the
rate of ankle injuries remains a significant probl& the athletic setting resulting in

significant time lost due to injury and financiakources invested in prevention and



management of the injury. (Garrick, 1977; Mickeakt 2006; Yeung, Chan, So, & Yuan,
1994).

The neuromuscular deficits associated with FAllsarseen in numerous studies
examining the effect of ankle injury on electromsaqghy (EMG) of lower extremity
musculature. Beckman and colleagues (1995) shovwezd tvere significant decreases in
postural control and hip abductor muscle strendterwmeasured following an ankle sprain.
It is not clear however, if FAI caused the decrddsp musculature activation of FAI
occurred due to this deficit. It was also showrt thdividuals with FAI displayed increased
peroneal reaction time when exposed to a suddesnsion mechanism (Beckman &
Buchanan, 1995; Palmieri-Smith, Hopkins, & BrowA09). Injury to the peroneal muscle
group could cause functional compensations funtipethe kinetic chain, changing gluteus
medius activation patterns. The neuromuscular defssociated with both the proximal and
distal muscles of the kinetic chain make FAI ayrednfounding condition leading to
multiple functional compensations.

Literature is inconsistent on the topic of anklgimg prevention because the forces
and speed involved in acute ankle sprains areteat ¢p be prevented from a mechanical or
neural perspectiveKonradsen, Voigt, & Hojsgaard, 1997). For examfile,human body’s
reflex response is too delayed, internal statipstpsuch as ligaments and muscles are too
weak, and external taping is an ineffective mednm@venting initial ankle injury (Dizon &
Reyes, 2010; Hughes & Rochester, 2008; Refshautigelth, & Raymond, 2000;
Wilkerson, 2002). Following initial injury, neuroracular deficits can predispose individuals
to repetitive injury (Rozzi, Lephart, Sterner, & ligowski, 1999). Mechanical deficits such

as altered ligament laxity, synovial inflammatiamnticular degeneration, muscle activation



impairments, or altered arthrokinematics are comafter injury. Neural deficits such as
decreased proprioception, arthrogenic muscle itbib{AMI), and neuromuscular control
are equally as common following injury and can rfestias decreased postural control
(Hertel, 2002). AMI is characterized by activatideficits of specific muscle groups due to
damaged mechanoreceptors and reflex inhibitiomfotig injury (Palmieri-Smith et al.,
2009). Literature suggests that neuromuscularib@itinat restores both the mechanical and
neural deficits can reduce the rate of ankle inpftgr previous ankle sprains (McGuine &
Keene, 2006).

Because FAIl impairs neuromuscular control, resesugiports a multifaceted
rehabilitation program that incorporates the cént@uromuscular, and mechanical deficits
associated with initial ankle injury (Garn & Newtd®88; Goldie, Evans, & Bach, 1994,
Rozzi et al., 1999). Gribble and colleagues (2G@4dje that static postural control tasks are
often not functionally applicable in assessing neurscular control. Postural control can be
classified as static (stationary) or dynamic wigimamic postural control requiring greater
muscle recruitment, proprioceptive feedback, amerant sensory integration (Gribble,
Hertel, Denegar, & Buckley, 2004).

Dynamic stabilization tasks are an adequate reptasen of neuromuscular control
because they challenging the various neuromussytiems and mimic the unpredictable
physical demands of athletic activity (i.e. jumpdang). Ross and colleagues (2003) describe
the time-to-stabilization (TTS) task requiring thdividual to quickly stabilize on one leg
after jumping from a standardized distance as fat@fe measure of dynamic stability. TTS
represents the time it takes for the vertical gbrgaction forces (GRF) of a single-leg

landing to resemble the GRF of a static singleskagce. Single leg landing tasks are



designed to challenge the postural control systedn@entify unstable landing patterns that
could predispose an individual to recurrent ankjery (Ross, Guskiewicz, & Yu, 2005).
Literature has shown that individuals with FAI despa longer TTS than healthy subjects in
the anterior/posterior (A/P) and medial/lateral Mdirection (Ross et al., 2005). Studies
have also been conducted using an interventioogéoi try and improve TTS in individuals
with FAI. Ross and Guskiewicz (2006) performed doaation training with stochastic
resonance electrical stimulation intervention cv@&-week period in subjects with FAI, and
found improved TTS after only 2 weeks. Therefor€STis an appropriate measure in
evaluating the effectiveness of current rehabibtaprograms in restoring neuromuscular
control and dynamic postural stability.

Whole body vibration (WBV) is a novel exercise miigahat could be used as an
adjunct to dynamic stabilization training in tregfiFAIl. WBV challenges multiple
components of the nervous and musculoskeletalmysitaultaneously due to the enhanced
discharge of type la afferent receptors, muscledips, and golgi tendon organ (GTO)
activity (Rittweger, 2010). WBV has been shownltoieimprovements in muscular
strength, muscular power, flexibility, and balana@jch can aid in the rehabilitation of ankle
injuries (Moezy, Olyaei, Hadian, Razi, & Faghihzad2008; Torvinen et al., 2002a).

In subjects with FAI who display neuromuscular défi, WBV has potential to
reduce these mechanical and neural deficits (MeiKpKler, Faist, Hodapp, & Gollhofer,
2008; Moezy et al., 2008). First, increased musatltangth could improve dynamic
stability of the ankle joint. Secondly, studies gest AMI of the muscles surrounding an
injured joint as the reason for lingering neuronuaicdeficits (Palmieri-Smith et al., 2009).

Improvements in muscle spindle activity, musclefibactivation, and mechanoreceptor



activity from WBV could reduce AMI and neuromusautigficits from injury (Cloak, Nevill,
Clarke, Day, & Wyon, 2010; Rittweger, 2010). Labe sensory stimulation effect of WBV
on muscle and cutaneous receptors improves prapion (Bogaerts, Verschueren,
Delecluse, Claessens, & Boonen, 2007). Improving gtability via enhanced
proprioception and muscular power with WBV has iicggions for improving
neuromuscular control and dynamic postural corfividinyk et al., 2008; Moezy et al.,
2008).

Changes in neuromuscular activation as a resMWBY alters the EMG signal in the
lower extremity muscles, but the results of presistudies are unclear due to the varying
parameters (Abercromby et al., 2007; Erskine, $milleiper, Ball, & Cardinale, 2007,
Melnyk, Schloz, Schmitt, & Gollhofer, 2009; Rittwerg Mutschelknauss, & Felsenberg,
2003; Santilli et al., 2005; Torvinen et al., 20D2scute WBV exposure has been shown to
enhance EMG amplitude due to the increased muptidle response and motor unit
activation similar to any muscle-loading scenatflioryinen et al., 2002a). The exposure time
to WBV could also have potential lasting neuromlesceffects. Cormie and colleagues
(2006) found no significant changes in EMG actiafter WBV exposure, but did find
significant increase in power during a countermogetjump 30 minutes after WBV.
Torvinen and colleagues (2002) also found a sigauifi difference in stability index scores
during static standing 2-minutes after a WBV in&rtion, and a nearly significant difference
in stability index scores 60 minutes post WBYV imgattion.

There is paucity in the literature on WBV and iteets on dynamic postural control,
more specifically, the acute WBV effects on EMGhatt of ankle and hip musculature, and

WBYV use on an injured clinical population. It is@ent that the current standard for treating



FAI could be improved (Rozzi et al., 1999). Therefdurther research is warranted in
examining the use of WBV as an adjunct to tradaldherapy for FAI. The purpose of this
study was to determine the acute effects of WB\dymamic stabilization and lower

extremity EMG in individuals with FAL.

RESEARCH QUESTIONS AND HYPOTHESES:

RQi: Does whole body vibration (WBV) decrease timestabilization (TTS) in
individuals with functional ankle instability (FA?)

Hi: Time-to-stabilization will decrease immediatelyspWBYV, and remain

significantly decreased 30 minutes after internamti

RQ,: Does WBYV increase preparatory EMG of the peronewogus, tibialis anterior,
rectus femoris, and gluteus medius muscles durirfg ifi individuals with FAI?
H,: Preparatory EMG relative to ground contact wdldreater immediately post

WBYV, and remain significantly improved 30 minutéerintervention.

RQs: Does WBYV increase mean EMG amplitude during tfagling phase of the
peroneus longus, tibialis anterior, rectus femans gluteus medius muscles during TTS in
individuals with FAI?

Hs: The mean EMG amplitude during the loading phdssdl anuscles will be greater

immediately post WBV, and remain significantly immped 30 minutes after intervention.



INDEPENDENT VARIABLES
1. Condition
a. Control (No WBV)
b. WBV
2. Time
a. Baseline
b. Immediately Post
. 15 minutes Post
d. 30 minutes Post
DEPENDENT VARIABLES
1. Time-to-Stabilization
2. Electromyographic (EMG) Onset & Mean Amplitude o
a. Peroneus Longus
b. Tibialis Anterior
c. Rectus Femoris
d. Gluteus Medius
ASSUMPTIONS
1. All participants were honest with their levelastkle stability and previous medical
and injury history.

2. All participants gave their maximal effort dugiparticipation



DELIMITATIONS
1. Subjects were a relatively homogenous sampleésts at University of North

Carolina Chapel Hill) of recreationally active ingluals with FAL.

LIMITATIONS

1. Time-to-Stabilization measures may not have kitad functional dynamic
stability requirements.

2. Only measured acute effects of coordinatiomingi with WBV up to 30 minutes,
and could not make generalizations about long-&ffacts.

3. Time allotted for study did not allow longitudinntervention period, only acute
exposure to WBV.

4. Only measured treatment effect on individualhwAl and cannot claim WBV
would have same effects on a healthy populatioh gaals of preventing initial ankle injury.

5. All participants were at different stages in spectrum of FAI. Although FAl is a
chronic condition, some subjects may have beemgapith this syndrome for years, as
opposed to an individual who only recently had b&estaining repeated ankle sprains and
functional deficits.

6. Subjects performed testing barefoot without sheoed socks to ensure internal
validity of the study. Athletic shoes are highlyiadle with differing levels of thickness and
materials, which could create further variabiligtlveen subjects.

7. The distance from the force plate for the TTSsuee was standardized to 70cm.



OPERATIONAL DEFINITIONS

Functional Ankle Instability (FANA multifaceted syndrome of instability comprised

of neuromuscular and mechanical instability thaths in repetitive ankle sprains and
prolonged symptoms of ankle injury including paigakness, and recurrent sensations of
“giving way” (Arnold et al., 2011; Freeman, 1963gEman et al., 1965; Hertel, 2002;
Wikstrom, Fournier, & McKeon, 2010).

Recreationally Activelndividuals who participate in 3 or more daysbisical

activity lasting for greater than 30 minutes a day.

Time-to-Stabilization (TTS)A dynamic stabilization task involving a jump-ting

test requiring the subject to jump to 50% of tmeaximal vertical jump height, and then land
on a single-leg on a force plate. After landing $hbject must stabilize as quickly as possible

in the single leg stance on the affected side (Rbat, 2005).



CHAPTER Il

REVIEW OF THE LITERATURE

INTRODUCTION

The purpose of this literature review was to preveyidence of the most current and
relevant research available on the topic of FAI' &BNV. This review was not meant to copy
direct work from previous authors, but rather tadguthe direction of this study and provide
purpose based on the current gaps in researchugimien analysis of the ankle joint
complex and the multifaceted FAI condition, it isar that a more complete rehabilitation
program is necessary to safely and adequatelyreestwmal function. The goal of
improving neuromuscular control by maximizing a#fier input can potentially be
accomplished through the adjunct of WBV to curmetiabilitation protocols. This literature
review illustrates the need for a more successanlagement strategy of treating FAI, and

one that hopefully can be addressed with WBV.

EPIDEMIOLOGY

The high frequency of ankle injuries is due to enber of intrinsic and extrinsic
factors. The prevalence of injury constitutes aisicant social burden with a large amount
of time and financial resources devoted to thetitneat and management of ankle injuries.
Ankle sprains are among the most common injurigbenathletic and recreational setting
(Garrick, 1977). In the United States, approximag8,000 ankle sprains occur every day
(Mickel et al., 2006). In sports, ankle injuriecaant for 38-45% of all injuries (Fallat,

Grimm, & Saracco, 1998; Garrick, 1977). Inversiokla sprains, are the most common and



are estimated at 1 per 10,000 persons per daywithlion people seeking medical
attention each year (Fallat et al., 1998; Perintal.£1987).

The high prevalence of ankle injuries places a éumh time and financial resources.
Complete rehabilitation has been reported to t&k&Bdays with a cost of $300-$900 per
patient, without considering surgical cases (Penletzal., 1987). It has also been estimated
that the evaluation and treatment of ankle injuni@sy amount to an annual aggregate cost of
approximately 2 billion dollars (Fallat et al., B)9From a time perspective, approximately
6% of people with repeated ankle injuries remamitkd in their occupation and up to 15%
report being limited for 9 months-6.5 years (Arnetdl., 2011; Schaap, Dekeizer, & Matrti,
1989; Verhagen, Dekeizer, & Vandijk, 1995). Therefankle injuries present a significant
risk to health and quality of life. However, itrsasonable to expect that these trends will
remain consistent or increase as more individuadgge in physical activity (Arnold et al.,

2011).

FUNCTIONAL ANATOMY OF THE ANKLE

Ankle injuries, especially to the stabilizationdigents, are the most frequent injuries
in physical activity. This is due primarily to tir@eraction of the bones and ligaments that
provide static anatomical support to the ankletjoin

The ankle joint (aka talocrural) is comprised afrfonain bones including the tibia,
fibula, talus, and calcaneus. Although the othesaldbones are essential in overall
movement and function of the foot, they will notdiscussed in the realm of this study. The
tibia is the 2% longest bone in the body and serves as the primeight bearing bone of the

leg. It lies on the medial side of the leg andimngular shaped in the proximal two thirds but
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rounded in the distal third. The fibula is a lohgnsler bone on the lateral aspect of the leg
and has a minimal weight-bearing role (<10%). Theary purpose of the fibula is muscle
attachment. Distally, the tibia and fibula formyamdesmosis joint, which is a fibrous
articulation. The distal end of the tibia and fddibrm the medial and lateral malleoli
respectively. The fibula extends more distally thf@atibia, which allows more boney
stability on the lateral aspect. The malleoli seaseattachment sites for ligaments of the
ankle. The talus is one of the largest tarsal banesforms the link between the leg and foot.
It has a large weight-bearing component and agteslwith the calcaneus (inferiorly) and
the medial and lateral malleoli. Lastly, the calmasforms the heel bone and is the site of
many ligamentous attachments of the ankle jointyelsas the Achilles tendon (Prentice,
2009).

The ankle joint is also described as an ankle s@rtvhich is formed by the tibia
(superior and medial), fibula (lateral), and thegginferior) called the talocrural joint. There
are several degrees of freedom allowed at the aakiglex because of the mortise shape.
The rearfoot, composed of the subtalar joint, cginsaf the articulation of the talus and
calcaneus and allows for inversion, eversion, prongand supination to occur. The square
shape of the talus also contributes to ankle stypbikcause it is wider anteriorly than
posteriorly. Therefore, in the dorsiflexed posititime ankle is in a close-packed position
because the wider anterior aspect grips the naardgerior portion of the malleoli.
Conversely, the wider portion of the tibia receittes narrower portion of the talus when the
ankle is moved into plantarflexion. This motion reakhe plantarflexed position much less
stable and compromises stability. Normal functibthe ankle and foot depends largely on

the subtalar joint and motion occurring in the feat (Prentice, 2009). The coordination of

12



the plantarflexion/dorsiflexion, inversion/eversi@amd adduction/abduction movements
allow for smooth congruent movement simultaneousBll three planes of motion.

The stabilizing ligaments of the ankle provide &ddial static support to the
articulations of the bones. Connecting the tibid fioula are the tibiofibular ligaments,
which create a strong interosseus membrane inytigesmosis joint. The oblique
arrangements of these fibers allows for diffusihfpeces placed on the leg. The primary
static restraint on the medial side is the triaagshaped deltoid ligament. The deltoid
ligament is comprised of four parts including timeaior tibiotalar, tibionavicular,
tibiocalcaneal, and tibial talar part. The deltibgdhment attaches superiorly on the medial
malleolus and inferiorly on the medial surfaceld talus, the sustentaculum tali of the
calcaneus, and the posterior margin of the navicadae. The deltoid ligament resists
eversion of the ankle and also helps support thgitedinal arch along with the
calcaneonavicular (aka spring) ligament. On therétaspect there are three main static
supports including the anterior talofibular (ATBnsterior talofibular (PTF), and
calcaneofibular (CF) ligaments. The ATF and PTHtlemterior and posterior translation of
the talus respectively and the CF limits calcanaadrsion. Due to the orientation of these
ligaments, there is more range of motion (ROM)wéd in inversion compared to eversion.
The arrangement of the medial and lateral ligarsenttures allows for dorsiflexion and
plantarflexion of the talocrural joint and limitge¥sion and inversion at the subtalar joint.
(Prentice, 2009).

The ankle musculature is innervated anteriorlyh®ysuperficial and deep peroneal
nerves and posteriorly by the tibial nerve. Althbugotion rarely occurs in a single, isolated

plane, the muscles of the ankle do have individietibns (Hertel, 2002). The tibialis
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anterior, extensor digitorum longus, and extensdirdus longus all act to dorsiflex the
ankle. The peroneus longus and brevis act to évernkle with the longus inserting on the
1% ray of the metatarsals and the peroneus brewisting on the base of th& Bnetatarsal.
The gastrocnemius and soleus muscles combinertotfog triceps surae, which inserts on
the calcaneus via the achilles tendon and actitdgrflex the ankle. The tibialis posterior,
flexor digitorum longus, and flexor hallicus longo@ss along the medial aspect of the ankle
and act to invert the ankle (Prentice, 2009). Wimmtracted, the musculotendinous units
generate tension, which leads to dynamic proteafqaints. When considering dynamic
stability, it is more important to consider the rles eccentric action. The peroneus longus
and brevis muscles concentrically create ever&ioheccentrically they control supination
and inversion of the rearfoot and protect agamstral ankle sprains (Hertel, 2002).
Although static and dynamic structures act to a@imtrovement, only dynamic structures can
initiate movement (Hertel, 2002).

Isolated motion rarely occurs within the individi@ihts of due to the complex
approximation of joints and joint angles. The isethmotions include: plantarflexion and
dorsiflexion in the sagittal plane, inversion anersion in the frontal plane, and internal and
external rotation in the transverse plane. Funatiomovement occurs around an oblique axis
due to the orientation of the subtalar and tala@naint. Pronation and supination are the
culminating motions that occur as a result of tltevement allowed at all three joints.
Restricted motion in any of the three joints caadlé& obligatory compensatoin other joints.
Pronation in the open chain condition consistsaséflexion, eversion, and external
rotation, while supination in the open chain is goised of plantarflexion, inversion, and

internal rotation. In the closed chain (i.e. durmgight bearing), pronation consists of

14



plantarflexion, eversion, and external rotationjlevBupination consists of dorsiflexion,
inversion, and internal rotation. Together, thesats also contribute to static stability due to
the bony congruency of the articulating surfades,static ligamentous support, and the

musculotendinous structures that supply dynamialgia(Hertel, 2002).

ETIOLOGY

The unpredictable nature of physical activity leaman inherent risk for injury.

Ankle injuries in particular are increasingly commaue to the complex movement that
occurs at the joints during dynamic activities.iuluals who participate in a wide variety of
tasks that require jumping and landing, cutting;edierating, and changing directions are
particularly vulnerable to these injuries. Bask#th@lleyball, and soccer, are examples of
sports that require aforementioned movements #rastress the ankle to its structural
limitations, and can result in injury.

The mechanism of injury for most lateral ankle gpganay seem simple in nature but
the exact causes are often more complex. Injuryrscevhen the straining force on the
ligaments exceeds the tensile stress of the tigsiertel, 2002). Hertednd colleagues
(2002) suggests that lateral ankle sprains occenvwhe rearfoot undergoes excessive
supination on an externally rotated tibia. Excessnwersion and internal rotation at the
subtalar joint, coupled with external rotation loé ttibia results in strain to the lateral ankle
ligaments. Excessive plantarflexion can also insedae likelihood of injury creating an
open-packed position of the talocrural joint (Her#©02). In a study by McKay and
colleagues (2001) of over 10,000 basketball playbesvarying mechanisms of injury were

ranked from most common to least common. The nmsinton mechanism of ankle injury
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during basketball occurred during landing (45%he&iton another players’ foot or on the
court surface. Other mechanisms included sharg/tuis (30%), collision (10%), and fall
(5%) (McKay et al., 2001).

Wilkerson and colleagues discuss how the taluseikéy structure when examining
ankle pathomechanics (Wilkerson, 2002). The taduke key linking structure between the
leg and the foot, making the subtalar joint thenpof integration for the proximal talocrural
joint and the distal transverse tarsal and latarabmetatarsal joints. In weight bearing, these
joints act as a torque converter, distributing gibteaction forces to the proximal structures.
Rotation at one segment must be coupled by rotati@mother. When the lateral border of
the foot inverts, the transverse tarsal and subjailat lock in full inversion while the tibia
externally rotates (Wilkerson, 2002). The combimatdf these motions, and the force by
which they are produced, puts significant stresthemlATF and CF ligaments in particular,

often pushing them to their anatomical limit, résg in injury.

FUNCTIONAL ANKLE INSTABILITY

Although the acute lateral ankle sprain is congidgarimarily a local event, the
associated dysfunction is often overlooked. Théceable anatomical changes such as
hemorrhage and edema are present but the neurolausicanges are typically less evident
in appearance (Beckman & Buchanan, 1995). As withadher musculoskeletal injury, it is

important to consider the implications of even aoniinjury altering the kinetic chain.
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DEFINITION

The first definition of FAI was proposed by Freenaand colleagues (1965) and was
described as an ankle that displays repeated samsaf “giving way” following initial
injury (Freeman et al., 1965). Specific definitiasfdAl have changed since 1965 but the
basic principle still applies. Konradsen and calezs (1990) added to Freeman'’s definition
by including recurrent ankle sprains and a sensatigoint weakness as contributing to the
definition. (Konradsen & Ravn, 1990). The commantt throughout the classifications of
FAl is some culmination of mechanical instabilitydaarticular deafferentation after injury to
the lateral structures (Gutierrez et al., 2012%tiDguishing whether the injurious episode is
acute or chronic also can lead to varying termiggland definitions. Chronic ankle
instability denotes the occurrence of repeatedsdotilateral ankle instability, resulting in
numerous ankle sprains (Hertel, 2002).

For the purposes of this study, the definition At were broader than Freeman’s
definition in 1965 to include to occurrence of reent joint instability and the sensation of
joint instability due to the neuromuscular defi@ssociated with injury. The neuromuscular
deficits are likely due to the injury to the musmtehdinous and neural receptors. These
deficits can be manifested as impaired balanceicestljoint position sense (JPS), decreased
motor unit activation, decreased nerve conductelnarty, impaired cutaneous sensation,

impaired strength, and decreased ROM (Hertel, 2000)
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PREDISPOSING FACTORS
Previous History of Injury

Literature is in consensus that the greatest grediag factor to ankle sprain is
having a previous history of at least one anklaisp{Bahr & Bahr, 1997; Beynnon et al.,
2002; Hertel, 2002; McKay et al., 2001; Milgromadt 1991). After injury there are
associated mechanical deficiencies, such as ligalaety, and neural deficiencies such as
deafferentation and proprioceptive deficits (Her2800). Proprioceptive deficits include
damage to the mechanoreceptors, which are abumdigeaments and tendons at the ankle
(Michelson & Hutchins, 1995; Takebayashi, Yamash#aaki, & Ishii, 1997). Decreased
sensitivity of these receptors leads to altereat jposition sense (JPS) and decreased control.
Mechanoreceptors are most active at end range ndbmand respond to changes in tension.
They are essential in preventing injury to limitegsive stress and deformation of the tissue
surrounding the joint (Hertel, 2000). However, téesile strength of these receptors is less
than that of connective tissue, and when mechaapters are damaged, the decreased
afferent message compromises the joint receptaitsgty and postural reflex responses,
which predisposes the joint to further injury (Fres et al., 1965). Increased risk of
recurrent injury involves the close interactionsieen the mechanical (both static and
dynamic stabilizers), and neural systems (mechaepters) that maintain ankle stability
following injury. High injury recurrence rate illtrates how ineffective these systems are at
regaining ankle stability following initial injuryCertainly the cause is not due to mechanical

or neural deficits alone, but a combination ofslistems (Fallat et al., 1998; Hertel, 2002).
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Fatigue

There are several other risk factors involved ikl@sprains. Gribble and colleagues
(2004) discuss how fatigue can disrupt the affefesback of the muscle spindle discharge,
which alters joint awareness (Gribble et al., 2004 group of 30 subjects (16 healthy, 14
chronically instable) Goldie and colleagues (20&psured the effects of fatigue on a
dynamic stabilization task known as the Star ExoarBalance Test (SEBT). Through a
series of 5 fatiguing tasks including isokinetikl@fatigue, isokinetic knee fatigue,
isokinetic hip fatigue, lunging tasks, and a conggroup, subjects performed the star
excursion task in the anterior, medial, and postefirection. Results found a significant
difference in maximum reaching distance betweergtbap and side interaction (anterior
p=.026, medial p=.022, posterior p=.013) indicatimg detrimental effect of muscle fatigue
contributing to joint stability (Gribble et al., @8). Altering joint awareness changes the joint

proprioception and kinesthetic properties, whiclympieedispose it to injury.

Extrinsic Factors

In a prospective study of 10,000 basketball playdicKay and colleagues (2001)
found shoe type and a lack of stretching duringnwvap to be other significant predisposing
factors to ankle injury in basketball players. Gelbund that shoes with air cells located in
the heel of the shoe made athletes 4.3 times (pm0te likely to suffer and ankle injury. He
proposed that this was due to the heel counteedsitrg rearfoot stability (McKay et al.,

2001).
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Intrinsic Factors

McKay and colleagues (2001) noted that not stratethe posterior muscles of the
gastrocnemius and achilles increased injury risR Bytimes (p=.03). Tight gastrocnemius
muscle causes increased plantarflexion and supmatiheel strike, making the joint
unstable in the open-packed position (McKay et2flQ1). Other intrinsic factors such as
foot type, muscle strength, and muscle reactioe tiould also be predisposing factors for
initial ankle injury. However, research on thesgde is controversial due to the different
classifications of foot types and parameters tosuesstrength and reaction time (Beynnon

et al., 2002).

Landing Mechanics

Freeman and colleagues (1965) discussed how FAd cesult from delayed reflex
responses to stress on the ankle as a result aig#ata the joint receptors during initial
injury (Freeman et al., 1965). Konradsen and cglliea (1997) however suggested that
dynamic control of the ankle is achieved by feedvBrd mechanisms of the CNS rather than
by feedback mechanisms from the peripheral refl¢iesradsen et al., 1997). Subjects with
FAI show altered movement patterns during landasd$, prior to initial ground contact,
such as increased hip flexion and hip externatimigCathleen N. Brown, Padua, Marshall,
& Guskiewicz, 2011). These differences may ariseobeompensations over time that alter
normal mechanics and make the joint less effic¢mntispersing forces. Caulfield and
colleagues (2004) found changes in timing and ntadaiof peak forces exhibited in
subjects with FAI during jump landings (Caulfield@arrett, 2004). These changes are due

to faulty pre-programming of the ankle joint motiommediately pre- and immediately post-
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impact. The alterations are likely a result of eased stress placed on the static ankle
structures and could result in repeated injury.hilithe first 0-50ms post-impact, peak
lateral force occurred approximately 13ms earhesubjects with FAI. This caused subjects
with FAI to bear 5-15% of their body mass with ieased laterally directed forces, while
control subjects bore the same forces mediallyréhaaind colleagues (1999) discussed how
reflex response would not be possible at this st@égause the monosynaptic reflex latency
of the ankle is 35-40ms, meaning the injuriousdasould occur before the protective reflex
activation (Garrett, Kerr, & Caulfield, 1999). Caeld and colleagues (2004) also discussed
how subjects with FAI displayed a greater vertaahponent of ground reaction force
(GRF). The rapid increase in vertical GRF reflestanability to control the rate of weight
distribution and force absorption capacity of th&la and knee (Caulfield & Garrett, 2004).
The tasks described above are directly relatedeaémands of sport and the importance of

dynamic stability in preventing recurrent ankleunyj.

RESIDUAL SYMPTOMS AND DEFICITS

Residual symptoms following a lateral ankle spedfect 55-72% of patients after 6
weeks to 18 months (Hertel, 2002). Because of thimpged symptoms and functional
deficits following injury, the termisprained ankle syndromehas been developed to
emphasize the point that there is no such thirgsasiple ankle sprain (Fallat et al., 1998;
Hertel, 2002; McKay et al., 2001). There are ddfgrways an ankle injury can manifest as a
long-term, chronic condition. Mechanical ankle @islity is caused by factors that affect the
structural stability of the joint including ligamiglaxity, synovial inflammation, articular

degeneration, or altered arthrokinematics. Chranide instability (CAI) refers to the
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occurrence of repetitive bouts of lateral anklgabdity, resulting in numerous ankle sprains
(Hertel, 2002). FAl is a culmination of these fastthat manifests as specific deficiencies in

proprioception, neuromuscular control, posturaltamnand neuromuscular strength.

Balance

It is well documented that there are significarfiales in balance following lateral
ankle sprains (Garrick, 1977; Goldie et al., 1992htell et al., 1995; Tropp, Ekstrand, &
Gillquist, 1984). These balance deficits are tylbyomeasured with a single leg stance on the
injured limb while examining postural sway. In adanark study by Freeman and colleagues
(1965), 85 subjects with recent ankle sprains umeet testing to detect proprioceptive
deficits following ankle sprains and the effectcobrdination training on ankle instability.
In order to detect proprioceptive deficits, thegdishe Rhomberg test, which required
single-leg standing on the involved and uninvolset® with eyes open and eyes closed.
Although several subjects were excluded from tloppoceptive testing due to pain or
stiffness following injury, they found that 34% siibjects displayed proprioceptive deficits
while performing the single-leg balance task (Fraerat al., 1965). The limitation of this
study, however, is the Rhomberg test is a subje@ssessment of balance and lacks
sensitivity and objectivity (Guskiewicz & Perrind46). More recently, technological
advancements have allowed for more objective measafrbalance and isolation particular
deficits in sensory organization. The use of fgtades, multiaxial tilting platforms, and the
sensory organization tests are examples of morareed and objective measurements of

balance.
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Postural sway is defined as the deviation fromntlean center of pressure (COP) of
the foot (Tropp, Eckstrand, & Gillquist, 1984). Roal sway is objectively measured using a
piezoelectric force plate measuring the magnitudkdirection of the sway in GRF.
Symmetry is the ability to distribute forces evehBtween two feet in an upright stance.
Dynamic stability is the ability to transfer centdrgravity (COG) around a supporting base
(Goldie, Bach, & Evans, 1989; Guskiewicz & Perdf96). Brown and Mynark (2007)
examined the effects of ankle instability on dynastability measured with TTS. The study
found that anterior/posterior TTS values were digaitly different between the non-injured

(0.71s £ 0.09) and injured groups (0.78s = 0.12)@p) (C. N. Brown & Mynark, 2007).

Joint Position Sense (JPS)

Following initial ankle injury, there are reduct®m JPS and the ability to detect
passive ankle motion (Garn & Newton, 1988; Lergekl., 1995). JPS is defined as the
ability to replicate joint movement or positiongpace (Garn & Newton, 1988; Gross, 1987).
Garn and colleagues (1988) found evidence of dshaudl awareness of passive
plantarflexion following repeated ankle sprains @& Newton, 1988). Even without a
previous history of ankle injury, diminished JPSe&n as a predictor of ankle injury due to
the inability to comprehend the joint position agmiately in space (Hertel, 2000). Lentell
and colleagues (1995) found that subjects withalbistankles had demonstrated significant
deficits in passive inversion. Forty-two subjecithvehronic ankle instability were tested for
passive movement sense with a moveable-platform o study found that passive
movement sensation was significantly different lestwthe involved and uninvolved ankle

(mean 4.3involved ankle, mean 3’Rninvolved ankle, p=.01), meaning the injured ankle
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could not detect changes in movement comparecketarnimjured. A diminished awareness of
passive movement may be responsible for the docietielelays in muscle reflex activity
(Lentell et al., 1995). Conversely, Gross (1987 ) istudy of 21 subjects, found that there
was no significant difference in an individual’sldip to judge ankle position regardless of
unilateral ankle injury. However, he did find thptssive motion was significantly better at
detecting position than active motion among subjedto never complained of ankle pain

(Gross, 1987).

Delayed Peroneal Activation

Along with the altered JPS, FAI can cause delagedtion time of the peroneal
muscle group compared to an uninjured subject.pEneneal muscle groups play a crucial
role in dynamic stability of the ankle because theythe first to contract in response to a
sudden ankle inversion mechanism (Konradsen & RE990Q; Konradsen et al., 1997;
Palmieri-Smith et al., 2009). Konradsen and collesy(1997) examined the peroneal
muscles reaction time to a sudden inversion meshaand found that the involuntary reflex
response was too slow to prevent injury to thecshgiamentous structures (Konradsen et al.,
1997). Ten volunteer subjects with mechanical amd&ability were tested in different
standing and walking situations using an inversiap-door model. The trap door was set to
30° degrees in the frontal plane to control the maglgitand onset of the inversion
mechanism. Kondradsen and colleagues (1997) fchatperoneal EMG activity was
detected at 54ms following inversion (Konradsealet1997). Subjects with previous history
of ankle injury have shown significantly slower cgan times in the peroneus longus,

peroneus brevis, and tibialis anterior. KonradsehRaven (1990) found decreased peroneal
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activation in a group of 15 unstable subjects caegbéo 15 stable subjects in a similar
trapdoor study (Konradsen & Ravn, 1990; Konraddeal.£1997). The increased delay of
the peroneal reaction time with FAI, contributeshte continuing neural deficits associated

with FAL.

Altered Hip Musculature

Numerous studies have examined how ankle injuryirhpBcations for altering hip
strength and movement patterns up the kinetic cfig@okman & Buchanan, 1995; Cathleen
N. Brown et al., 2011; Bullocksaxton, 1994; FriLean, Myers, & Caceres, 2006). Brown
and colleagues (2011) examined changes in hip latiesnduring a stop-jump landing task
in 63 subjects with chronic ankle instability. Thalyided subjects into 3 groups: mechanical
instability, FAI, and “copers”, defined as havirgpeated history of ankle sprains without
instability, and found that subjects with distintgtability displayed significantly greater hip
flexion at initial contact, maximum hip flexion,thexternal rotation, and hip flexion
displacement during the landing task. They citedtyaof the lateral ankle as explanation for
altered hip kinematics and altered sagittal plan&on causing increased compensation in
the hip (Cathleen N. Brown et al., 2011).

Bullock-Saxton (1994) stated that the altered sgndeficits associated with injury
may initiate a chain adaptation of reactions, tesyin altered movement patterns. In a
study of 31 subjects (20 previous history ankl@spr she used vibration stimulus of the
ankle to detect EMG changes in the muscle recruitrpatterns for hip extension (biceps
femoris, gluteus maximus, and lumbar erector spirResults found significant delays in

gluteus maximus onset of the injured group comptrede control group. The author stated
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that even though this study could not determinawse and effect relationship, its findings
supported the idea of the reflex chain of everas dlccur following injury (Bullocksaxton,
1994).

Hertel (2000) states that individuals with a presi@nkle sprain will use a hip
strategy for balance rather than an ankle strafBigg.ankle strategy occurs when muscle
contractions first fire at the ankle joint and caastorque moving the body towards the stable
surface. Conversely, the hip strategy occurs whgifiédxion or extension is used to move
towards the stable surface (Hertel, 2000). Browsh @ileagues (2011) discuss how healthy
adults can use an ankle strategy of stabilizatibare/the center of gravity can be supported
within the ankle joint. After injury however, indduals must utilize a more central hip
strategy of stabilization, which explains the iraged hip flexion and external rotation
motion during the stop jump-landing task. Alterimg mechanics during a landing task has
implication for injury else where along the kinetitain including the knee, hip, and back

(Cathleen N. Brown et al., 2011).

Muscular Strength

Research on strength deficits associated withdbggrkle sprains is inconclusive due
to the varying parameters used to assess mustidagth at the ankle. Studies often use
different isokinetic dynamometers at inconsistgmesls, which are typically measured at
slower speeds than functional activities (Herté@. Also, these tests are often performed
in an open kinetic chain position and measure aanicemuscle strength, making them less
applicable to their role in dynamic stability. Koadsen and colleagues (1998) found that

there were significant deficits in evertor strengilsubjects with FAI. This study used
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isometric, open chain force plate testing to meashue evertor strength and found that
eversion strength was 88% of the normal side a¢&kw post injury, and 96% of the
uninjured side 12 weeks post injury (p=.04) (Ko Olesen, & Hansen, 1998). However,
Ryan and colleagues (1994) reported significantkwess in inversion (22.7N) of the injured
ankle but no significant strength deficits in eveng(26.6N) when measured via Cybex I
dynamometer (Ryan, 1994).

The eccentric strength of the peroneals also @ayisnportant role in dynamic
stability. Palmieri-Smith and colleagues (2009kdss how arthrogenic muscle inhibition
(AMI) can inhibit muscle strength and function fmlling ankle injury (Palmieri-Smith et al.,
2009). The study involved testing 42 subjects (B4table, 21 stable) as they walked down a
pathway with bilateral trapdoor capabilities td 8version. The unstable group
demonstrated decreased reflex response of theth|umb, suggesting inhibition of the
peroneal alpha-motorneurons, meaning decreasedmeatons available for recruitment.
The healthy, uninjured population did not displalesto-side differences in reflex response,
which strengthens the argument that peroneal AMtesent following injury (Palmieri-
Smith et al., 2009). Ryan (1994), in a group odbjects, also reported diminished strength
in both the invertor and evertor muscles followingiry (Ryan, 1994). Subjects performed
muscle strength tests with the dynamomter, instalddsts, and balancing tests assessing the
extent of neuromuscular deficits. He found a sigaiit difference in strength of the invertor
muscles between the affected and unaffected askhg a Cybex Il dynamometer. Results
however, found no significant difference in theeatgth of the evertor muscles in the affected
and unaffected side. Ryan (1994) cited that ortfecieand learning effect was a limitation

of his study that could have contributed to theseftess of the values. (Ryan, 1994).
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Although strength deficits in the evertors are urdkbate, the overall presentation of FAI as
a syndrome can manifest as ankle “weakness” (Keerad Ravn, 1990).

The contributing factors of FAI create a cyclingeet that has led to further use of
the termsyndromdo describe ankle sprains. These compoundingraatake FAI a truly
debilitating condition that is difficult to addreaed manage in the effort to return an

individual to normal function.

WHOLE BODY VIBRATION
HISTORY

A recent exercise modality that has increased pufaoity is whole body vibration
(WBV) units. Sanders (1936) and Whedon and colleadi949) studied vibration training
using an oscillating bed as means to counteradimarscular and musculoskeletal
deconditioning. Nazarov and Spirak (1985) werefitise to apply vibration training to the
athletic setting as an exercise modality in 198&z@ov & Spivak, 1985). Since then,
vibration training has emerged as a common reltative and performance enhancement

device among many clinicians in the health and@sersetting (Cloak et al., 2010).

PHYSIOLOGICAL EFFECTS

The definition of vibration is a mechanical osditba with periodic alterations of
force, acceleration, and displacement over timbration training is when the force is
transferred from an actuator (i.e. the vibratiowide) to a resonator (i.e. the human body)
and the perception for the patient is similar tat thf downhill skiing due to ranging and

banging of the feet on the device (Rittweger, 20T exact physiological effects of
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vibration training are still controversial and heetauthors’ knowledge, there are only two
comprehensive reviews on the topic of vibratiomiray as an exercise modality (Rittweger,
2010; Sitja Rabert et al., 2012). The proposed fitsrad whole body vibration training
(WBVT) include: enhanced muscle spindle activatioe to the alternating changes in
muscle length and tension, joint-receptor actidiig to the repetitive loading of the joints
mimicking rapid landings, central nervous systemM$} stimulation due to the enhanced
mechanoreceptor activity, improved strength andgyalue to repeated muscle contractions,
and improved balance and postural control duedmnabination of all other factors
(Abercromby et al., 2007; Cloak et al., 2010; PekldProvan, Martin, & Newham, 2011;
Rittweger, 2010; Torvinen et al., 2002b). Othergblpgic changes include increases in:
stimulation of skin receptors, skin and muscle psain, neurotransmitter and hormone
concentration, energy metabolism, intramusculaperature, and improved bone health
(Moezy et al., 2008; Rittweger, 2010; Schuhfrieditdmaier, Jovanovic, Pieber, &
Paternostro-Sluga, 2005). Bogaerts and colleadl#¥§ discussed how the strong
mechanical stimuli are transmitted to the body stndulate the primary endings of the
muscle spindles, which cause further sensory séitiaul of other proprioceptors (Bogaerts et
al., 2007). The exact physiologic mechanisms byctviinese other biologic responses such
as changes in cell metabolism and intramusculapéeature will not be covered in this

thesis, as it is not the primary goal.

WBYV IN ELDERLY POPULATION

Currently, there are a number of studies investigadt the use of WBV units with

the elderly population. Benefits of exercise in éhaerly population are well documented,
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and WBYV has been demonstrated as an effective etdjoirexercise programs aimed at
reducing the predisposing factors associated waith, improving osteoporosis through
increased bone mineral density, and improving walkibility (Bogaerts et al., 2007,
Kawanabe et al., 2007; Moezy et al., 2008). luggested that WBV applies a stimulus to
the body, which is similar to those produced bditranal exercise, but without the
associated risk of falls. The alternating lengthgrand shortening of muscles and tendons is
thought to mimic the stresses of exercise traifiRigweger, 2010). Cheung and colleagues
(2007) found that 75 elderly subjects improved be¢gaafter 3 months of WBV treatment.
Subjects stood on the WBV platform operating aegdency of 20Hz 3 minutes a day, 3
days a week. The whole body vibration groups sicguitly improved movement velocity
(deg/s), maximum point excursion, and directiontairmeasured via postural sway on a
force plate. Cheung and colleagues (2007) attribtite balance improvements to increased
recruitment of muscle fibers, muscular adaptataom neuromuscular coordination with
WBYV (Cheung et al., 2007).

Bruyere and colleagues (2005) also used WBV andipalytherapy to improve
muscle function and potentially reduce the riskatifng. This study had a control and WBV
group perform therapy including gait and balaneetng, weight transfer skills, and
strengthening exercises 3-times per week, onlintbthat the group with the adjunct of

WBY significantly improved their muscular strengthd balance (Bruyere et al., 2005).

WBV EFFECTS ON MUSCULAR STRENGTH

In the athletic setting, WBVT is thought to impraveiscular strength, muscular

power, and flexibility. The increases in musculkaesgth are suggested to be a result of the
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tonic vibration reflex (TVR), which is provoked bsngth changes in the muscles that
stimulate the muscle spindles primarily throughetyp afferents (Cormie, Deane, Triplett, &
McBride, 2006; Mahieu et al., 2006). TVR is compbsé motor unit activity that is
synchronized and unsynchronized within the vibrattgcle (Martin & Park, 1997). It has
also been proposed that the strength improvemeatdue to a lowering of the motor
recruitment threshold during WBYV, resulting in anmoapid activation of high-threshold
motor units (e.g. fast twitch fibers), resultingamgreater summation of motor units
(Delecluse, Roelants, & Verschueren, 2003; Mahteal.e2006; Rittweger, Beller, &
Felsenberg, 2000).

Torvinen and colleagues (2002) found that there avsignificant increase in vertical
jump height after two months of WBV, and an inceeasisometric lower extremity strength
in a group of 23 young, nonathletic subjects (Tioewi et al., 2002b). Although scarce, the
literature on WBYV in sports medicine supports tee af WBV as a means of improving
muscular strength and power and tissue extengibissurin, Liebermann, & Tenenbaum,
1994; Mahieu et al., 2006; Rittweger, 2010). Malaed colleagues (2006) examined the
improvements in muscular strength in a group ot@3petitive skiers. They found increases
in high box jump test with the adjunct of WBV owe6-week training period (p<.001, effect
size 0.72). Because both groups displayed increapaditions on the high box test, a
comparison between groups revealed the WBYV grocqgased scores by 13.53 + 9.79cm,
while the resistance training group increased bightest scores by 5.44 + 7.66cm (p=.013,
effect size .92) (Mahieu et al., 2006).

The acute benefits of WBV on muscular strengthcardlicting in research primarily

due to the differing parameters used in the studiiean acute setting, WBV has been found
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to increase norepinephrine levels and increase poutput in the arm flexion movement
(Bosco et al., 2000; Cormie et al., 2006). In agtof 9 men, Cormie and colleagues (2006)
found acute increases in vertical jump height ef\WBV group versus and sham treatment
group immediately performing a non-fatiguing intemtion. Jump height increased from
49.02 + 7.58cm at baseline to 49.34 + 7.17cm imatetii post WBV intervention, whereas
the sham group decreased jump height scores fro®7 307.13cm to 49.34 + 6.9cm
immediately post (p<.05 between groups). They aatesdl that WBV would be a valuable
adjunct to a warm-up because of the enhanced jueighhassociated with treatment
(Cormie et al., 2006). Rittweger and colleague®@@onversely found that vertical jump
height was lessened after acute exposure to WBMgioup of 37 subjects. However, the
intervention that was used in this study consistea fatiguing task before measuring

vertical jump, which would account for the dimirgshjump height (Rittweger et al., 2000).

WBV EFFECTS ON BALANCE

The effects of WBV on balance and dynamic postcwakrol are not well supported
in younger populations. Improvements in balanceraf{BV are supported in the elderly
population, partially due to balance deficits assted with aging. In a more athletic
population, the need for dynamic stability is esis¢due to the unpredictable nature of
sport, particularly those that require jumpingcteay, and cutting maneuvers. Moezy and
colleagues (2010) determined that WBV trainingitdot greater improvements in joint
stability and balance in individuals with anteraouciate ligament repairs, when compared to
conventional training groups (Moezy et al., 2008)e WBYV group performed exercises

alternating between static and dynamic squats gsingnd balancing tasks. They claimed the
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repetitive nature of the stimulus might cause cleanghe balance control strategies, causing
overall improvements in postural stability. Thedstdound significant differences between
WBYV and control groups overall stability indicesterior/posterior stability indices, and
medial/lateral stability indices. These changes bague to the beneficial effects of WBV
on muscle strength, improved synchronization ofananit firing (indicating more efficient
signal activation), and improved co-contractiorsyfergist muscles, which would improve
postural control (Moezy et al., 2008). Cloake aalleagues (2010) also reported balance
improvements in the anterior, medial, and anteroatelitection after a 6-week training
intervention in a group of professional dancerdw#Al during a SL stance. They
implemented a training protocol, which consistediafjle leg (SL) balance task and the star
excursion balance test (SEBT) twice a week, ovemaeek period. This study was in
contrast with other current research that meadoaéxhce for periods greater than 8-weeks
with more than three training sessions per weekvéder, the author notes that the study
sample had outstanding balancing ability priomjany, which could also contribute to
higher scores (Cloak et al., 2010).

There is tremendous variability in the literatureguantifying and measuring balance
as well as improvements in balance. It is alsaaliff to make clinical applications of
balance measures because they are often dongaticge®sition that rarely utilized in
everyday life. The studies investigating improvetsen fall prevention in the elderly were
careful to say that the improvements were in masctrength and balance, which are only
predictive factors for falls. Rees and colleag€0) stated that their vibration-training
program with WBYV reflecting that practicing andreiag a motor skill could be responsible

for the measured improvements (Rees, Murphy, & Weds2009). Likewise Pollock and
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colleagues (2011) in a study of 18 subjects, stitediack of change in balance could be due
to the relatively simple tasks performed with tliguact of WBYV, and that the effects of
more challenging tasks is unknown (Pollock et20011). Their subjects performed 5x1
minute bouts of WBV prior to measuring JPS, cutasesensation, and balance. Clinically,

balance has a multifaceted meaning that shoulebsidered when interpreting results.

WBV EFFECTS ON EMG

The most likely mechanism by which WBYV elicits motautput changes is through
the tonic-vibration reflex (TVR). TVR is provoked khe stimulation of type la afferent
fibers and is composed of both synchronized anginaisonized motor unit activity with the
vibration cycle (Martin & Park, 1997). It has alseen suggested that WBYV elicits a type la-
afferent-mediated myotatic (stretch) reflex, eligtmuscle contraction (Delecluse et al.,
2003; Rittweger et al., 2000). These changes ironmitput are detected through EMG
recordings of specific muscles involved in the #iietask. WBV causes increased
stimulation of the muscle spindles and subsequentéased EMG activity.

Abercromby and colleages (2007) proposed that chgmguscle length through
varying position and fiber tension would increageetla afferent sensitivity. Therefore, the
responses of WBV would be greater in magnitudendueiccentric contractions than during
isometric and concentric contractions. The prop@ststts of postural variation would
change EMG readings at the vastus lateralis, biteperis, gastrocnemius, and tibialis
anterior. Abercromby and colleagues (2007) fousayaificant effect of muscle length on
neuromuscular response to WBV, and that WBV-in@danuscle activation may minimize

the potentially damaging effects of vibration viasule tuning (Abercromby et al., 2007).
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Muscle tuning is defined as dampening that ocausft tissue as a response to direct
mechanical stimulation (Wakeling, Nigg, & Rozit¥)02). Similar to shock distribution
during heel strike in walking and running, muscleihg increases dampening coefficient so
that surrounding soft tissue can reduce tissuenegsze (Wakeling et al., 2002).

Prolonged exposure to WBV can elicit EMG measurdamtrat would appear as
though the muscle is fatigued (Rittweger et alQ@®O0Rittweger and colleagues (2000), in a
study of 37 subjects, found significant rapid almdvsonset fatigue with the exhaustive WBV
exercises. Subjects underwent initial fatiguing testhe bicycle ergometer, followed by two
subsequent fatiguing tests with WBYV including sg¢jagtand vertical jumping. After the first
WBYV fatiguing tasks, researchers found a significifierence in the following variables
compared the bicycle ergometer (BE): increasedeperd exertion, decreased heart rate
(171+16 BE, 122+28 WBYV), specific oxygen uptake.g#¥.9 BE, 21.3+4.0 WBV), lactate
production (7.7+2.7 BE, 3.5+1.6 WBV), respiratoryogjent (0.98+.05 BE, .90+.08 WBV),
systolic blood pressure (148+18 BE, 132+16 WBVY drastolic blood pressure (6515 BE,
52+14 WBYV). They stated that the WBYV fatigue was associated with cardiac
insufficiency but rather the neuromuscular systBitt\yeger et al., 2000). Fatiguing of the
TVR decreases voluntary force until 10-20 secorfigs the end of vibration, affecting the
ability to fire high threshold motor units. Thesealso a proposed fatiguing of the la afferent
fibers themselves (Rittweger et al., 2000).

EMG recordings with WBYV studies are taken with aad electrodes placed over the
muscle belly of the desired muscle, with the groaledtrode on a bony landmark.
Intramuscular EMG is difficult to obtain due to tiiherent electromagnetic noise associated

with WBV.
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GAPS IN WHOLE BODY VIBRATION LITERATURE

Because WBYV is a relatively new modality that i$ well supported by evidence in
the sports medicine community, clinicians are la@sito use these devices as adjuncts to
their rehabilitation practices. However, emergiogularity of these devices cannot be
ignored, and there are several gaps in the litegdhat should be investigated as the
prevalence of these machines increases in the i&fadxercise and sport science.

Perhaps the most apparent gap in WBYV researcle isgdpulation used in
randomized-controlled trials. There is a large amad research conducted with an elderly
population looking at the benefits of WBV on fatepention and walking ability. More
current research has moved to looking at the besnaff\WBYV on a healthy, younger
population, and even moving into an athletic popoita(Cormie et al., 2006; Mahieu et al.,
2006; Torvinen et al., 2002b; Torvinen et al., 2003e proposed improvements in muscular
strength are useful for the athletic community, t@search is lacking and inconclusive on
precise benefits.

There is minimal research on the use of WBV inrgared athletic population. In a
study of professional dancers with FAI, Cloake aalfleagues (2010) stated the greatest
difficulty was developing a training protocol fantgects due to the lack of objective
evidence in support of the use of WBV in FAI patge(Cloak et al., 2010). Therefore, there
is a gap in the literature in applying these bdsdd the injured athletic population.
Currently there are no studies that measured feetefof WBV on functional, and dynamic

tasks required in sport.
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Another gap in WBV research involves the paramegéteeatment. In particular,
most studies investigated the effects of WBV adtémng-term intervention period (Cloak et
al., 2010; Mahieu et al., 2006; Melnyk et al., 2006rvinen et al., 2002b; Torvinen et al.,
2003). Few studies investigated the acute effddf8BV on muscle strength, muscle power,
and postural stability. Rittweger and colleagué€@ examined the acute neuromuscular
effects of WBV after a period of exhaustive exeqRittweger et al., 2003). The associated
fatigue effects of exhaustive exercise make iidiff to make claims about WBYV as adjunct
to therapy. Cormie and colleagues (2006) foundeaitutreases in vertical jump height but
could not make any correlation between changasmpjheight and neuromuscular activity.
While this study made claims about the acute eSfe€tWBYV, the intervention only
consisted of 30-second exposure to WBV (Cormid.g2@06). To my knowledge, there is
currently no study that has investigated the ach#nges in neuromuscular control following
a bout of rehabilitation exercise with WBV, pariauy in regards to changes in EMG

activity.

CURRENT REHABILITATION & PREVENTION TECHNIQUES

Rehabilitation of FAI must target all aspects a thjury due to the syndrome-like
complexity associated with ankle injury. Muscleestygthening alone is not sufficient enough
to challenge the neural system and overcome th@mewscular deficits. Therefore, current
rehabilitation and exercise training modalities la@eoming more advanced in an effort to

target the neuromuscular system and improve cemhefadits associated with injury.
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SHIFT IN REHABILITATION PARADIGM

A rehabilitation program that focuses on the certna neuromuscular systems by
emphasizing balance, coordination, and strengthitigthas been recommended for
improving ankle stability and postural stabilitystable and unstable ankles (Bernier &
Perrin, 1998; Eils & Rosenbaum, 2001; Freeman.el1865; Goldie et al., 1994; Michell,
Ross, Blackburn, Hirth, & Guskiewicz, 2006; Ros&&skiewicz, 2004; Rozzi et al., 1999;
Tropp & Odenrick, 1988). The goal of rehabilitatigrto include functional exercises that
are directly transferable to the demands of agtantd have the potential to reduce injury
rate. Introducing a new adjunct to traditional sedww rehabilitation paradigms have
shifted to introduce new movements and muscle @i patterns with the goal of

improving postural stability.

REESTABLISHING NEUROMUSCULAR CONTROL

FAI causes deficits in neuromuscular control. Thegemanifest as deficits in
proprioception, JPS, balance, postural control,aulas strength, and muscular power.
Improving neuromuscular control has been repoetetrease ankle sprain incidence in
individuals with and without FAI (Eils & Rosenbau@001; McGuine & Keene, 2006).
McGuine and Keene (2006) performed a study of 1§b school soccer and basketball
players divided into an intervention group (373jsats) who performed balance training,
and a control group (392 subjects). Of the intetioangroup, 23.8% reported previous
history of ankle injury. The tasks of the internentgroup included single leg balance, single
leg balance and dribbling, double leg balance obhbMoboard, single leg balance on wobble

board, and single leg balance on wobble board vdnitebling. Sixty-two (8.1%) subjects
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sustained an acute ankle sprain during their se&sesearchers then compared the effect of
each variable on the rate of ankle sprain and fabatiprevious history of an ankle sprain
was the leading risk factor, participation in tlaamce training program significantly
reduced injury rate, indicating balance intervempmograms are effective at reducing ankle
sprains (McGuine & Keene, 2006).

Evaluating balance or postural stability is onehnodtof assessing sensory deficits
following injury (Mattacola & Dwyer, 2002). Balané® comprised of sensory stimulus from
the visual, vestibular, and somatosensory systBeisabilitation exercises can be modified
to challenge or isolate these specific systemsari@a is also a crucial component of all
closed-kinetic chain activities because it incogtes sensory stimulus from the peripheries
as well as visually and spatially (Hertel & Dened#98). Decreased stability in the single
leg standing task suggests altered propriocepéispanse with a decreased efficacy of
producing protective reactive mechanisms. Becaakmbe uses the same peripheral afferent
mechanisms as joint proprioception, it is a goatidator of lower extremity dysfunction.

In a 4-week balance training program with 26 suisjét3 with FAI), Rozzi and
colleagues (1999) implemented a series of balaiagarng tasks to treat proprioceptive
deficits and restore joint stability. Subjects undent single leg standing and single leg
standing on a Biodex Stability Surface and theltesihhowed there was a significant
difference in pre-training (stability index score5093 + 3.65) versus post-training (Stability
index score of 2.63 £ 1.92) in stability measupes @5), with lower scores representing
greater stability (Rozzi et al., 1999).

Restoring neuromuscular control is an important gbeehabilitation because unlike

other treatment goals, such as restoring normal R@Jdromuscular control is complex and
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multifaceted (Hertel & Denegar, 1998). Pain, swejJiand damage to joint
mechanoreceptors can impede reflex control asagelblitional muscle contractions.
Therefore, the rehabilitation should address reggorolitional control, normal reflex
patterns, and pattern-generated movements to immpresMromuscular control and restore
complex pattern-generated movements that will mimase required in sport (Hertel &
Denegar, 1998).

Another method of assessing neuromuscular corgtigy imeasuring EMG for muscle
receptor activity and reaction time (Hertel & Deaed 998). EMG can be used in the
rehabilitation setting as biofeedback, but it soalaluable in measuring latencies and neural
deficits associated with injury. EMG measures altbe clinician to track whether the
appropriate exercises are being used to optimizemamit stimulation. By recording EMG
activity of the hip musculature as well, the cliait can evaluate whether there are faulty
movement patterns associated with proximal comtsa contributing factor to injury
(Beckman & Buchanan, 1995). While EMG does notdliyerepresent neuromuscular
control, it is a valuable measurement tool duriglgabilitation to ensure that all exercises are

having a meaningful effect on motor unit activataord amplitude.

CURRENT STRATEGIES

Mattacola and colleagues (2002) discussed curedatailitation strategies for ankle
injuries ranging from gentle ROM exercises to aadiing balance tasks with provoked
perturbations (Mattacola & Dwyer, 2002). Many o texercises described can fit into
multiple goals of rehabilitation, further emphasgithe multifaceted nature of

neuromuscular control.
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Restoration of full muscle strength is essentialafmal function is to be regained.
Strength training can be achieved with a wide ¢ equipment including sport cord,
theraband, free weights, weight machines, and m&bii devices. In general non-weight
bearing should progress to full weight bearing treh additional resistance should be
followed. Double leg exercises are progressednglesileg exercises. Isometric contractions
are progressed to concentric and eventually edcargntractions. Hudson (2009) states that
the local muscle groups for improvement followimkl@ injury are the gastrocnemius/soleus
complex and the evertors (Hudson, 2009). Dochertyalleagues (1998) implemented a 6-
week strength-training program with elastic tubifge results showed that the 20 subjects
with FAI improved the mean strength (N) of dorsifdes from 33.3 + 4.8 pretest to 50.6 =
6.3 posttest (p<.0005), and evertors from 30.%54Betest to 45.0 + 4.9 posttest (p=.005).
They also found improvements in JPS (degrees of)am inversion from 6.8 + 5.0 pretest to
2.8 + 2.8 posttest (p=.009), and plantarflexiomfre.9 £ 6.0 to 1.4 + 0.9 posttest (p=.027).
Researchers stated the improvements in JPS wer® gtiemulation of afferent muscle
spindles and reestablishing the neural connecfrons the static and dynamic gamma-
efferent nerves (Docherty, Moore, & Arnold, 1998).

Proprioception improvements through afferent sgneoganization have also been
shown to rapidly improve dynamic stability, reduke incidence of ankle sprain, and reduce
injury recurrence (Hudson, 2009; Rasool & Geor@) 72 Rozzi et al., 1999). Eils and
Rosenbaum (2001) studied 30 subjects with CAl antdhem through a series of 12
consecutive proprioceptive exercises over a 6-vpeeiod and measured postural sway, joint
position sense, and reflex activity. The 12 exexisicluded: single leg standing on different

surfaces, single leg stance on mobile platfornglsiteg stand on ankle disk, movement in
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different directions, single leg stance with remiiship abduction of contralateral leg, double
leg and single leg stance on inversion/eversiomdy@&ngle leg stance on mini trampoline,
single leg forefoot balance, uneven walking, badamic horizontal and vertically mobile
platform, and maintain balance on computer corgdofilatform. Subjects held the balance
positions for 45 seconds and had 30 seconds reséée exercises. The study found a
significant difference in pretest and posttest geoin total sway, although individually,
maximum sway in the medial-lateral was significamigl anterior-posterior sway was non-
significant. Eils and Rosenbaum stated this wasulee medial-lateral sway occurs at the
subtalar joint while anterior-posterior sway occatshe tibiotalar joint (Eils & Rosenbaum,
2001).

Rehabilitation protocols that restore postural ifitgllhave also been effective at
reducing ankle sprain incidence (McGuine & Keert)&). In a study of 30 healthy athletes,
Rasool and George (2007) tested the effects ofvaek intervention of the Star Excursion
Balance Test (SEBT) on improving dynamic stabilitiie SEBT is a functional test that
incorporates single leg standing on one leg andmralxeach with the other in the anterior,
lateral, and posterior directions. They found ollemngprovements in reach distance by 11-
36% after a 4-week intervention. The posterior hedicection improved from 97 + 6cm at
baseline to 112 + 9cm and 121 + 7cm at 2 and 4-svesdpectively (p<.001) (Rasool &
George, 2007). Not only did this study show improeats in dynamic postural stability,
these improvements were seen after only 4 weekdgatention. Neuromuscular training
and its effects on dynamic postural stability inigared population have not been
researched thoroughly, but individuals who retarplay without adequate dynamic postural

stability might account for the high recurrenceerat injury (Ross & Guskiewicz, 2006).
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GAPS IN REHABILITATION LITERATURE

Every rehabilitation program must be individualizedhe patient. This concept in
itself leads to difficulty making universal accusas about specific rehabilitation techniques
(Mattacola & Dwyer, 2002). While current rehabiliten paradigms and protocols may
progressively involve more complex tasks, the gan@inciple is to maximize
neuromuscular improvements. The results of indi@igwograms are so varied leading to
uncertainty in the best treatment guidelines. Eyengurbation, jump landing, or unstable
surface is meant to challenge the neuromuscul&@ersyand strengthen the proprioceptive
deficits that occurred as a result of injury. Degiag on the resources available to them, a
clinician may have a multitude of tools and insteumts that could challenge the neural
system. Therefore, the rehabilitation parameteuaient studies vary significantly and
rarely measure acute effects of treatment. Althaegltoring functional ability and return to
play should be the ultimate goal of all rehabildat understanding the acute effects of
treatment may be valuable to guide further appatptireatments. There are currently no
studies investigating the outcome of dynamic sitghit an acute response to enhanced
neuromuscular training. The purpose of this stsdy ifurther investigate specific protocols

for restoring neuromuscular control and integrateent exercise modalities in the process.

TIME TO STABILIZATION
DEFINITION
Time to stabilization (TTS) is a measure of dynapostural control following a

landing task. Ross and colleagues (2005) descili$ak signifying when the GRF range of
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variation at the beginning of a SL jump landingerables the GRF range of variation of a
standardized SL stance (Ross et al., 2005). Amtposterior (A/P) and medial-lateral (M/L)
TTS have been used to evaluate the dynamic stabfldubjects with FAI after a SL jump
landing (Ross & Guskiewicz, 2003, 2004; Ross e28l05). In calculating TTS the first step
is to define the range of variation of a given Gi®fmponent. These values are defined as the
smallest absolute range value of GRF componenngtine last 10 seconds of the single leg
stance portion of a jump landing task (Ross & Gewsitz, 2003).

The jump-landing task provides means to controjdorp height and distance of
each individual. Individuals are measured for maximvertical-jump height at a distance of
70cm away from the device. Then the individual perfs a double leg jump at 50% of the
maximum jump height on to the center of a forcegplA measuring device is placed at 50%
jump height. The individual is instructed to stitle landing on one leg and stabilize as
quickly as possible and remain as motionless asilplesor the duration of the test. Data
collection begins at initial ground contact andddsr 20seconds post. The jump landing

data are collected on a force plate (Ross & Guskev2003).

DYNAMIC STABILITY VERSUS STATIC POSTURAL SWAY

Unlike static measures of postural sway and balarisre the subject is standing
still, TTS requires the subject to actively staali TTS therefore has a stronger clinical
significance in the athletic setting because ibiporates numerous aspects of neuromuscular
control including balance, proprioception, strengthd reflex system. Ross and colleagues
(2003) state that athletes are very capable aligta normally on a SL, which leads many

clinicians to question the functionality of sucktge TTS is a way to quantify postural
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stability during a dynamic task. By definition, dymic stabilization is an attempt to maintain
a stable base of support while completing a preedrmovement (Gribble et al., 2004;
Winter, Patla, & Frank, 1990). Essentially maintagithe center of gravity within the stable
base of support during prescribed movement. ThHiedlify arises when the individual must
stabilize responding an unanticipated movement agaleacting to a defender or object.
Compared to SL postural sway measures, TTS meashiadienges the postural
control system and allow clinicians to identify tatde landing patterns that could contribute
to injury and be addressed through therapy (Roak,&005). While landing strategies may
be different for subjects with FAI, it is difficulb compare these strategies in laboratory and
clinical setting. Correcting faulty landing straiesy that are identified with TTS, could have
implications for improving ankle stabilization apteventing excessive stress at the ankle

(Ross et al., 2005).

AREAS OF FURTHER INVESTIGATION

The literature on FAI and WBY is abundant but ttedanly one study has
investigated the effects of WBV on subjects withlFFhere limited research on FAI and
advanced rehabilitation techniques although evideuggests that challenging
neuromuscular control-oriented exercises are e¥keett minimizing the deficits of FAI.
WBY is touted as an excellent adjunct to therapyaneasing muscle spindle activity and
balance, but has not yet been applied to an injpogdilation. The potential for reducing the

deficits of FAI through WBV has lead to the devetamt of this thesis.
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CHAPTER 1lI

METHODOLOGY

EXPERIMENTAL DESIGN

This study utilized a randomized crossover desigevaluate the acute effects of
WBYV on dynamic postural control and EMG of the lowe&tremity musculature in subjects
with FAI. Subjects completed two counterbalancetinig sessions separated by one week
during which TTS and EMG of the gluteus medius (GMtus femoris (RF), peroneus
longus (PL), and tibialis anterior (TA) were asseisprior to and immediately, 15 minutes,
and 30 minutes following an intervention (ControM#BV). All testing procedures were

conducted barefoot, and the order of testing sesgiGontrol of WBV) was counterbalanced.

SUBJECTS

A priori power analysis was performed based on an unpeblistudy by Ross et al.
using the TTS procedure after an intervention {&stic resonance electrical stimulation) in
individuals with FAI. Ross’s study utilized stochiagesonance and coordination training
over a 6-week period and measured dynamic postakility via TTS. Thirteen subjects
would be necessary for a power = 0.80dat 0.05. Tihanyi and colleagues (2007) found
increases in quadriceps strength and EMG activitpWwing an acute WBYV intervention in
16 stroke patients. These power analyses togeéteedh determine the number of subjects
needed to examine our dependent variables suffigzieBecause the effects of WBV in
individuals are unknown, we recruited 26 individualith confirmed FAI to ensure adequate

statistical power.



Twenty-six individuals with confirmed FAI (12 fenes, 14 males; age = 20.4 + 1.33,
height = 172.48 + 8.94cm, mass = 72.75 + 11.37k@yewecruited to participate in the study.
Two subjects failed to report for th&*Zcontrol) testing session making our total sansize
for the control condition n = 24. Subjects rangexuht 18 to 30 years of age and were
recreationally active as defined by participatiomphysical activity for at least 30 minutes,
three times per week. Subjects included their piymaode of physical activity in the
prescreening questionnaire to identify any indieiduvho participate in current balance
oriented activity (i.e. yoga, ballet,). This wad agrimary variable in the
inclusion/exclusion criteria but acted as a supgletal variable. Subjects were required to
sign an informed consent form approved by the Usityeof North Carolina Institutional
Review Board.

All subjects displayed unilateral or bilateral FAEfined as meeting each of the
following self-reported criteria:

e Suffered at least two ankle sprains in the lagtbaths that resulted in one or
more of the following symptoms: swelling, ecchynspsind decreased range
of motion (Arnold et al., 2011; Freeman et al., 398ertel, 2000, 2002).

e Experienced at least two sensations of “giving wayfeelings of instability
in the last 12 months in their involved ankle.

In the case bilateral FAI, the side that displagiegteater CAIT score was used for
the study. Subjects were excluded if they partie@dan ankle rehabilitation within the last 3
months: displayed acute signs of ankle spraima tf testing (i.e. swelling, ecchymosis);
self-reported a history of lower extremity fractuseynificant knee or hip injury requiring

surgery; visual or vestibular impairments that wibaitfect balance; or neurologic
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dysfunction. Subjects were also excluded if theyeh@ontraindications for WBYV including,
cardiovascular, metabolic, or neuromuscular diseagalepsy, osteoporosis, osteoarthritis,
menstrual irregularities, or pregnancy (Mahieulgt2®06; Pollock et al., 2011; Torvinen et
al., 2002b).

Subjects were required to answer the CumberlandeAnktability Tool (CAIT) as
part of the online prescreening. The CAIT is aedvit 30-point tool for measuring the
severity of ankle instability. Hiller and colleagu@006) found the CAIT to be both a
reliable and valid tool for assessing ankle ingdiigtjlCC=0.96). A score of 28 or higher
indicates the individual is unlikely to have ankistability while a score of 27 or lower
indicates they likely have FAI. The CAIT not onlyantifies the level of ankle instability but
has also been cited as having the potential tagiredure sprains in those with FAI (Hiller,
Refshauge, Bundy, Herbert, & Kilbreath, 2006). Apgli® 1 provides an example of the
CAIT questionnaire.

All subjects also completed the Functional Anklsdhility Index (FADI) and FADI
Sport questionnaire to further quantify their legelnstability. The FADI consists of 26
items and total point value of 104 points, wherbasFADI Sport consists of 8 items for a
total of 32 points. Each item is scored from O f@ledo do) to 4 (no difficulty at all) and
items related to pain are scored as 0 (unbearablejnone). The FADI Sport includes
additional items related to higher baseline levdlaction observed in athletes. These
additional items prevent a ceiling effect that haen evident in some cases with the FADI.
The FADI Sport is, therefore, more appropriatetha athletic population and additional

guestions also make the FADI Sport sensitive tckireg changes or deficits in stability
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(Hale & Hertel, 2005). Appendix 2 & 3 provide a regentation of the FADI and FADI

Sport questionnaire respectively.

EMG

A surface electromyography (EMG) system (Delsys, IBoston, MA; amplification
factor=1000 (20-450Hz); CMRR at 60Hz > 80dB; infjupedance > 1//.02 Q//pF) was
used to capture activity of the peroneus longbglts anterior, rectus femoris, and gluteus
medius muscles during the TTS and MVIC measurds sutface EMG electrodes (Delsys
Inc., Boston, MA). Sampling frequency was 1000Hz.

The tibialis anterior and peroneus longus muscle®wcluded in EMG analysis
because previous literature has cited deficithenldwer extremity motor unit activity in
subjects with FAI. Konradson and Ravn (1990) fosigphificant EMG activity deficits and
increased peroneus longus activation time follovangle injury. The peroneus longus and
tibialis anterior are also the primary dynamic rasits to a lateral ankle sprain with the
primary mechanism of plantarflexion and inversibtelnyk et al., 2009). The rectus femoris
and gluteus medius were included in this study bseaumerous studies have examined the
effects of delayed muscular activation as eitheaugse or effect of ankle injury and
decreased neuromuscular control (Beckman & Buchar®#9b; Cathleen N. Brown et al.,
2011; Bullocksaxton, 1994). Beckman and colleadu895) found that individuals who
sustained ankle injury displayed poor hip muscu&teural recruitment patterns during
stabilization, and decreased gluteus medius amiivaind strength, due to either anatomical

changes, compensations, or central processing impats.
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All subjects were fitted with surface EMG electreder the peroneus longus, tibialis
anterior, rectus femoris, and gluteus medius offfected side. Prior to electrode placement,
the area of the electrodes were marked with difefharker, shaved with an electric razor,
lightly abraded, and cleaned with isopropyl alcoltoteference electrode was positioned on
the tibial tuberosity.

Electrode placement for the peroneus longus mumsilg was determined with the
subject seated in 30 degrees knee flexion andtherlextremity externally rotated. First, the
distance between the fibular head and lateral wlakewas recorded with a tape measure.
The peroneus longus muscle belly was palpated glueisisted isometric ankle eversion with
resistance applied to the lateral side of the fdbe electrode was placed distal to the fibular
head, 25% of the distance between the fibular laeadhe lateral malleolus over the greatest
muscle bulk (Hermens HJ et al., 2000).

Electrode placement for the tibialis anterior meiseas determined with the subject
seated in 30 degrees knee flexion and placed siftlotion and inversion. First, the distance
between the head of the fibula and the medial mlaléewas recorded. The tibialis anterior
muscle was palpated during resisted isometric ashddsiflexion and inversion with
resistance applied to the medial/dorsal foot. Theteode was placed at the proximal 1/3 of
the line between the tip of the fibular head areltth of the medial malleolus over the
greatest muscle bulk (Hermens HJ et al., 2000).

Electrode placement for the rectus femoris musele getermined with the subject in
the supine position and the knee slightly flexadstfFthe distance from the anterior superior
iliac spine (ASIS) to the superior pole of the latevas recorded by tape measure. The

rectus femoris was palpated during isometric kngension with resistance applied to the
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ankle in the direction of knee flexion. The eled&avas placed 50% from the ASIS to the
superior pole of the patella over the area of gganhuscle bulk (Hermens HJ et al., 2000).
Electrode placement for the gluteus medius wasméted with the subject in the
side lying position on the unaffected side. Fitts¢, distance between the midpoint of the iliac
crest and superior point of the greater trochantes recorded with a tape measure. The
gluteus medius was palpated during resisted hip&lmh. The electrode was placed 50%
from the iliac crest to the greater trochanter dfierarea of greatest muscle bulk (Hermens
HJ et al., 2000).
Electrode placement was confirmed by observing hewsctivity during isometric
contraction of each muscle. All electrodes wereaisst with adhesive tape prior to testing to

limit motion artifact.

TIME TO STABILIZATION (TTS) ASSESSMENT

Dynamic postural stability was assessed via tingdbilization (TTS). Ross and
Guskiewicz (2003) described this procedure as ftt@fe measure of dynamic postural
stability. The jump-landing TTS task controls fanjp height and distance of each
individual. Individuals were measured for maximattical-jump height at a distance of
70cm away from a Vertec vertical jump device. Thetathce away from the force plate was
standardized to 70cm for every subject. The sulgedormed a double leg jump reaching up
to 50% of the maximal jump height, and then lansiedle-leg on the center of a force plate.
The individual was instructed to land on the akedieg and stabilize as quickly as possible
for 20 seconds while positioning their hands ornrthgs. The jump landing data were

collected on a Bertec piezoelectric nonconductored plate (Model #NC4060 Bertec
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Corporation, Columbus OH) and integrated with Motionitor Software system
(Innovative Sports Training, Chicago, IL). Vertigabund reaction force (GRF) was

sampled at a frequency of 1000Hz.

WHOLE BODY VIBRATION

A PowerPlate pro5 AlRdaptive WBV unit (PowerPlate® 5, Power Plate
International B.V., Badhoevendorp, The Netherlands3 used for the WBYV intervention.
All subjects performed 6 1-minute intervals of WBMese parameters were based on the
study by Tihanyi and colleagues (2007), who meaktire effects of acute WBV exposure
on muscular strength, and EMG activity post WB\atneent in recovering stroke patients.
Tihanyi utilized an acute intervention of 6 1-miauntervals of WBV with 30Hz frequency

and high amplitude, followed by a 2-minute restiqukr

TESTING PROCEDURES

Subjects reported to the Neuromuscular Researcbra#dyy at the University of
North Carolina Chapel Hill for a total of two sews$ separated by 7 days throughout the
study. The pretest screening was administered@tdirall interested subjects with FAL.
Subjects answered the IRB approved questionnadeetermined if they meet the
inclusion/exclusion criteria for the study.

Height, weight, and age were collected during tret festing session for
anthropometric measures. Subjects started by ralstgtionary cycle ergometer at moderate
intensity for 5 minutes. Upon completion of the maup, subjects were fitted with EMG

electrodes over the GM, RF, TA, PL. Electrodes vea@ured with tape to the skin, and
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cables were securely fixated on hip to minimizelskhat could inhibit normal movement
patterns. Once fitted with electrodes, subjectéopered three trials of the maximal voluntary
isometric contraction (MVIC) for each muscle. EAWIC was recorded via manual muscle
test for 5 seconds in the position and directiosedaon SENIAM guidelines (Hermens HJ et
al., 2000).

After MVIC measures, the subject performed thresst of the maximal vertical
jump test, with the best score being used to dstatiie necessary 50% maximal vertical
height for the TTS procedure.

Subjects were then allowed to practice the TTSemaoe between 3-5 times to
familiarize themselves. When the subject was cotalide with procedure, they performed
three baseline trials. Trials were excluded ané@dgeparately if the subject touched down
with the contralateral leg or bounced on the aéfédeg while trying to stabilize. If an error
occurred, the trial was discarded and repeatedeherythe error was recorded separately as
a supplemental measure of stability. Subjects \@logved a maximum of 7 errors per
testing period.

After completion of baseline measurements, subjeegmn their respective testing
procedures on the WBYV device. For both the coranal WBYV session, subjects were
positioned in an isometric squat f4hee flexion), and instructed to hold the isontetri
contraction for 60 seconds, followed by a 2-mimet&. The control session subjects stood
on the WBYV device following the same instructionghe mini-squat position, but with the
device inactive.

After completion of the WBYV intervention, subjeatsmediately performed three

TTS trials. After completion of the three trialsjpgects waited until 15 minutes post
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completion of the WBYV before completing the nextSIimeasure. During the waiting time,
subjects completed the FADI and FADI Sport questire as a supplemental variable in
guantifying their level of instability. This wasllowed by 15 more minutes of rest. At 30
minutes post intervention, subjects completed thmeee TTS trials to complete the first
testing session.

Subjects reported for their second testing ses&idawys later. Due to the
counterbalanced testing procedure, subjects waceg@linto the opposite testing procedure

as the first testing session.

DATA REDUCTION

Ground reaction forces (GRF) were filtered usireg@ond-order, recursive low-pass
Butterworth digital filter with an estimated optimucutoff frequency of 12.53Hz, based off
previous research (Ross et al., 2005). Duringitied 1.0s of each trial, the minimum range
of the anterior/posterior (A/P) and medial/latéMIL) ground reaction forces were
calculated (range-variation) and averaged acrgas to provide the mean + standard
deviation (SD) variation for each ground reactiorcé component. GRF components were
rectified and an unbounded third polynomial wastfieto each rectified ground reaction
force time series. TTS was defined as the pointréth the polynomial fell below the mean
+ 3SD of the range-variation (Ross et al., 2005).

EMG data were bandpass (20-350Hz) and notch filt€58.5-60.5Hz) using d™4
order Butterworth filter, and smoothed using a 2%0m mean square sliding window
function. Mean EMG amplitudes were calculated praofpreparatory) and following

(loading) initial ground contact (IGC) via custoradVIEW Software (11.0.1-32bit, National
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Instruments, Austin, TX). Initial ground contactsv@efined as the instant the vertical ground
reaction force exceeded 10N. The preparatory plvasedefined as 150ms prior to IGC, and
the loading phase was defined as 150ms followin@. IEMG data were normalized as
percentage of MVIC recorded during manual musdesteMVIC was determined with a

100ms moving average to calculate the largest 100tasval.

STATISTICAL ANALYSIS
Repeated measure 2x3 ANOVAs were used to analyasgehscores as a percentage

between the WBV and control conditions at the irdiial time points. Change scores for

(15 minpost— Baseline)

each measuremefle.g. %A = ( ) X 100) were compared between

Baseline

conditions (Control vs. WBV) via 2 (Condition) x(Bime) repeated measure ANOVA.
Change scores were calculated by comparing theahBEEMG results at each time point
(immediate, 15min, 30min), and each condition (WBbdhtrol) to the respective values at
baseline. The scores were calculated as a pereeotafpange from baseline following the
WBYV or control intervention. EMG data was evaluasegarately for the preparatory and
loading phases of the landing. Significant findimgse evaluategost hocvia Bonferroni’s

testing. Statistical significance was establishgutiori as an < 0.05.
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CHAPTER IV

RESULTS

There was no significant main effect of Conditiép € 0.042, p = 0.839), Time {E
0.524, p = 0.596), or Time x Condition interacteffect (F, = 0.009, p = 0.991; Figure 1) for
TTS in the A/P direction. Similarly, the main eftdor Condition (5= 0.192, p = 0.665)
and the Time x Condition interaction effect €0.386, p = 0.682) for TTS in the M/L
direction were non-significant. However, there \@aggnificant main effect of Time for
TTS in the M/L direction (F= 3.665, p = 0.033)Post hocanalysis identified a significant
difference between M/L TTS Immediately and 15 masupost WBV @@= 2.281, p =
0.027).

No significant Time or Condition main effects omig x Condition interaction effects
were identified for the preparatory or loading gh&MG amplitudes for any muscle. Table

3 illustrates the statistical results for thesdyses.



FIGURES

Figure 1: Mean TTS A/Pby Condition and Time

8 -

U1
1

i-----w

Mean TTS A/P (ms)
NS

—@— Control
-#- WBV

3 .

2 .

1 .

0 T T T 1

BL Immediate 15min 30min

Time




Figure 2: Mean TTS M/L by Condition and Time
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Figure 4: Gluteus Medius Loading Phase EM(
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Figure 5:

Peroneus Longus Preparatory EMC

paratory EMG as Percent of MVIC (v)
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Figure 6:

Peroneus Longus Loading Phase EM

g Phase EMG as Percent of MVIC (v)
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Figure 7: Rectus Femoris Preparatory EMC
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Figure 8:

Rectus Femoris Loading Phase EM
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Figure 9:

Tibialis Anterior Preparatory EMG

paratory EMG as Percent of MVIC (v)
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Figure 10: Tibialis Anterior Loading Phase EMG
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Table 1: Statistical Analyses

TABLES

Question Description Data Source Comparisop Methozll
1 Does whole TTS TTS scores 2x3 Repeated
body vibration performance at compared to Measures
(WBV) decrease baseline, baseline scores|] ANOVA
time-to- Immediately among both
stabilization post, 15 minutes conditions
(TTS) values in post, and 30
individuals with minutes post
FAI? intervention in
both WBYV and
non-WBV
groups
2 Does WBV Examining EMG Mean EMG 2x3 Repeated
increase data during TTS| amplitude of Measures
preparatory task performed | TA, PL, RF, and ANOVA
EMG of the at baseline, GM during the
peroneus Immediately WBV and
longus, tibialis | post, 15 minutes| control sessions
anterior, rectus post, and 30
femoris, and minutes post
gluteus medius| intervention in
muscles in both WBYV and
individuals with non-WBV
FAI? groups
3 Does WBV Examining mean| Mean EMG 2x3 Repeated
increase EMG | EMG amplitude amplitude of Measures
during the during TTS task| TA, PL, RF, and ANOVA

loading phase of
the peroneus
longus, tibialis

anterior, rectus
femoris, and

gluteus medius

muscles in
individuals with
FAI?

performed at
baseline,
Immediately
post, 15 minutes
post, and 30
minutes post
intervention in
both WBYV and
non-WBV
groups

GM during the
WBYV and
control sessions




Table 2: Condition x Time Interaction

Time

Baseline

Imm. Post

15min Post

30min Pos

Condition

wBvV

Control

wWBvV

Contro

wBvV

Contro

WBYV| @antrol
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Table 3: Statistical Results for Analyses of EMG Amlitudes

Variable Condition Main Effect Time Main Effect Interaction Effect
Fo p F )
GM_Prep 1.993 0.171 1.713 0.202 1.247 0.284
GM_Load 2.460 0.130 2.622 0.166 1.899 0.180
PL_Prep 3.635 0.069 2.73% 0.075 0.806 0.419
PL_Load 1.514 0.231 2.85¢ 0.087 1.889 0.1j79
RF_Prep 0.566 0.460 0.201 0.745 0.935 0.400
RF Load 0.471 0.499 1.18¢ 0.314 0.540 0.586
TA_Prep 1.903 0.181 0.961 0.348 1.609 0.218
TA Load 1.125 0.300 1.37] 0.256 0.941 0.365

Prep = preparatory phase

Load = Loading phase
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CHAPTER V

MANUSCRIPT

Introduction

Ankle injuries are highly common in physically agtiindividuals with more than
25,000 ankle sprains occurring daily in the Unigdtes (Mickel et al., 2006). Furthermore,
as many as 73% of these injuries are recurrensd@saold et al., 2011; Dizon & Reyes,
2010; Hughes & Rochester, 2008) which result imolr symptoms such as pain, weakness,
and functional ankle instability (FAI) (Arnold ek a2011). Freeman et al. (1965) defined
FAI as a tendency of giving way following injury. FAdsults from anatomic or mechanical
instabilities, muscular weakness, and deficitsroppoception, postural control, and
neuromuscular control (Freeman, 1965; Freeman,et385; Hertel, 2002). Neuromuscular
deficits associated with FAI also include reducidabductor strerith (Beckman &
Buchanan, 1995; Cathleen N. Brown et al., 201 yeased peroneal reaction time when
exposed to sudden inversion (Palmieri-Smith e28l09), and reduced activity of the tibialis
anterior and peroneus longus (Konradson and Ra®9@)1@&hich act as the primary dynamic
restraints to sudden inversion/plantarflexion (Mé&let al., 2009). These neuromuscular
deficits resulting from FAI may manifest as deceshpostural control due to damaged
mechanoreceptors and reflex inhibition (Hertel,2@almieri-Smith et al., 2009).

Whole body vibration (WBV) is a novel rehabilitationodality that challenges
multiple components of the nervous and musculosiedgstems simultaneously due to

stimulation of type la afferent receptors (musg@mdles), and Golgi tendon organs
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(Rittweger, 2010). WBV has been shown to elicit ioygements in muscular strength,
muscular power, flexibility, and balance, which @ad in the prevention and rehabilitation
of ankle injuries (Moezy et al., 2008; Torvineraét 2002a). Several studies have
demonstrated significant improvements in balanttength, and proprioception with WBV
exposure following ACL reconstruction (Brunettiagt, 2006a; Fu et al., 2013; Moezy et al.,
2008). These findings suggest that WBV has thenpiaieto reduce neuromuscular deficits
associated with FAI (Meinyk et al., 2008; Moezyakt 2008). However, no previous studies
to our knowledge, have evaluated the effects of WBB\Vheuromuscular function in
individuals with FAI.

The purpose of this investigation was to deterntieeacute effects of WBV on
dynamic stabilization and lower extremity muscléwty in individuals with FAI. Ross and
colleagues demonstrated a measure of dynamicistdsibwn as time to stabilization
(TTS), is greater in individuals with FAI comparedhealthy subjects. (Ross & Guskiewicz,
2003; Ross et al., 2005). We hypothesized that Wd@d decrease immediately post WBV
treatment, and remain significantly decreased 3tutas post-treatment. We also
hypothesized that mean EMG amplitudes of musclegigusly demonstrated to be altered
by FAI would be significantly increased during fireparatory and loading phase of the TTS

procedure immediately and 30 minutes post-WBYV inesit.

Methods
Experimental Design
This study utilized a counterbalanced crossoveigdds evaluate the acute effects of

WBYV on TTS and EMG of lower extremity musculatugach subject completed two
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counterbalanced testing sessions separated by egle @ontrol and WBV. TTS and EMG
amplitudes were evaluated at baseline and immeglidfe minutes, and 30 minutes
following the control or WBYV interventions. All tesg procedures were conducted barefoot.
Subjects

A priori power analysis using unpublished data from Rossé efsing a similar
intervention (stochastic resonance electrical datin) in individuals with FAI, indicated
that 13 subjects would be necessary to attain a&pof0.80 fora < 0.05. Tihanyi and
colleagues (2007) reported increases in quadrie®fS activity following an acute WBV
intervention in 16 stroke patients. Because theceffof WBV on neuromuscular function in
individuals with FAI are unknown, we recruited 2@lividuals with FAI (12 females, 14
males; age = 20.4 + 1.33; height = 172.48 £+ 8.94uass = 72.75 + 11.37kg). Two subjects
failed to report for the™ (control) testing session making our total sangjte for the
control condition n = 24. Subjects were requiretedl8 to 30 years of age and
recreationally active, defined as participatiohysical activity for at least 30 minutes,
three times per week. All subjects displayed uertkator bilateral FAI, defined as meeting
each of the following criteria: 1) suffered at lewgo ankle sprains in the last year that
resulted in swelling, ecchymosis, and/or decreasrde of motion and 2) experienced at
least two sensations of “giving way” or feelingsirgtability after injury in the 12 months
prior to participation (Arnold et al., 2011; Freemt al., 1965; Hertel, 2000, 2002). Subjects
were excluded if they participated in ankle reh&diibn within 3 months prior to
participation; displayed acute signs of ankle spaditime of injury (e.g. swelling,
ecchymosis); reported a history of lower extrerfigture, significant knee or hip injury

requiring surgery, visual or vestibular impairmethist would affect balance, or neurologic
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dysfunction. Subjects were also excluded if they ¢@ntraindications for WBYV including,
cardiovascular, metabolic, or neuromuscular diseagalepsy, osteoporosis, osteoarthritis,
menstrual irregularities, or pregnancy (Mahieulgt2®06; Pollock et al., 2011; Torvinen et
al., 2002b). Subjects were required to sign anrméal consent form approved by the
University of North Carolina Institutional ReviewoBrd.

The Cumberland Ankle Instability Tool (CAIT) wasmathistered online prior to
testing and used to quantify the level of FAI. Téusvey instrument has been demonstrated
as a reliable and valid tool for assessing anldlmility. Scores of 27 or lower are indicative
of FAI (Hiller et al., 2006). In subjects with bitaal FAI, the side with the greater CAIT
score was selected for testing. Upon reportingpédaboratory, subjects completed a 5-
minute warm up on a stationary cycle ergometersatifaselected pace. Surface EMG
electrodes (Delsys Inc., Boston, MA; amplificatiactor=1000 (20-450Hz); CMRR at 60Hz
> 80dB; input impedance > 1.02 Q//pF) were then secured over the gluteus medius
(GM), rectus femoris (RF), tibialis anterior (TAAnd peroneus longus (PL) of the affected
side. Prior to electrode placement, the skin wasesth, lightly abraded, and cleaned with
isopropyl alcohol. A reference electrode was poséd on the tibial tuberosity. Following
electrode placement, three 5-second maximal vatymgametric contractions (MVIC) were
recorded for each respective muscle. Electrodeeplaats and manual muscle test locations
were determined based on SENIAM guidelines (Hernk&hst al., 2000).

Dynamic postural stability was assessed via tingdbilization (TTS). Maximal
vertical jump height was first measured three timveh the subject standing 70cm away
from a Vertec device, and the highest value wad tseepresent maximal vertical jump

height. Subjects then performed a double leg jurhppeweaching to 50% of the maximum
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jump height and landed in the center of a forcéeplanodel #NC4060 Bertec Corporation,
Columbus OH). Only the Vertec vanes representirtg 50 maximal vertical jump height +
0.5 inches were exposed and subjects were institetgmp and touch the vanes, then land
on the affected leg and stabilize as quickly asipds for 20 seconds while positioning the
hands on the hips. Subjects were allowed 3-5 pattials to familiarize themselves with
the procedure. Trials were discarded and repeftbd subject touched down with the
contralateral leg or bounced on the affected ledenttying to stabilize. Subjects were
allowed a maximum of 7 errors per testing sessByound reaction forces (GRF) and lower
extremity EMG data were sampled simultaneouslyrdytihe TTS task at 1000Hz.

Immediately following baseline TTS measurementbjestis moved to the WBV
device (PowerPlate® Pro 5, Power Plate InternatiBn&, Badhoevendorp, The
Netherlands). For both the control and WBV condisiosubjects maintained an isometric
squat position (~4knee flexion) for 1 minute followed by a 2-minugst period, which
was repeated 6 times (Tihanyi, Horvath, FazekastoHagyi, & Tihanyi, 2007). During the
WBYV condition, a vibratory stimulus (30Hz, 2g) wa®vided while subjects maintained this
position. During the control condition subjectsfpened the same procedures on the WBV
device, but the vibratory stimulus was not providBde aforementioned TTS procedures
were then repeated immediately, 15 minutes, anaiB0tes following the respective
interventions.
Data Reduction & Analysis

Ground reaction forces were filtered using a seemndér, recursive low-pass
Butterworth digital filter with an estimated optimucutoff frequency of 12.53Hz. During the

final 10 seconds of each trial, the minimum ranfjgne anterior/posterior (A/P) and
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medial/lateral (M/L) ground reaction forces wascoddted (range-variation) and averaged
across trials to provide the mean + standard dewigSD) variation for each ground reaction
force component. Ground reaction force componeete rectified and an unbounded third
polynomial was then fit to each rectified groundateon force time series. TTS was defined
as the point at which the polynomial fell below thean + 3SD of the range-variation (Ross
et al., 2005).

EMG data were bandpass (20-350Hz) and notch filt€58.5-60.5Hz) using d™4
order Butterworth filter, and smoothed using a 25am¢ mean square sliding window
function. Mean EMG amplitudes were calculated ptiofpreparatory) and following
(loading) initial ground contact (IGC) via custoralVIEW Software (11.0.1-32bit, National
Instruments, Austin, TX). Initial ground contactsv@efined as the instant the vertical ground
reaction force exceeded 10N. The preparatory plvasedefined as 150ms prior to IGC, and
the loading phase was defined as 150ms followin@. IEMG data were normalized as
percentage of maximal voluntary isometric cont@c{MVIC) recorded during manual
muscle tests for each muscle. MVIC was determinia av100ms moving average to

calculate the largest 100ms interval.

Change scores for each dependent variable at eeaburement poir(te.g. %A =

((15 min post— Baseline)
Baseline

) X 100) were compared between conditions (Control vs. WBH)

2(Condition) x 3(Time) repeated measures ANOVA. Elta were evaluated separately
for the preparatory and loading phases of the fapdsignificant ANOVA models were
evaluatedgost hocvia Bonferroni’s procedure. Statistical significanwvas established

priori asa < 0.05.
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Results

There was no significant main effect of Conditiép € 0.042, p = 0.839), Time {E
0.524, p = 0.596), or Time x Condition interacteffect (F, = 0.009, p = 0.991; Figure 1) for
TTS in the A/P direction. Similarly, the main eftdor Condition (5= 0.192, p = 0.665)
and the Time x Condition interaction effect €0.386, p = 0.682) for TTS in the M/L
direction were non-significant. However, there \@aggnificant main effect of Time for
TTS in the M/L direction (F= 3.665, p = 0.033)Post hocanalysis identified a significant
difference between M/L TTS Immediately and 15 masupost WBV @@= 2.281, p =
0.027). Given the similarity of these changes ichegroup, this result is likely indicative of a
learning effect.

No significant Time or Condition main effects omig x Condition interaction effects
were identified for the preparatory or loading gh&MG amplitudes for any muscle. Table

3 illustrates the statistical results for thesdyses.

Discussion

The purpose of this study was to investigate theeaeffects of WBV on dynamic
postural stability and lower extremity muscle aityivn individuals with FAI. Based on
previous research identifying acute changes in fawusgandle sensitivity, proprioception, and
muscle activity with WBV (Bosco et al., 2000; Caralie & Lim, 2003; Tihanyi et al., 2007),
we hypothesized that TTS would decrease and EMGitargs would increase following
exposure to WBV. However, we did not observe aniteaeffects of WBV on these

variables.
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The effects of WBV are not widely understood, asliterature is conflicting
regarding its physiologic effects. Our findings aupported by several studies that found no
significant effect of WBV on EMG, strength, or baé@ (Cormie et al., 2006; Martinez et al.,
2013; Pollock et al., 2011). Martinez et al. (20&8)died the effects of a 6-week WBV
intervention on the reflex responses of the persm@ougus, peroneus brevis, and anterior
tibialis when exposed to a sudden inversion meananand found no significant changes in
any of their dependent variables in their sampleegithy, recreationally active individuals
in which neuromuscular deficits were not presentldek and colleagues (2011) investigated
the effects of low vs. high amplitude vibration lmelance, joint position sense, and cutaneous
sensation in young, healthy individuals, but fomadsignificant effects of WBV. Lastly,
Cormie et al. (2006) reported an increase in varfianp height, but no changes in isometric
squat strength or EMG of the biceps femoris andigoeps muscle groups following acute
WBYV exposure in healthy individuals.

In contrast to our findings, several studies haported significant improvements in
strength, power, EMG amplitude, and stability faling acute WBV exposure (Abercromby
et al., 2007; Bosco et al., 2000; Cormie et al0&WMoezy et al., 2008; Ronnestad, Holden,
Samnoy, & Paulsen, 2012; Tihanyi et al., 2007)a lyroup of healthy power lifters,
Ronnestad et al. (2012) found acute increaseswepoutput and EMG amplitudes during a
squat jump following acute WBV (Ronnestad et @12). Moezy et al. (2008) reported
significant increases in postural stability andhjoeposition sense after 12 sessions of WBV
exposure in subjects following ACL reconstructiéiercromby et al. (2007) investigated
the acute effect of contraction type, subject pasitg, and the type of vibration (rotational

versus vertical) on EMG of the lower extremity iealthy adults. They reported significant
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improvements in EMG of the vastus lateralis, gastemius, and tibialis anterior during the
WBYV treatment using a smaller knee angle and isoonebntractions. Lastly, Tihanyi et al.
(2007) reported acute improvements in eccentricismmetric knee extension strength in
stroke patients following WBV.

These conflicting findings depend largely on theywrey parameters of the WBV
stimulus, duration of exposure to WBYV in a singéesion, and acute vs. chronic/longitudinal
WBYV exposure (Brunetti et al., 2006b). Several &sidhvestigated the effects of acute
WBYV exposure with varying results. One study fosighificant differences between
rotational and vertical oscillations (Abercrombyaét 2007). Another study found significant
increases in quadriceps EMG amplitude during kexéension after an acute exposure to
WBYV at 20Hz (Tihanyi et al., 2007), while anotheuhd no change in quadriceps EMG
during a countermovement jump after acute expasuvéBV at 30Hz (Cormie et al., 2006),
and yet another study found acute increases inropegpd EMG during a squat jump
following WBV exposure at 50Hz (Ronnestad et @12). Because of the high variability in
WBYV parameters across investigations, it was diffito determine which to utilize in our
intervention. Our WBYV parameters (30Hz, 2g) wereedrained based off the study by
Tihanyi and et al. (2007), who found significantr@ases in eccentric and isometric torque
of the knee extensors following an acute WBYV sessictroke patients. These parameters
were chosen in order to achieve the greatest ingpaB&MG amplitude, however, our study
found no significant effect of WBV on mean EMG aitygle. This could have been due to
the different sample used in comparison to theyshydTihanyi et al. (2007), or the fact that
the TTS task inherently requires a smaller summatianotor units than an MVIC knee

extension with a dynamometer as measured by Tiketrali
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The varying WBV parameters cause different neuraulas responses. While none
of these studies attempted to improve dynamic palstontrol, these studies evaluated
effects of WBV on strength, EMG, and static podtacantrol following WBV. Cormie et al.
(2006) used 30Hz frequency and 2.5mm amplitude)(bovd found improved
countermovement jump height, but no changes in Ediivity. Ronnestad et al. (2012) used
50Hz frequency and 3mm amplitude and found incekgsdriceps EMG during a power
movement. Tihanyi et al. (2007) used 20Hz frequearay high amplitude vibration and find
increases in quadriceps EMG during an maximal isgomand eccentric knee extension
motion. Because TTS is predicated on an appropnedieomuscular response, the lack of
significant EMG findings in this study indicatedva@ak neuromuscular response, and
explains the lack of improvement in TTS.

In addition to the varying parameters and frequestor WBYV intervention,
conflicting results may be due to the heterogengatignt populations varying from young
healthy subjects and elite level athletes, to stqphtients, multiple sclerosis patients, and
elderly populations (Cormie et al., 2006; Mahiealet2006; Schuhfried et al., 2005; Tihanyi
et al., 2007; Torvinen et al., 2002a). Another gaegeason for the lack of significant
findings could have been the position of the sulpecthe WBYV platform. As one study
noted, subject positioning could have an effecbscle spindle activation with smaller
knee flexion angles (~20 degrees for isometric wibm eliciting a greater neuromuscular
response due to the lengthened position (Abercraghlay,, 2007). Our investigation had the
subject positioned at 4@Gsometric knee flexion. While the most beneficabject
positioning is unclear, there is the potential tha&tsquat position used in our study displayed

too much knee flexion to optimize neuromusculanstation.
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With respect to musculoskeletal injury, researchihaestigated the effects of WBV
in subjects following ACL reconstruction and fousignificant improvements in postural
stability, strength, and joint reposition senseufitti et al., 2006a; Fu et al., 2013; Moezy et
al., 2008). To the authors’ knowledge, only onalgtihas investigated the effects of WBV in
individuals with FAI and demonstrated improvemantsingle-leg balance after a 6-week
progressive vibration program. They did not, howefiad any significant difference in
mean EMG amplitude or power of the peroneus loii@lmsak et al., 2010). The study
indicated that longitudinal WBV may have implicatgofor improving static balance, but
dynamic postural control as assessed by TTS maydogdemanding to be affected by a
single WBYV exposure. Martinez et al. (2013) exarditiee potential of using WBV as a
preventative therapy to ankle injury. However, at&-week intervention they found no
significant difference in reaction time, peak EMi5 time to peak EMG in their healthy
population. The authors concluded that the ladknpirovements in reflex response was that
the WBYV stimulus was not sufficient to induce neuuscular adaptions in healthy
individuals.

Another factor in this study that was differentrttather research on WBV was the
sampling of an injured, yet functional populati®ubjects in this study were required to
answer a CAIT questionnaire as part of the inclusiateria. Hiller et al. (2006) validated
the CAIT scoring system and concluded that subjeittsa score of 28 or higher were
unlikely to have FAI, and subjects with a scor@dfor lower were likely to have FAI. As
Martinez et al. (2007) found, WBV did not inducair@muscular changes in a healthy
population and some subjects with higher CAIT (>&&%)res may not have been as receptive

to WBYV as individuals with lower CAIT scores (<1@lthough every subject in our
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investigation scored below 27 on the CAIT questare) there was wide range of scores
(range = 6-25, mean = 16.35 + 4.82). Our mean G&ldre was well below the classification
of FAI by Hiller et al. (2006), and less than thean CAIT score (19 * 4) reported by
Arnold and colleagues study on FAI and qualityifef (Arnold et al., 2011). Our mean
scores were also less than the reported CAIT s¢b824 + 1.3) by Cloake et al. (2010), in
their study investigating the effects of 6-weekration training on single-leg balance in
dancers with FAI. This would suggest our subjeats id fact, possess FAI, however the
wide range of scores could potentially skewed oeam Subjects who displayed more
severe levels of instability could have been aéddty the WBYV intervention, but their
results were potentially confounded by virtue ahigegrouped with more functional
individuals. However, we evaluated the relationshiptween CAIT scores and the
magnitude of change in each TTS or EMG variable ediately following WBV, and none
of these correlations were statistically significamhis suggests that the lack of significant
effects of acute WBV was not influenced by the lefd=Al.

Limitations of the study include the subjectivefgeported history of ankle sprains.
Similarly, the subjects in this study were all @fedent stages in the spectrum of FAI, as is
displayed by the wide range of CAIT scores. Anothmitation was that the total exposure to
the vibration was six minutes, while other studiase utilized longer treatment sessions
ranging 6 to 16 minutes of WBV exposure (Moezylet2908; Tihanyi et al., 2007). The
positioning of our subject could have also beemgortant factor. If our subject performed
the WBYV intervention in a single-leg stance mimigkthe TTS procedure, the
neuromuscular response could have been greategabing the dorsiflexed position could

have increased stretch on the plantarflexor andn@al musculature, thus potentially
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improving transmission of the WBYV stimulus and éagsa greater neuromuscular response.
Our study also only examined the acute effects BMMhus it is unclear if repeated
exposure to WBV with the same parameters would Bawéar results.

The results of this study have implications fotlier research regarding WBV as a
potential therapeutic intervention for FAIL. Ourdyudid not measure strength,
proprioception, or joint reposition sense in ou@sw@es of neuromuscular changes. These
variables contribute to dynamic stability and hdeenonstrated improvements following
WBYV (Moezy et al., 2008). Also, it is necessarystody the varying parameters of WBV and
what their exact physiologic effects are in a hgaéind injured population. Conducting a
longitudinal study evaluating the effects of prajed WBYV intervention on individuals with
FAI could be more beneficial due to neuromuscutiEpsations that could occur from a
longer intervention. There is also the potentigb@fforming coordination-training tasks with
acute WBV to optimize the neuromuscular responséh Y&¢gard to FAI classification,
further research should be conducted to quantiflydastinguish between grades of FAI. A
clearer definition of FAI to identify individuals o would benefit from this novel therapy is

necessary.
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Clinical Significance

In conclusion, the results of this study foundsignificant effect of acute WBV
exposure on TTS and lower extremity EMG during Ergg landing. Although there are
many studies showing WBV as a valuable adjuncsfiangth, proprioceptive, or balance
training, the exact parameters of the study shbaldonsidered based on the desired
therapeutic effect. As such, it is unclear if WB\Veffective as an adjunct therapy for treating

FAL.
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APPENDICES

Appendix 1: Cumberland Ankle Instability Tool

Please tick the ONE statement in EACH question that BEST
describes your ankles.

LEFT RIGHT Score

1. | have pain in my ankle

Never (] (] 5
During sport (] (] 4
Running on uneven surfaces (] (] 3
Running on level surfaces (] (] 2
Walking on uneven surfaces (] (] 1
Walking on level surfaces (] (] (o]
2. My ankle feels UNSTABLE
Never (] (] 4
Sometimes during sport (not every time) (| (| 3
Frequently during sport (every time) (] (] 2
Sometimes during daily activity (] (] 1
Frequently during daily activity (] (] (o]
3. When | make SHARP turns, my ankle feels UNSTABLE
Never (] (] 3
Sometimes when running (] (] 2
Often when running (] (] 1
When walking (] (] o
4. When going down the stairs, my ankle feels UNSTABLE
Never (] (] 3
If | go fast (] (] 2
Occasionally (] (] 1
Always (] (] o
5. My ankle feels UNSTABLE when standing on ONE leg
Never (] (] 2
On the ball of my foot (] (] 1
With my foot flat (] [} o]
6. My ankle feels UNSTABLE when
Never (] [ 3
| hop from side to side (] [} 2
| hop on the spot (] (] 1
When | jump (] [} o]
7. My ankle feels UNSTABLE when
Never (] [} 4
| run on uneven surfaces (] (] 3
| jog on uneven surfaces (] 1 2
I walk on uneven surfaces [ | 1
| walk on a flat surface (] [} o]
8. TYPICALLY, when | start to roll over (or “twist”) on my ankle, |

can stop it

Immediately (] (] 3
Often (] [} 2
Sometimes (] [} 1
Never (] [} o]

[} O 3

| have never rolled over on my ankle

9. After a TYPICAL incident of my ankle rolling over, my ankle
returns to “normal”

Almost immediately

Less than one day

1-2 days

More than 2 days

| have never rolled over on my ankle

goooo
goooo
WO =NW

Hiller CE, Refshauge KM, Bundy AC, Herbert ED, Ki#ath SL. 2005
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Appendix 2: Foot and Ankle Disability Index

Score: TheFootRFAnkleDisabilityAndexfdFADI)Bcore
Clinician@Name: DanielBAdelmanBATC,AAT,ESCS,@PES
SubjectdD:

Date:

OZ@nableo@o

1ZFExtremeDifficulty

2EFModerateifficulty

3EBlightMifficulty

Ao ifficultyEhtll

Question: Answer: Score

Standing

Walking@®nEvenZEround

Walking@®nRvenEround@vithoutBhoes

WalkingRupthills

Walking@lownthills

GoinguipBtairs

Going@lownBtairs

Walking@®nineven@round

Stepping@ip@nd@ownRurves

Squatting

Sleeping

Comingip&o®ourtoes

Walking@nitially

Walking®B@Eninutes@riless

WalkingBpproximatelyFLO@Eninutes

Walking@ 5@Eninutes®ri@reater

Homel#esponsibilities

Activities@f@lailydiving

Personalare

Light@o@noderate@vorkBdstanding,@valking)

Heavy@vorkdpush/pulling,&limbing,&arrying)

Recreational@ctivities

Generali@level®fiain

PainGtiAtest

Pain@uring®ourhormal@ctivity

Painfirsthingn@he@norning

TotalFADIBcore:

ReferenceorBcore:R

Martin@®RL,Burdett®G,Arrgangd).Mevelopment®f@hed oot@nd@nkle@isabilitydndexdFADI).A@rthopBports@hystTher.A999;29:(A32-A33
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Appendix 3: Foot and Ankle Disability Index Sport

Score: TheFootRAnkleMisabilitydndexdFADI)Sport
ClinicianiName: DanielB\delmanBATC,AAT,&SCS,FPES
SubjectdD:

Date:

OZ@nable®o@o

1ZExtremeDifficulty

2BModerateDifficulty

3EBlightMifficulty

AEMNo@ifficulty@tall
Question: Answer: Score
Running
Jumping
Landing

Squatting@ndBtopping@uickly

Cutting,@ateral@novements

Low-impact@@ctivities

Ability@oBperform@ctivity@vithiourhormal®echnique

Ability@oBarticipate@n®dour@esiredBport@sdongsdoulvouldiike

TotalFADIBportBcore:

ReferencedorBcore:

Martin®RL,Burdett®RG,Arrgang@).Mevelopment@®fiheFoot@nd@nkleDisabilitydndexgdFADI).A@DrthopBports®PhystTher.L999;29:B32-A33]
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