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CHAPTER |

INTRODUCTION

Ankle sprain is a common problem that occurs frequently daily accident in
sports competition or exercise. Ankle injuries constituted 15-20% (Boruta et al 1990) of
all sports-related injuries. Ankle sprain is usually recurrent after primary injury. One of

all reasons in recurrent ankle sprain Js. a loss of proprioception or deficited of
r

proprioception in ankle joint. // ’

9
Proprioception is.an awarevess of position and movement of a part of body,

like joints, with elnmu;atl’én/af visual quidance (Janwantanakul P 2001). Proprioceptive
signal, about awargéé of iw:&hnn nd movement of a part of body, comes from

receptors called “m wal‘:apfﬂf' =
£

Injury to ajénrt nﬁy cause };lrect or indirect to the allerations in sensory
information provided n;echanqrecapﬁfrs Direct trauma may lead to ligament and

Jnfe-#ﬁbers because nerve fiber has less

A,4¢4

tensile strength than cnilagen'f"lﬁer ;i nsequent destruction of the messages from
the joint receptors then causas daaﬁm‘entahnn and prgﬁnﬂcephva loss (Freeman et al
1965, Schutte a@fﬁm—mnm “j

Recurrent ankle sprain may follow proprioceptive loss of the ankle joint and will

lead to chronic ankle instability or-functional instability.

The two hypothesized causes of chronic ankle instability consisted of
mechanical instability and functional instability. Mechanical instability (M1) is defined as
ankleJmovement beyond the physiologic limit of the ankle range of motion. The term
“laxity” is often used synonymously with MI. Functional instability (F1) is defined as the
subjective feeling of ankle instability or recurrent, symptomatic ankle sprains (or both)

due to proprioceptive and neuromuscular deficits (Tropp H 2002).

Ankle sprain was found in all sports-related injuries with the incidence of 21%

to 53% in basketball injuries and 17% to 29% in soccer injuries when compare with all



injuries. The stability of ankle joint depended on the supporting ligamentous structures.
The lateral ankle ligaments (for detail see in Chapter Il}) which were responsible for
resistance against inversion and intermal rotation stress, are the anterior talofibular
ligament (ATFL), the calcaneofibular ligament (CFL) and the posterior talofibular
ligament (PTFL). The medial supporting ligaments are the superficial and deep deltoid
ligaments, which are responsible for resistance to eversion and external rotation stress,
which are less commonly injured. Clinically, the most commonly sprained ankle
ligament is the ATFL, followed by the CFL. /The PTFL is rarely injured. The selective
part of ligamentous injury was determined by the mechanism of injury and relative
ligamentous strength. The strength :;i‘ the ankle ligaments from weakest to strongest is
the ATFL, PTFL, CFL and deffoidl ligament. The nature of both basketball and soccer
has frequency jump jaﬁdin"g Then, .;;rnund reaction force across the ankle joint was
happened during ]ump"larﬂ" ing. The aﬂﬂl’,fsls of mediolateral ankle force found increase
force on lateral side mare than med|a1 ﬂlda in both healthy and ankle instability subjects.
In addition, ankle instability Suqaﬂts hﬂ're taterai force occurring earlier than healthy
subjects because nfdéﬁcancy oﬂms anropnaceﬂon (Hockenbury et al 2001).

: 7 .'Xa
Pmpm}cephve h'alnlngsymsmnmizﬁﬁ the wobble board, which is the program

recommended b«; Kunmdsan {21302] Due to the wobble board's training diminished the
functional msiab!llgﬁrﬁure& people rate. A
balance control's éng muscle reaction time's imprave&ient (Gordon et al 2004, Victoria
et al 2005).

Py g

-:ﬁ?ias[mm proprioceptive systems,

Research question is studying propriogeption syslem and ground reaction
force from jump landing in basketball players whie have ankle instability and receive
propriogeptive fraining for 6 weeks. - This knowledge can apply (o treatment and

prevention recurrent ankle sprain and ankle instability.

Goal of this study is verify the efficiency of proprioceptive training to improve

ankle stability which will be measure by using multiple equipments.



Research question

Primary research question: Were the proprioceptive system different between
the wobble board training for basketball players who had ankle joint instability and the

conservative training.

Secondary research question: Had the basketball players, having the ankle
joint instability, who had been trained in proprioceptive program, the ground reaction
force from jump landing differently from those who had been post-trained in the same

program.
. 4
Objective
1. Tu.smq;g»ﬂ't_a effect of proprioceptive training on joint position sense in
ankle jointinstability basketball players.
2. To s!ﬂdy ﬁm%ﬁem of p'rﬁprincepthra training to the ground reaction force
in ankle pmt’ffnsﬁblllty baakelh?ll players.
f i h
Hypothesis 37 7 S

1. The:mlde joint instability basketball plagers who had proprioceptive
tramlng ﬁaﬂ better proprioception. Which te:-:-ltad by joint position sense.

2. There was a different of ground reaction force from jump landing in ankle
joiftinstability basketball players after proprioceptive training.

Conceptual Framework



Ankle Sprain

Proprioception loss or deficit

' 4

Proprioceptive Training ]

* Recurrent Ankle Sprain
. or Ankle Instability
Increase proprioception
Preventing Reinjury

Figure 1.1 Conceptual Framework

Scope of research

1., Fhis study -is .an jexperimental -research .designs which Thai male

basketball players who have ankle joint instability:

2. The study approval was obtained from the University Ethics Committee.
Written inform consent was obtained from each subject before the

experimental started



Limitation

1. In this study, needs to work together among basketball players who will

be recruited following the inclusion criteria.

2. In this study, needs to work together between departments, which have
equipments for this study.

Key Words

Proprioception, Ground Reaction Force, Ankle Instability, Ankle sprain,
Wobble board, Joint pesition sense

P,

i ¥

Operational Definition’

-

Pmprrocaﬁﬁwyis an | awarena?s of position and movement of a part of body
with elimination of wsﬁal girnqance {For datnii see in Chapter |l page 8).

/44 J

Ground R&aictmﬂ Fame,{GRF} iﬁ/hasmally the reaction to the force the body
exerts on the ground [Fnr daﬁﬁ 55& in M Il page 28).

R

RO ;;‘,
Ankle mslabfm}f happened from development l;!f recurrent ankle sprain. The 2
hypothesized caum of chronic ankle instability mbe&n labeled a mechanical

instability and functional instability. Mechanical instability (MI) is defined as ankle

movement beyond the physiologic limit of the ankle's range of motion. The term "“laxity”
is often used synonymously with MI. “Functional ‘instability (FI) is defined as the
subjective feeling of ankle instability or recurrent, symptomatic ankle sprains (or both)
dueto proprioceptive and neuromuscular deficits. In this case study, the subjects are
functianal instability. Therefore, they are capable to training program and basketball

match.

Wobble board is a piece of training equipment used to develop physical
balance. It is often used for rehabilitation purposes, although it can be very useful to

improve balance and reflexes. The top side, on which the individual stands, is flat and
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usually features a non-slippery cover. The bottom side, which goes on the ground, has
a hemisphere in the center. This allows the board 360 degrees of movement, usually
with 10 to 20 degrees of axial tilt.

Joint position test has been previously demonstrated, termed the
“repositioning test". The repositioning test is generally used to evaluate position sense
al various joints, such as the shoulder, elbow, wrist, hip, knee and ankle joints (For detail

2. reac f proprioceptive training by
wobble boardin Basketball players with ankle instabilty.
3. . \dation fo ehabilitate basketball players with ankle
instability RGN
ns Hity. P —
J‘J:(‘:!‘,\vfi. <12

4.  Providing ecommendation f  prevent recurrent ankle sprain.

N prokt ] - \

(A

- -
5 G e protiie

AOUUINBUINT )
ANRINTUNIINENRE



CHAPTER Il

Review of the Related Literatures
Ankle Sprains

Ankle sprains are due to an excessive inversion or eversion injury. Lateral
ankle sprains are more common than medial, as the ligaments are weaker on the lateral
side (Boyd and Bogdan 1993, Hollis et al 1995, Shapiro et al 1994). Ankle sprain can

classified to |, Il and lll grades upon patholegy,function and instability.

GRADE |: 'when _the ligament is stretched but not torn and the anterior

talofibularfigament is usuallyinvolved. The anterior draw test is negative.

GRADE I: is' moderate sprains which usually result in partial tears of the
ligaments, primarily the anterior talefibular and possibly the calcaneofibular
ligament. Ligamentous laxity may be present and there is moderate swelling.

GRADE IIl: is classified as severe Sprains and uncommon by occured. Grade
Il sprains have significarit 5we|ﬂﬁg‘,fh‘rarked instability due to complete rupture
of the ligament. The anterior draw test is positive and a fracture or rupture is
likely to te present. Problems occur in the grade Ill classification as more
than one Iigament may be injured, or bony structures may be affected (Davis
and Trevino1995).

Figure 2.1 Lateral (A) and syndesmotic (B) ligaments of the ankle (Hockenbury and
Sammarco 2001)



Definition of Proprioception sense

Proprioceptive sensation has been recognized since 1557, when Julius
Caesar Scaliger described a “sensation of locomotion® (cited in Cohen 1957). In
general, there are two distinguish types of proprioception: First, position sensation or
static proprioception; the ability to detect the position of body parts. Second, movement
sensation or dynamic proprioception; the ability to detect the actual movement of the
limb which includes information about the velocity and direction of movement at which a
limb changes its position (Clark and Horeh 1986, Hogervorst and Brand 1998, Lephart
and Henry 1996). However, some, authiers includes other sensory modalities as
components of proprioception, for | example, sensations related to muscle force
including effort, tamiﬁh‘,_,hﬁaﬁnaas %Td stiffress as well as perception of timing of
muscle action (Clark and Horch IBBE.‘Handmia 1996, McCloskey 1987, Moberg 1983,
Newton 1982, Schrqigﬁ'-"igﬂﬁj; —_—

'.

_r-—"“

According. fo Mans Medlﬁal Dictionary (2000), proprioception refers to

the sense or perception of 1ha posﬂmn a/?j Wt of the body, especially its limbs,
and is independent of wision 'wheraas Ra:m}!;asia means the sense or perception of
movement. Consequently, I'.he tarm mqpﬁgqapunn is suitable for the porpose of this
study, used in arder to refer the parcmlim l:ll [n:nt position and movement

(Janwantanakul EDCH ). NS

Anatomy of Machanumcepturs

Mechanofeceptors are located in skeletalmuscles, joint capsule, tendons, and
ligaments and skin (Grigg 1994). (Figure 2.1). derives proprioceptive sensation
peripherally. = They are stimdlated | by mechanical’ deformation of the receptors
themselves or of tissues adjacent to them. Then transform this mechanical deformation

into neural signals.



2N 2N
T

Central motor

recepton

% vl | m
s

Perception of head Percepiion of hody Propricceptive To muscalsnre
in space in spece

Figure 2.2 Diagram of the origin of proprioceptive sensation (modified from Schmidt
1986)

Proprioceptive information, also called “corollary discharge” (Gandevia 1996),
is a part of the command signals, destined for the muscles and gives feedback into the
perceptual regions in the brain (Sperry 1950).

Skeletal Muscle Mechanoreceplors

Voluntary’ muscles can be divided into two main kinds of muscle
mechanoreceptors, First, the muscle spindles (Figure 2.2) are typically found in skeletal
muscles (Barker 1974, Carpenter 1990). Second, Golgi Tendon Organs (GTOs) or
neurotendinous spindles are mostly situated at the musculo-tendinous or musculo-
aponeurotic junctions of extrafusal muscle fibres with the rest in thetendon itself (Barker
1974, Moore 1984). The number, density and location of the muscle spindles and
GTOs vary extensively among and within muscles (Devanandan et al 1983, Gandevia
1996). Anatomical characteristics and actions of the muscle spindles and GTOs are

summarized in Table 2.1.
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Figure 2.3 Muscle spindle showing details of nerve connection of the nuclear bag and

nuclear chain fibres (Mitz and Winstein 1993)

Mmscle Spindle Golgi Tendon Organ
Receptor o  fluid-filled capsule built sround 310 12«  encapsulated sensory receptor
Appearance intrafisal muscle fibres
Location s  parallel to the extrafusal muscle fibre * lies in series between extrafusal
muscle fibres and tendons
Type of Intrafusal « muclesr bag fibres divided into bagy and + none
Fibre bag, fibres
* puclesr chain
Motor = - and p-dynamic axons terminated on * none
Innervation bag, fitres
* y-and f-sistic axons terminated on bag,
Seasory s primary ending (type Ia fibre): innervates = Ib
Inmervation the central portion of both the nuclesr
bag and nuclear chain fibres
* secondary ending (type II fibre):
innervates the peripberal portion of the
nuclear chain fibres
Ending Ie: annulospiral ending s none
Characterisiics fl: annulospiral and flower-spray
AdsptingRate  » Ia: rapidly adapting * slowly adapting
II: slowly adapting
Receptor Area * ceniral portion of the intrafosal muscle s tendon organ itself
fibres
Activation lengthening of the whole muscle » {ension produced by contraction
contraction of the end portions of the of extrafosal muscle fibres or by
spindle’s intrafissal fibres irnervated by ¥ external force during passive
molor nerve fibres movement

Table 2.1 Anatomical characteristics and actions of the muscle spindles and GTOs

(Carpenter 1990, Gregory and Proske 1990, Guyton and Halls 1996)



1

As the GTOs are only slowly adapting receptors, the muscle spindies, on the
other hand, consist of both slowly and rapidly adapting receptor components. Slowly
adapting receplors generate impulses and transmit them to the CNS as long as at the
time, they are stimulated. However, rapidly adapting receptors are the receptors that
generate impulses during the movement, and then stop after approaching the new
position cease within the first few seconds. Thus, slowly and rapidly adaptling receptors
are expected to signal joint position and movement, respectively (Clark and Horch
1986, Lephart et al 1998b). However, ,-ﬂ_)isfﬂlgssiﬁcatiun of receptors is only a rough
indicator that shows the type of pmpn‘o::epth»bﬁl#annatian these receptors may provide.
They can relay information. about j{f;int position. Evenwhen a brief subtle muscle
contraction a-::tivatesA_Jata"’%lj.ﬁff‘isufﬁciént level to produce noticeable joint movement.
Transient signals pLga%,gbod mem_&ry of joint pesition may serve well to provide
information about pcsyiinpf a joint (Clark and Horch 1986)

£ 1 e

{4

Articular Machanmacgﬁtap A -

/u ¢4

Mechanorecsiﬁm Iocatﬂd In,*tpe capsule of joint, ligament and any intra-
articular structures also. ﬁmduca pmpﬁ@pﬂve signals (Schutte and Happel 1990).
corpuscle and GTD-Itka nnrpuscla are Gﬂrﬁldﬂf&‘i ‘lmé '|articular mechanoreceptors
while free newe*ef“dlngs are considered “pain ramntos“ (Newton 1982). Table 2.2

summarises the general anatomical charactenstics and actions of each type of articular

mechanoreceptors.



Ruffini Pacinian Golgi Tendon Free Nerve
Corpuscle Corpuscle Organ-like Ending
Corpascle
Sensory Unit s myelinated s myelinated + myelinated o thinky
parent axon parent axon and parent axon and myelinated
and 2-6 1-5 corpuscles 1 corpuscle parent axon and
corpuscles terminal endings
Sensory s prouplandll < group Il e group I +« group I and IV
Innervation
Adapting Rate s slowly o rapidly adapting « slowlyadapting e« slowly adapting
adapting
Threshold To = low s low s high » high
Activation
Activation s stretch ®  compression *  iransverse =  poxious stimuli
compression =  deep pressure

Table 2.2 The general @natomical characteristics and actions of each type of articular
mechanoreceptors. (Grigg and Hoffman 1982, Newton 1982, Schaible and Schmidt
1983, Zimny 1988)

The slowly adapting recéptors, which consist of Ruffini corpuscles and GTO
like corpuscle; have the potential fo convey information about joint position. The rapidly
adapting receptors, signaifiig joinl movement, are Pacinian corpuscles. Articular
mechanoreceptors are presumed to_be able to provide-information about joint position
and movement to the CNS. As a result, articular mechanoreceptors may play an
important role in transmitting any stress on the capsule-ligament structures as a joint

reaches its extremes of movement (Guanche et al 2000).
Cutaneous Mechanoreceptors

There are two types of skin.mechanorecéptors, hairy 'skin and hairless one.
The hair-follicle receptors, tactile disks, Ruffini endings and Pacinian corpuscles are
identified in hairy skin (Carpenter 1990, Schimdt 1986). Their anatomical characteristics
and actions are summarised in Table 2.3. Hairy skin where a few free nerve endings
located mainly in, are sensitive to touch and pressure as well (Hamann 1995, Schmidt

1986).
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Hair-follicle Tactile Disks Ruffini Ending Pacininn
Receptors Corpuscle
Type rapidly adapting * slowly adapting SAtype Il FAtype Il
(FA) type I (BA) typel
Location inthe papillae = lie in small in the corium in the fatty
of the corium groups in the of the skin tissue of
lowest layers of subcutaneous
oo it .
cpidermis :I'::
Receptive Field large = small large large
Sensory A-beta * A-betn A-betn A-beta
Innervation
Threshold To low  high high low
Activation
Activation movement of *  movement of stretching of rapid
wvery light objects on the the skin movement of
‘objects over the surface of the pressure the skin
skin * initial contact touch pressure
low-frequency with the body
vibration s __pressure

Table 2.3 Anatomical characleristics and actions of each type of cutaneous
mechanoreceptors. (Guyton and I-Ia[1 996, Schmidt 1986, Shepherd 1994)

In hairless or glabrous skin, four types of mechanoreceptors are identified,
namely the MeisSner's corpuscles, Merkel's disks, “Roffini ending and Pacinian
corpuscles (Carpénter 1990, Schmidt 1986). The Meissner's corpuscles and Merkel's
disks in hairless skin are similar to the hair-follicle receptors and tactile disks in hairy
skin respectively (Schmidt 1986} The glabrods skin of the human hand has high
density of mechanoreceptors,- However, no information exists regarding the density of
cutaneous_mechanoreceptors in any other skin areas (Schmidt 1986). Cutaneous
mechangraceptors are both slowly and-rapidly adapting receptors, which are capable

of signaling information about joint pesition and movement.
Physiology of Mechanoreceptors

The contribution of muscle, arlicular and cutaneous mechanoreceptors on
proprioception is explored. According to neurophysiological and psychophysical

evidence, afferent signals from muscle, articular and cutaneous mechanoreceptors can
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reach the cortical centres. There are reports on the occurrence of cerebral potentials
following the stimulation of muscle, arlicular and cutaneous mechanoreceptors
(Amassian and Berlin 1958, Faccini et al 1990, Gandevia and Burke 1988, Nakanishi et
al 1973, Oscarsson and Rosen 1963, Phillips et al 1971, Pitman et al 1992, Restuccia et
al 1999, Tibone et al 1997). Nevertheless physiologists still discuss the role of muscle,
articular and cutaneous mechanoreceptors in signaling position and movement sense is
still a source of ongoing debate among physiologist. In 1900, Sherrington suggested
sensation that involves the awareness of joint position and movement, coming mainly
from muscle receptors and some contribulionsfrom joint and skin receptors. In the mid-
twentieth century, According.te-an eiéctmphysiolngicat recording of articular receptors
‘responses during movementimposed an joints, the concept of articular receptors as a
main source signaling pmﬁ:ﬁmaptivé information was favoured (Boyd and Roberts
1953, Gelfan and Carter 1967, Merton 1964 Provins 1958, Skoglund 1956). In the early
1970s many neurophysiological exn-enrﬁents convingingly supported, the role of muscle
receptors, as important gontributors to n'opnmepﬂve sensation, especially the muscle
spindles (Clark et al 1\935 Cmalw 19?? Guodwm et al 1972, Matthews and Simmons

1974, McCloskey et al 1§BSJ, The currer W is that, at most joint, mechanoreceptors
from muscles, joint and skin are all consl#gf}gg-_m be candidates for providing the CNS
with proprioceptive information (Gandevia 1996, Grgg 1994, McCloskey 1995).
Mevertheless, hr.m"r each types of mmﬂnm'-'-&nntﬁbut&ﬁ to each type of
proprioception (position and movement sense) s still an unresolved issue

(Janwantanakul 2001).
Contribution of Skeletal Muscle Mechanoreceptors

Muscle mechanareceptors. refer to the muscle spindies, which detect changes
and the rate of change in length of a muscle, and GTOs, which detect degree and rate
of change of tension in tendon (Crow 1997). The primary and secondary ending are
stimulated then generate neural signals as the receptor site of muscle spindle is
stretched. "Static response” of muscle spindles continues to transmit their impulses for
as long as the receptors themselves remain stretched. Consequently, the number and

frequency of discharges increase almost linearly in proportion to the degree of stretch of
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spindles at any moment (Carpenter 1990, McCloskey 1987, Vallbo 1974a). The primary
endings in the muscle spindles are powerfully excited because they response to a rate
of change in the spindle length. As long as the spindles length increases, the primary
ending generates impulses at a high rate. When the rate of impulse discharge returns
to the level of the static response, the lengthening ceases (Carpenter 1990, Vallbo
1974a). This effect is called the “dynamic response” of muscle spindles (Carpenter
1990, Matthews 1988). As a result of their neurophysiological properties, the muscle
spindles are believed to be suitable candidates to signal both position and movement

sense,

The GTOs'&l50 have both static and dynamic responses. When the tendon
fibre tension suddenly increases the GTOs generate impulses. Their discharge settles
down to a lowerlevel as soon, as ihe tendon fibre tension has stopped increasing
(Guyton and Hall 1996). lm:reaalngfnn the tension of tendon fibres during muscle
contraction help the G‘!‘Ds be stfmuk-lted more effectively then than slow passive
stretching (Gandevia 1996, Moore 1564 Stephens et al 1975, Stuart et al 1970). In
other word, the GTOs. are sensitive tﬁw;hangﬂs in contractile force (Jami 1992).
Accordingly, the GTOs are believed to have ; predominant role in signaling the sense of
force or load, particularly that pmducedby contractile elements (Clark and Horch 1986,

Gandevia 1996, Matthews 1988, Proske et al 2000, Rymer and D'Almeida 1980).

To summarize, there are several experiments that support the importance of
muscle mechanoreceptors, ~especially the— muscle spindles, in subserving
proprioceptive information, beth- position and movement sense. First, stimulation of
muscle mechanoreceptors by méchanical pully vibration or “electrical stimulation
induced the illusion.of joint-pesition-and movement. ' Second, proprioceptive acuity is
reduced after the elimination of the contribution from muscles receptors by nerve block.
Third, tightening the muscle acting on the joint improves proprioceptive acuity. Last but
not least, the awareness of joint position and movement still remains after the elimination
of inputs from articular and cutaneous mechanoreceptors. The CNS relies on
proprioceptive information from the lengthening or antagonistic muscles in order to

detect joint position and movement (Janwantanakul 2001).
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Contribution of Articular Mechanoreceptors

Electrophysiological studies which observed discharges from articular
mechanoreceptors during movement at various joints in animals as well as finger joints
in human have showed that when a tested joint was moved towards the end ROM,
articular mechanoreceptors were primarily activated (Baxendale and Ferrell 1983, Burke
et al 1988, Clark et al 1989, Ferrell et al 1986, Tracey 1979). According to Rossi and
Grigg (1982), the discharge of hip joint afferents in the cat's posterior articular nerve
(PAN) and medial articular nerve (MAN), Therecord show slowly adapting receptors in
the capsule of the hip joint enly discharged when the joint was rotated into its limit of
movement. However, few swalesfalso reported ‘activities of joint receptors in the
intermediate ROM-(Baxendale and Ferrell 1983, Ferrell 1980). In Ferrell (1980), the
discharge of kneeffointafiergnts, in ﬁnq cat's PAN noted that during movement of the
knee joint at the intermediate. ROM, a&.mall number of slowly adapting joint receptaors
were activated tonically. As a result, d}@ﬁargas recorded at the intermediate ROM are

considered likely to be derived from the muscle spindles.
i .11

In conclusion, ariGular mecl*?équceptcrs, which are excited by tension
created in the joint capsule and Iigamefj—f:@;;haye the potential to signal proprioceptive
information when a joint approaches the limit of h}_ﬁvemanl. Nonetheless, the
contribution of jnmt mechanorecepiors to proprioception, both position and movement
sense, is not entirely clear, largely due to the inability to isolate articular from cutaneous
afferent inputs. However,.it is shawn the combination of articular and cutaneous afferent
inputs can (provide information about joint position, especially near the extremes of
movement. In addition, there is evidence suggesting that articular-afferent inputs alone

can'signal movement sense (Janwantanakul 2001).
Conftribution of Cutaneous Mechanoreceptors

It has been long known that cutaneous mechanoreceptors have an
exteroceptive role (touch, light touch, pressure-touch, pain and temperature). The skin

is stretched on one side of the joint, and compressed or folded on the other, when a
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joint is moved. This may lead to stimulation of mechanoreceptors lying in cutaneous

tissue (Carpenter 1990, Clark and Horch 1986, Grigg 1994, Schmidt 1986).

Electrophysiological studies demonstrated that the sensation of vibration,
pressure and stress are induced by electrical stimulation of single cutaneous afferents
from the glabrous skin of the hand (Macefield et al 1990, Vallbo et al 1984). During
passive and active movements of the fingers, cutaneous mechanoreceptors of the
human hand discharged (Burke et al 1988, Edin 1992, Edin and Abbs 1991, Hulliger et
al 1979). This discharge response from uux&naﬂus afferents during movement has also
been reported to be sustained during stalie eonditions. From Hulliger et al (1979)
observation, when ﬂ'-aﬁhgar joint mﬁs held in varous physiological joint positions,
discharges in cutaneous afferents fn"?m glabrous skin. Slowly adapting receptors
sampled in the study"denwe these dlscharges predominantly. Edin (1992) discharges in
cutaneous afferents imlm the back of thavhand while the skin was stretched in a manner
similar to the normally oceurs during nkbvémants of the MPC joint of the index finger
were observed. In Eﬂn {1992} cumm.‘ta mechanoreceptors, particularly Ruffini
endings (slowly adaphng mcepmm} rasﬁ:ﬂded prominently at first stretch, and then
lowered their response to a 3u5ia-lnad dmharga level when the skin was held in the

..'a,
U

stretched pOSll!Dﬁ

In sumn'leaﬂ:!,nr cutaneous mactumracepmls playan important role in signaling
proprioception. Based on electrophysiological studies, during movements some

particularly slowly adapting receptors most cutaneous mechanoreceptors are activated
and responsé\fo static joint positioning. Recently, the perception of joint position and
movement are produce by electrical-or mechanical. stimulation of the skin around and
over‘the finger jéints:  Proprigceptive acuity is improved by the application of type or
brace, which is believed to be the result of enhanced cutaneous afferent inputs from an

excessive skin stretching and/or compression (Janwantanakul 2001).
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Factors Affecting Proprioception

Factors that may affect proprioceptive acuity at a test joint must be named and
also controlled both when recruiting subjects and in the experiment. Failure to control
factors potentially affecting proprioception may lead to a confounded outcome which, in

turn, is a threat to the internal validity of the study (Janwantanakul 2001).

1. Joint Hypermobility

General ligamentous laxity resulting in an increased ROM is called “joint
hypermobility” or “laxity™ (Mallik et al 1984). Joint hypermobility is associated with
hereditary connective tisste symlmniés. for example Ehlers-Danlos Syndrome, Familial
Articular Hypermobility Syndromes, | Marfan's Syndrome, osteogenesis imperfecta,
Larsen Syndrome, B'eépuqm‘is' isyrncé'oma. skeletal dysplasia with predominant joint
laxity, and dwarfingyﬂyg.p'laéia‘ with vﬁﬂ‘able joint laxity (Beighton et al 1989). The
Beighton scoring systai‘h wlhe most Gﬂ;}ﬂﬂ:l;nn scoring system, ROM, using in evaluating
the joint hypermobility {,ﬁbigﬁtmﬁ»al 1§%3}.<

o ¥ /N
Joint hypermobility, ras. been dﬁmtratad to affect proprioception at various

joints (Barrack et al 1983a, Hall et al 19‘§%:Lﬂallik et al 1994). Two hypotheses have
been proposed for decreased proprioceptive acuity -Iﬂ"a hypermobile joint. First, a
hypermaobile joint. fﬁay possess defects in the cansuia-llbamenmus structures and a
decrease in muscle tone leading to a disruption of proprioceptive signals into the CNS
(Allegrucci et al 1995, Hall et al 1995, Mallik et al 1994). Second, in proprioceptive
testing, hypermebile joints have more reduce lissue tension and, consequently, a
decrease in proprioceptive signal than those of nen-hypermobile joint at the end ROM
(Allegrucci et al 1995, Blasier et al 1994, Mallik et al 1394),

2. Age

On proprioceptive acuity, they are two stages of the effect of age. To begin
with, before reaching maturity, there is an ongoing development of the nervous system.
Therefore, proprioceptive acuity, which is mediated through the nervous system, could

be hypothesized to change with progressive development. Ashton-Miller et al (1992)
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investigated trunk proprioception in subjects with ages ranging from 7-18 years using
the repositioning test. They found that with increasing age and were fully matured by
age 15-16 years, trunk proprioception improved progressively. A similar result has
been recently reported by Visser and Geuze (2000) has recently a similar result about

upper limb proprioceptive acuity in boys aged between 5-14 years.

After reaching maturity, sensory impairment such as diminished vision,
hearing, olfaction and taste occurs commonly with aging, which also affects the
somatosensory system. Advancing age-has the potential to affect the function of
mechanoreceptors situated in neural tissues, muscles, skin and joint structures, thereby
altering proprioceplive acuity. indeéd. a decline in proprioception with increasing age
has been shown inWarigus joints (Attfield et al 1996, Ashton-Miller 2000, Barrack et al
1983c, Barrett et al*‘l"é‘é@];?ﬂﬂll et afj?“&?. Hearn et al 1989, Hurley et al 1998, Kaplan
et al 1985, Lord ang-wgyd 1994, Pai aLal 1997, Petrella et al 1997, Skinner et al 1984).

There is am&aard'l suppnrﬁr[g tha effect of aging on proprioception, showed
proprioceptive deterioration in. nsteoa@mtlc (OA) joints, a condition which occurs
commonly in the BldeHyTBa_[racR et al ‘[QE?‘Q‘ Barrett et al 1991, Garsden and Bullock-
Saxton 1999, Hurley et al 199?&(01*8!&?%’“ Engh 2000, Marks et al 1993, Sharma
et al 1997). To explain pmpﬂocepﬂve impairment in the OA joint, several hypotheses
have been prmad Pmpﬂoceptlve dﬂﬂﬂit in the OA joint may be a result of
destruction of articular receptors in joint structures (Barrack et al 1983c) or may be due
to laxity of the joint capsule and.ligaments caused by loss of cartilage and bone height
(Barrett et al\1991). Another hypothesis has aftributed proprioceptive impairment in the
OA joint to a decline in muscle spindle sensitivity-(Hurley et al 1997). This hypothesis
proposes, that abnormal sensary inputs 16 the CNS which, in tum, inhibit - and Y-
motoneurone activation may come from articular damage, which is result of muscle
weakness and poor proprioceptive acuity. This phenomenon would result in muscle
weakness and poor proprioceplive acuity, respectively. In summary, previous studies is

that aging point out likely to have a significant effect on proprioception.



3. Hand Dominance

The right and left sides of the brain stem and spinal cord control physical
asymmetry between the right and left hemispheres (Koff et al a986). The specialization
between the right and left limb may come from asymmetry of the CNS. The right side of
the body is controlled from the left hemisphere, which is superior of complex motor
operation such as speech, fine temporo-sequential motor activities. The left side of
body controlled from the right hemisphere, which is superior for the processing of visuo-
spatial-perceptual information (Bradshaw and Nettleton 1983, Tucker and Williamson
1984). Shimoyama ef al 1950, ToQgtandeprla 1980, Van Emden 15394 showed the
example, performange of a simple rhotor task sueh as fast tapping is superior with the
right limb than with.the left fimb: .}

:
No differencé in' proprioceptive acuity between the right and left limbs has

et

been found in the previous studies;

)
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4. Ethnicity V&)

e /;"4

The lrammissk}n,__pfﬁpertias of the nervous system are not affected by
difference in ethnic backg[ﬂll,_l,ﬁﬂs.. Fm‘%@g. there is no difference has been found
in the nerve cqﬁt}ucﬁun velocity bat'menblack and wﬁi__lﬂ subjects (Buschbacher and
Koch 1999). As‘a result, before a final cmclua’inﬂt.mg‘arding the effect of ethnicity,

research involving a large sample size is required.
5. Gender

Some controversy remains whether gender affects proprioceptive acuity and
evidence, for the effect of gender on pmpﬁncapti’ve acuity is farfrom conclusive. No
difference from several previous proprioceptive studies at the knee joint were reported
in proprioception between males and females (Barrack et al 1984, Barrett et al 1991,
Friden et al 1996, Hall et al 1995, Jerosch et al 1996a). Therefore, the effect of gender

of proprioception still remains to be elucidated.
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6. Exercise

A number of researchers in various groups of athletes have examined the
effect of regular exercise on proprioception. Several studies have reported
enhancement of knee proprioceptive acuity in athletes or following regular exercises
{Euzet and Gahery 1995, Lephart et al 1996, Petrella et al 1997). In Petrella et al
{1997), an improvement in knee propriocception, measured by the repositioning test, in
active elderly subjects compared with sedentary controls has been found. Their
findings of greater proprioceptive acuity following exercise to a number of factors have
been altributed. First, compelitive athletes with innate superior proprioception may be
selected (Allegrucci-et al 1995, Euzet and Gahery 1695, Lephart et al 1996). Second,
exercise causes not only short-term adaptations of contraction muscles, which the
muscle spindies ahd GTOS may be more excitable to stretching following exercise
(Hutton and Atwater 1992), bulalsnga‘ long-term, which may allow the development
(hypertrophy) of extrafusal as well Eﬁ‘lﬁ}réfuﬁal muscle fibres (Euzet and Gahery 1995,
Maier et al 1972). Last but not least, Aﬁmmmmcular may be enchancement exercise.
The neuromuscular confrol vig both cemral and peripheral mechanisms may lead to
improvement in neurosensory ﬂamway&{l':*nzet and Gahery 1995, Lephart et al 1996,

Petrella et al 1997). e
7. Muscle Fatigue

Muscle fatigue is a reduction of muscle force or power that occurs with
exercise (Taylor-et.al 2000). . A.pumber. of simultaneous, mechanisms, causing fatigue
include: the 'CNS drive- to” motor” neurons;- neuromuscular propagation, excitation-

contraction Gaupling and the-availability. of metabelic-subsirates

There are investigations of the effect of muscle fatigue on at various joints.
Deterioration of proprioceptive acuity following fatiguing contractions have been
reported in a number of experiments (Lattanzio et al 1997, Marks 1994, Skinner et al
1986a, Taimela et al 1999), although some studies have not found such a change
(Marks and Quinney 1993, Sharpe and Miles 1993). Variation in the findings may partly
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lead to the difference of proprioceptive tests used, fatigue protocol, joint tasted and

sample size.

To explain the effect of muscle fatigue on proprioception, a number of
hypotheses have been used forward in an attempt. Not only are the contractile
elements of muscles but also intramuscular receptors that lie within the fatigued muscle
possibly affected by muscle fatigue. Fatigue has been shown to cause a reduction in
muscle spindle discharge and a decling in responsiveness to stretch of GTOs (Hutton

and Nelson 1986, Macefield et al 1991).

Fatigue may cause the dé;;ensiﬁzaﬁﬂn of intramuscular receptors to muscle
tension is another hypethesis for a decrease in discharges from intramuscular receptors
after fatigue. Consequently, intranmécular receptors may become less sensitive to the
stimuli; this may lead o a deweasa in discharges from intramuscular receptors

(Lattanzio et al 1997, Voight et al 199&}

[

Fatigue, followed with- prnpﬁmepﬂva impairment also may relate to increased
joint laxity. Muscle fatigue has been sﬁ-hﬁrn to increase joint laxity (Sakai et al 1992,
Skinner et al 1986b, Weisman &t al 198%’Cﬂntmi fatigue" or changes within the CNS
are also caused by fafigue and defined a as a failure of voluntary activation of muscle,
thereby decreasing maximal voluntary force or power (Gandevia et al 1995). Changes
within the CNS due to fatigue can occur at multiple levels in the motor pathway,

including supraspinal and spinal levels.

8. Joint Pathology
8.1 Damage to mechanoreceplor sites

Both joint structures (capsule and ligaments) and muscles around the joint
may be damaged by pathology to a joint. Afferent discharges from damaged structures
may be altered and/or interrupted, possibly resulting in proprioceptive disturbance. It
has been clearly demonstrated in previous works that at several joints pathologies were

associated with proprioceptive deficits.
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A relationship between joint instability and proprioceptive deficit has been
proposed in the literature (Figure 2.3). Mechanical instability is the result of traumatic or

repetitive injury to passive retrains (joint capsule and ligaments).

.—F’“w‘-‘.

Mechanical Instability
Damage to Mechagoree: phors 1 Dynamic Stabilisieg System

2 ¥

+ Newromuseular Control - Propricceptive Deficil - Muscle Fatigue
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Figure 2.4 Paradigm diepicting the relationship of instability and proprioceptive
impairment (modifier from Lephart and Henry 1992)

8.2 Conditions associated with joint pathology

Joint pathelogy-is commonly-associated with pain, inflammation, effusion and
joint immobilization, which may cause changes in the somatosensory system, both
peripherally and centrally. A painful condition may lead to altered movement patterns
which in turn may result_in_altered proprioceptive input_into the CNS. In normal
circumstances, inflammalion often accompanies‘pain. It has been demonstrated that
inflammation and pain cause changes in.the proprioceptive system as well (Mense and
Skeppar 1991, Schaible and Schmidt 1985, Yamashita et al 1993).
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8.3 Changes in neural tissue

Joint pathology may also alter nerve conduction velocity. In Nitz et al (1985),
a high incidence of peroneal and posterior tibial neurapraxia (causing local conduction
block) in grade |ll ankle sprains was recorded. Kleinrensink et al (1994) also found that
deep and superficial peroneal nerve conduction velocity was slower following grade |l
or Il inversion ankle sprain at 4 o 8 days post-injury. MNeural traction during injury and
ankle effusion after injury were attributed in these findings. The outcome of the
proprioceptive tests may be affected by dlteration of nerve conduction velocity following

pathology. 4

According to«Grigg (1994), when the normal ankle joint is moved, its
associated Iigamentﬁﬁﬁ'n;ﬁa’ﬁmde, nillsdaﬂ, tendons and skin deform, thus activating
populations of sensony nedrans located in these fissues. Provided cortical pathways
are intact, the ensuring sensary. or ;w%ﬁupeﬁive input are implicated in mediating the
cognitive experiences uf ankle joint mbtlnn andlor joint position that influence joint
function. The excitation of pmﬁﬁmemér/afn the ankie joint tissues is also thought to

evoke reflex responses at the brainstem ,{Epi'nal cord levels, which protect the joint.
Hence, an ankle injury, 1.»«111'-:.:.;t'pﬂ'iﬁ},ir -imulﬁp?ﬂ@gge to one or more joint tissues and their
sensory receptors, may not only have the potential fnr=5,impaiﬁng the precision of joint
motion and/or jeint position mmﬂ:llityjnt also ft—:rl--lﬁﬂuencing reflexly mediated
protective neuron reésponses. Boyle and Negus (1988) studied proprioception in 25
subjects with recurrent ankle sprains compare to-67 uninjured subjects. Proprioception
tested was/ using pedal goniometer. - They were found greater errors passive
repositional sense in the injured group, and active-position sense at.30 percent position
was’ also worse in injureéd groups.  Glencross and Thomton (1981) studied 24 subjects
(age<25 years old) with history ankle injury of at least 8 month duration, subject were
devided to 3 groups on basis of severity, and compared to 9 healthy subjects.
Goniometer measured proprioception in this study. There was a linear trend between
the degree of injury error of repositional sense and range of motion. The injured group
showed better positional sense compare to unaffected side. The error was greatest for

the most severely injured group. Gross (1987) measured positional sense by cybex ||
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isokinetic dynamometer in 14 subjects with unilateral ankle sprain were compared to
subjects with “normal” ankle. He found no significant differences. 23 subjects, median
aged 29 years (22-37 years), scheduled for ankle stabilizing operations studied and
compared to none injured controls by Konradsen and Magnusson (2000). They
measured by using torsion goniometer. The result showed that the absolute error was
significantly greater for the affected ankle in the unstable group compared to the control
group. But, numerically this difference was less than 1 degree. Bullock and Saxton
(1995) found that the stance time on the injured leg was 5.7second less on the injured
side than on the uninjured side in 20 men with unilateral ankle injuries compared to 11
healthy men. Payne et al (1897) Sfudiad 31 female and 11 male basketball players'
ages 18-22 years with no ankle injury history. They used biodex isokinetic
dynamometer for joint m&ammmanl. The result showed that ankle position sense
deficits could predict/@nkle injury and ‘ﬁghl inversion proprioception was better in the
injured than the unmp.uEd subjects Arn S. N. Fu et al (2005) studied 20 healthy male
basketball players/and 19 rnala basl{etbarl players who had suffered bilateral ankle
sprains within the past 2 yBars The)r fn(md ankle repositioning errors and postural sway
in stance increased in baskgtbaﬂ plamr,s;‘,}gmth multiple ankle sprains. A positive
relationship was found between tmﬁ;ﬁ_{iab!ﬁ. Willems et al (2002) studied
proprioception loss in 87 patients who had al'lklas;xain{-u male and 43 female, median
age 18 years). They measured pmpﬁocahtim by hin&mr’isnkinatic dynamometer. They
found that ankle instability groups had decreased positional sense and eversion muscle
groups had decreased strength-when compared.with control groups.

Ankle instability may caused by proprioceptive loss. Ankle instability occurred
after reciirent ankle, sprain-and, it affected)te-beth systems-of ankle jeint, it has been
considered to be the mechanical instability and functional instability.

Ryan (1994) found that functional instability (FI) of the ankle joint or a tendency
for the foot to repeatedly sprain or give way, was as a late complication of between 10%
and 30% of acute ankle sprains. Caulfield (2000) found the associated between
disordered strength of ankle musculature, decreased proprioception, less of balance

and ligamentous laxity. Freeman et al (1965) postulated that functional instability could
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result from delayed reflex responses to stress on ankle ligaments as a result of damage
to ankle joint receptors at the time of the initial injury. Konradsen et al (1997) found that
dynamic control of ankle stability is achieved by feed-forward mechanism of the central

nervous system rather than by means of feedback affected by peripheral reflexes.

After ankle injury and ankle instability if the patient did not have correct
rehabilitation, the instability would lead to repeated ankle sprain, called “recurrent ankle
sprain”. Proprioceptive training is necessary for rehabilitation program in ankle sprain
which has the ankle instability. Proprioceptive training may be different up to
researchers. However, the resuit of training is Usually measured in 3 methods. The first
method is Joint Position Sense which ?Ais measured emors of position in ankle joint; active
joint position sense and’passive julyt position sense. The second one is muscle
reaction time. It was measured by electromyography when muscles were activated.
The third one is pgsturaf sway. it ta&.ted standing balance, composed of the visual

input, vestibular input@nd somatosensory.

Tropp et al (1985) demnstral—%!‘ﬂu% improvement of stabilometry and also
reduced injury rate in previously 65 inﬁzﬁ@cce&r players given a 10-weeks treatment
program with ankle disk trajnn)gumen cc?n}gmd with control group, without ankle disk
training. Wester_ et al (1996) studied effected of ﬁ'gbb!e board training. They

demonstrated the reduction injury of by 50% in intervention group when compared with

control group. Gauffin et al (1988) reported effect of ankle disk training on postural
control in patients with functional instability of the ankle joint. The researcher found
increased postural sway in_men with functional instability. The researcher found
improvement of postural control after ankle disk-training as shewn by stabilometry.
Berniier and Perin (1998) studied determiried the gffects of a 6-week coordination and
balance training program on proprioception of subjects with functional ankle instability.
The result suggested that balance and coordination training can improve some
measures of postural sway. It is still unclear if joint position sense can be improved in
the functionally unstable ankle. Julie N. Bemier et al (1998) studied effected of
proprioceptive training and balance coordination training in ankle instability group for 6-

weeks. The researcher found improved proprioception and decreased postural sway.
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Eils E. And Rosenbaum D. (2001) investigated the effects of a 6-wk multi-station
proprioceptive exercise program in 30 patients with chronic ankle instability with 48
unstable feet. The result suggested that a multi-station proprioceptive exercise program
can be recommended for prevention and rehabilitation of recurrent ankle inversion
injuries. Sheth P. et al (1997) investigated the effects of ankle disk training on the
contraction pattern of the anterior tibialis, posterior tibialis, peroneus longus. and flexor
digitorum longus muscles in a simulated ankle sprain. The experimental group
underwent ankle disk training for 8 weeks between the pretraining and posttraining
tests. In the pretraining test, four muscles started to contract simultaneously. In the
posttraining test, the contraclions nf the anterior and posterior libialis muscles were
delayed. The resu!_[_g,,max -explain t:ahy such training can help protect against ankle
sprains. Osborne MD: et al {2[]01} sﬂldiaﬁ whether 8 weeks of ankle disk training alters
ankle muscle onset Iatency of pauems with a history of lateral ankle sprain. Ankle
inversion perturbaﬂnnamunltm‘ed by ﬂmwm electromyography were performed in four
lower extremity muscleﬂarﬂemr tibia!ﬁ;.“pustanur tibialis, peroneus longus, and flexor
digitorum longus) of all gubjet:ls on b?h}he injured (experimental) and noninjured
(control) legs. These rnﬂmgs :ndlcata :iu;ﬂms;cfe onset latency decreases in specific
al (2005) assaasad the outcome of physrcal Iharapy baﬁad on both subjective patient's
satisfaction and- dbjective measurement of pamneal réaction time in patients with
chronic ankle in a 6 week-long program with muscle strengthening and coordination

exercises. They found decreased reaction time in.peroneal muscle group.



Ground reaction force
1. Ground reaction force

For every action, according to Newton's 3rd Law of Motion (Law of Reaction) is
an equal and opposite reaction. Due to the gravity, we constantly maintain contact with
the ground, and in this process, there occur interactions between the body and the
ground. The reaction force supplied by the ground is specifically called the ground
reaction force (GRF), which is basically the reaction to the force the body exerts on the
ground. The GRF, along with the weight, i€ an'important extemal force. The GRF is

normally measured by a force-plate. J

Figure 2.5a shows the reference frame of the force-plate, with the Z- axis
being the vertical, The mferacﬁon new-rean the body and the ground occurs through the
foot as shown in F@iree 2.5b, wt}tch ghnws the reaction force vectors acting on small
areas. A force-plate normally 'hars fnuélrf -axial force sensors embedded that measure
the force acting between the foof . am the ground in 3 axes: transverse (X),
anteroposterior (Y), anr:l vemm& (2). Fm'a 2.5c show the 4 reaction force vectors
measured by the sensors. Tl'ﬂsum of alEtﬁﬂ'{rﬁacanﬁ from the ground shown in Figure
2.5b is equivalent to the sum of the fuur-frfr‘caé‘maaaured by the sensors (F,, F,, F,, &

F,) shown in Figurp_irﬁa.- Mmmwm system (c).

Figure 2.5d shows a single force, F (F, + F, + F, + F,), and a torque, T,. F
here is the ground reaction force. T, shown in the figure is the so-called free torque and
has the vertical (Z) component only./ The frée torque is caused by the coupling effects
of the forces about the vertical axis. System (d)-F + T, is agairuequivalent to system
(c)o\The ground reaction force has three components: F; F, & F.. Among these, F is
alon'g the direction of the motion which reflects the propulsive or braking force. F,
always thrusts the body upward (Young-Hoo Kwon 1998).
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| Figumz,ﬁ E:ﬁmn-rme force-plate

2. Center of Pressure fGRF Ap;ﬂtcahﬂn&’ﬂ?nt}

/‘a

As shown in Figure 2 5, all the fi jorcas acling between the foot and the ground
can be summed to yield a, mngl& gruurxf wcﬁnn force vector (F) and a free torque

vector (T,). The point of apr;l‘m!uan aﬁhﬁ ¥ ground reaction force on the plate is the
center of pressura {CF'} All the small reacﬂm fmnaacoilectweiy exert on the surface of

the plate at the ELP {Young—l-lno Kwon 1998). N J

3. Plate Padding

When ore adds a pad to the surface of the plate, the CP coordinates need to
be corected. Figure 2.6 shows the relationship between the force plate reference
frame (X'Y'Z' system) and the pad reference frame (XYZ systém). - F is the ground
reaction force vector. Note that the coordinate system used in the figure is reaction-
oriented rather than action-oriented. The Y axis is the direction of motion (Young-Hoo
Kwon 1998).



4 Pad surface

Figure 2.6 Plate Padding

v

Point P shown in-the figure is where the GRF is applied to the plate. In other
words, the CP coordinates reported 'F'f the force plate software is the coordinates of
point P in the X'¥'Z' syStem, But if-inp investigator wants to use the pad reference
frame (XYZ system), 'the cwdinates cf*pt}int P in the XYZ system must be obtained as
the CP coordinates. singe the pad plarﬁe is where the interaction between the body and
the environment occurs, lt is ﬁkety thal’> one wanlts to use the pad reference frame
instead of the plate referﬂn::e frame. FeéEF; is the intersection of vector F and the pad

surface. Since points P and Pare on thscﬂﬂe of action of vector F, using P instead of P
as the CP does not affect the moment producad by F {Ynung-Hoo Kwon 1998).

There are numerous factors and macharihms.;ﬂ‘ia’t are thought to contribute to
this increased ankle sprain occurrence (Lentell et al. 1995). One of these factors is the
inability to accurately position the. foot prior to teuchdown. Once the foot has touched
the ground in a.potential ankle sprain Situation, it is questionable whether the ankle
pronating_muscles can react qui-::kly enough to~prevent an injury-causing excessive
supination (Isakov et al. 1986)., However, the position of the foot as it “first touches the
ground may influence the sprain frequency. If the foot is already supinated at
touchdown, the ground reaction force moment arm about the subtalar joint may be
greater, causing excessive supination (Figure 2.7). Furthermore, if the foot is
plantarflexed at touchdown, it may also increase the ground reaction force moment arm

about the subtalar joint (Figure 2.8) (Barrett and Bilisko 1995, Shapiro et al. 1994). This
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inappropriate foot positioning prior to touchdown has been hypothesized to be a

fundamental cause of ankle sprains

ground ground

nreaction reaction

force force
subdalar subtalar
ANLE aAxIN
moment moment
arm anm

Figure 2.7 A view of the foot and aniﬂa from behind at touchdown when performing a

cutting or side-shuffle.movement. The moment arm of the ground reaction force about
the subtalar joint when thefootis fiat (left) is much smaller than the moment arm when

the foot is supinated (right).

Figure 2.8 A view of the foot-and ankle in the sagittal plane at touchdown when
performing\a cutting or side-shuffle movement. The moment arm of the horizontal
component of the ground reactionforce about thessubtalar joint when first contact is
made with the heel (left) is much smaller than the moment arm-when the foot is

plantarflexed and first contact is made at the toe (right).

Caulfield B. and Garrett M. (2004) observed changes in ground reaction force
during jump landing in subjects with functional instability of the ankle joint. Fourteen
subjects with unstable ankles and 10 age, sex and activity matched controls performed

five single leg jumps onto a force platform whilst ground reaction forces were sampled.
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The disordered force patiemns observed in subjects with functional instability are likely lo
result in repeated injury due to significant increase in stress on ankle joint structures
during jump landing. They suggested that subjects are most likely to result from deficits
in feed-forward motor control. Nyska M. et al (2003) examined changes in the pattern
of force transfer between the foot and the floor associated with chronically sprained
ankles by measuring the peak forces and their timing under several regions of the feet
during level walking. Twelve young male subjects with recurrent ankle sprains were
studied. Twelve healthy men served as mmmi group. In patients with chronic ankle
instability, there was a slowing down of wéight"hansfer from heel strike to toe off, a
reduced impact at the begianing aﬁ?;)l end of the stance phase, and a lateral shift of
body weight. Becker HP! et-al (1996) studied patients with longstanding chronic ankle
instability to demunst;;té' whether dyn;i\rnic measurement of plantar pressure distribution
could identify patients wﬂn functional ankie instability. Sixty five patients were measured
and calculated mtramdwidumry aumpar\adewith a group of 100 healthy subjects. Plantar
pressure patterns were measured ﬂuﬁng gait using a capacitive platform. Dynamic
measurement of plantﬂr ;i'essum could )dentrhr a group of patients walking on the
lateral side of the unstabie. fﬂﬁl ‘when (fgmﬁar&d with the stable foot. This finding
explained the deficit of pemneal slmngih dunng stance phase based on a

during gait. Thirty females were assigned to a foot -Imding group: toe-out, toe-in or
neutral. Each participant walked 10 trials across a force platform while three-
dimensional ‘motion was capltured. / For toe-outl participants, greater medio-lateral
ground reaction forces of the room-coordinate system indicate éxcessive forces are
genérated by toe-oul padicipants that do not contribute to moving the participant
forward. Furthermore, mediolateral loading on the foot increases proportionally with the

degree of toe-out.

In previous study, patients with ankle instability or abnormal foot would have
abnormal ground reaction force when compared with normal foot. Addition, they had

reaction time less than normal foot,
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The basketball players had ankle instability because of the ankle sprain.
Ankle sprain caused proprioceptive signal deficit and it also caused ground reaction
force which came from jump landing.

These studies showed that proprioceptive training will improve patients
function by decrease rate of the occurrence of ankle instability. We are interested in
applying proprioceptive training for rehabilitation program in injured basketball players

ROUUINBUINT )
RN TAININENAL



CHAPTER IlI

Research Methodology
Research design

This study is an experimental research which aims to examine the effect of

proprioceptive training on basketball players and ankle instability.
Research methodology

Population and Sample .
x
In this study: thetargel population was Thai basketball players who play in
basketball associalion and Have ankle jointinstabilityin age 18-30 years old. The
samples were Thai mékamqll pléigrs ij{u play in the association and have ankle joint-
instability in age 18-30years ﬁd"w,r_;n wéup'i-ecmiting by following the inclusion criteria.
Fi | £d

“ N

Inclusion Criteria

- Being THai- male Il players who play in association and

have experience at I&éﬁtﬁj&ar& |

-

- . Have history of inversion ankle sprain.more than 2 times in 6 month.

s “Have ankle instability or feel give way (Anterior Drawer Test:

positive)
Exclusion Criteria
L Have history of ankle joint fractire o operate of ankle joint
- Have muscles weakness around ankle joint
- Have limit range of movement in ankle joint

- Have pain when move ankle joint
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Sample size

Volunteers were chosen from the basketball association. The volunteers had to

pass the inclusion and exclusion criteria.

Sample size calculation

Sample sizes were calculated from the study of Eils E (2001). They
investigated the effects of a 6wk multi-station proprioceptive exercise program in 30
patients with chronic ankle instability with 48 Unstable feet. In this study, the mean error
of joint position sense before tl'iaininQ was 2.0 + 06 and after was 1.5 + 0.4. And the

sample size was calculated below.

'u,az 0.05 {m-si'égﬁi. Zg=1.96

B =020 jtﬁwsiqié’é‘fzﬁ =1.28

D= differences ofT!ng needed to be test

S,* = s ) S7# (5= 1)S; = (201) (08 + (201) (0.4

n, +n,-2 . 2+20-2
s’= 026 N
Substistuteto n = (1.96 + 1.28)° (0.26)
0.5)°
n = 1092

nvfor each group-will-be 11 persons. To prevent.drop-out rate during the
experimental and detect’ more’ reliability, subjects will add for-more” 10%. So, total

subjects are 12 persons for each group.
Instruments

1. Case record form

2. Information form



3.  Weighing machine (Hae Chang, China)
4.  Altimeter (Figg®)
5. Wabble board (Diameter: 32 cm, Height: 9.5 cm) (Figure 3.7)

. Isokinetic (CYBEX NORM, HUMAC NORM testing & rehabilitation
system, Stoughton, Massachusetts, USA) (Figure 3.1)

7. Force plate size 464 x 508 cm (AMTI's model OR6-5, Advanced
Mechanical Technology Ine., Watertown, MA) (Figure 3.4)

Assessment of the Ability to Perceive Joint Position

The assessment of the a&iii;y to perceive joint position is a test that
quantitatively examines the ab’illty of aﬂ individual to replicate a predetermined (target)
joint position that has been pmmusly' demonstrated termed the “repositioning test".
The repositioning test is generally used t‘b evaluate position sense at various joints, such
as the shoulder, elbow, wrist, hip, knee énd ank{a joints (Beynnon et al 2000, Borsa et
al 1994, Friden et al 1996, Gandevia 1936 'Hogervorst and Brand 1998, Jerosch and
Prymka 1996, Lephart et al 1997, Mcclosl:ey 1978). The testing procedure involves
two separate stepq;‘- ‘First, an examiner presents & target position to a subject. Second,
a subject indicates the joint position perceived (Clark and Horch 1986). In previous
studies, the angular difference (in degrees) between the target and perceived joint

positions has-been normally used-to represent pasition sense-acuity.
Active/passive movement

Active/passive movement refers to the manner by which the limb or body part
is moved to the target and perceived joint positions. For “passive positioning” to a
target position, a limb is usually secured and supported by an apparatus. The relaxed
limb is moved passively from a starting position to a target position either by an
examiner or apparatus at a constant speed. For "active positioning” to a target position,

a subject, instead of an examiner or apparatus, actively moves their limb or body part
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from a starling position to a target position at either a controlled or uncontrolled speed.
A subject moves the limb until either told to stop or a mechanical stop is reached, After
reaching the target position, a subject is asked to remember the position while the limb
is sustained in the position for a period of time. After that, the limb is moved away either
actively or passively from the target position to the either starting position or a random
position. To indicate a perceive position for "passive repositioning”, the limb is
passively moved toward the target position. A subject is then instrumented to inform an
examiner or manipulate a switch to stop amechanical arm when they feel the limb has
regained the target position. For "active répaesitioning”, a subject actively moves the
limb back to the target position (Janwantanakul P. 2001). Lephart et al (1997) claimed
that the repositioning testwilh passive movement maximally evaluates the contribution
of joint mechanoreceptors to’ proprioceptive acuity while the repositioning test with
active movement provides a more functional assessment of proprioceptive acuity.
Functional activities are ‘normally performed with active movement or muscle
contraction. Therefore, (esting with active movement may be more functionally relevant.
However, the statement that testing with passive movement would maximally evaluate
the proprioceptive contribution of joint receptors should be viewed with caution
(Janwantanakul P. 2001).

Figure 3.1 Isokinetic (CYBEX NORM)



Data collected from Force-plate

Force-plate is the instrument for measure force from body action. In this study,
force-plate is AMTI's brand and transducer of force-plate is strain gauge type. It can
measure force in X, Y and Z axis and moment X, Y and Z around axis (Figure 3.4).
Force and moment are stimulating electrical signal from 4 transducers in 4 corners of
plate. Transducer is necessary to calibrate metal plate or its call "Beam"” for data's
collect. Beam is assign to magnitude of force with vary of plate's figures. Beam is

transform to digital signal and transfer to computer or CPU.

Force-plate is eonnecting to computer and analyzed by ELITE System program;
analyze movement, fromedata (Figure 3.2, 3.3). ELITE System program can call data
from force-plate; coordinates X data (Anteroposterior) and coordinates Y data
(Mediolateral), which calculated from ground reaction force of center of pressure (COP)

to display. That is calculating of distance sway and area sway.

Figure 3.2 Camiputer forcollect data

Figure 3.3 Computer analyzed by ELITE System program
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Figure 3.4 Force-plate
Procedure

Twenty-four-Thai male basketball players between the age of 18 and 30 years
were recruited cuncemmg the bEBkEﬂ?ﬂll teams' conclusion criteria from Thai basketball
association. There are divided Mentyvfpur subjects into two groups; twelve subjects’
control and Me!ve.-iut?j\etts" ‘Intawanﬁun group. All received conventional Physical
Therapy program fo 6-weeks, which intervention group underwent supervised wobble
board training. Furthemmore, all received joint position sense test and ground reaction
force measurement occurred before andmmlmng for two sides of ankles.

1. Joint position lest

Experimental were setup for the passive and the active ankle joint repositioning
test. Subjects lay prone, with the ankle in the neutral position of 90° of dorsiflexion and
the forefoot strapped to the footplate of a Cyber Norm dynamometer (Figure 3.5).
Target position was-set as 10°-20° dorsiflexion-and-15%, 30° plantarflexion. The foot
was moved at a constant'speed 5deg/ sec.

1.1 passive foint position tests

The ankle was passively moved to 10° of dorsiflexion at a peak velocity of
5 deg/ s. It was held for 2 seconds once the target position was reached. The
ankle was then returned lo the neutral position and was again moved passively
toward the target position at the same speed of 5 deg/ s. When the subject

perceived that the ankle had regained the previous target position, an examiner
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was a switch to stop a mechanical arm. To test 3 times in 1 target position and

all test 4 target positions.

1.2 active joint position lests

The ankle was passively moved to 10° of dorsiflexion at a peak velocity of
5 deg/ s. It was held for 2 seconds once the target position was reached. The
ankle was then returned to the neutral position and was actively moved the limb
back to the target position at the same speed of 5 deg/ s. To test 3 times in 1

target position and all test 4 target positions.

Figure 3.5 Joint position tests

2. Ground reaction force

Subjects, who remained barefool during testing, were firstly introduced to the
required jumping-technique (Figure 3.6)., ~This-entailed standing on a 40 cm high
platform in front of a force-plate with the test leg relaxed and non-weight bearing. The
subject then-used the contralateral limb to propel-himself from the platform and landed
on the test leg on the centre of the force-plate. Each subject performed 5 single leg
jumps onto the force-plate. Mone of the subjects involved in the study reported any

subjective difficulty with the jumping technique or discomfort during testing.
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Figure 3.6 Jumping technique

Proprioceplivedraining

Intervention groups were trained by 6-weeks wobble board, which had an effect
on accuracy of judging ankle inversion'movements. The training session lasted 15-20
minutes per session for three sessions per week. An examiner explained and

demonstrated details of the wobble board training (For detail see in Appendix E).

Figuré 3.7 wobble board
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Control group Experimental
N=12
group
N=12

\/ v

Joint position sense test, Ground reaction force

Joint position sense test, Ground reaction force

Figure 3.8 procedure
Data analysis

All resulls were expressed as the-mean £ SD. The™Wilcoxon signed-rank test
were. to delect the differences.of the error_in ankle joint repositioning and ground
reaction force between before and after training group: The Mann-Whitney Test
Statistics was to detect the differences of the error in ankle joint repositioning and

ground reaction force between control and intervention group.

An alpha level of 0.05 was used to determine statistical significant. All analyses
were performed on the Statistical Package for the Social Sciences version 11.5 (SPSS,
Chicago, IL, USA).



CHAPTER IV

RESULTS

Characteristics of the subjects

Twenty-four Thai basketball players who play in association and have ankle
joint-instability participated as subjects ranging in age for control from 20-28 years and
22-25 years for intervention. They are members of Thai national basketball team (SEA

Game and Universiade).

Baseline characteristics of the subjects both in control and intervention group
were summarized.in Tablé 4.1 Ag&s of the 12 control subjects ranged from 20-28
years, mean age fof this'group were 23.6+2.7 years and the 12 intervention subjects

aged from 22-25 years, mean age for tl:u;s group were 23.8+1.2 years.

Table 4. 1 Baseline characteristics of the subjects.

| <) Group
Characteristics : ;’_j_j ? :
Gumml Group Intervention Group
Age (years) , 2358+ 2.71 23.75 + 1.22
Weight (kg.) 75.50 + 9.32" 84.42 + 15.14
Height (cm.) 180.21 + 4.74 187.13 + 6.09
Ankle side injuries L3 R9 L5 R7
L = Left ankle R = Right ankle
Joint position sense

Passive joint position sense
Baseline passive joint positional sense was tested in both groups. There was
no statistical difference of passive joint positional sense between the two groups (Table
4.2). Therefore, the results of the post training positional sense of the two groups can
be compared. Table 4.3 and Table 4.4 summarized p-value and the mean error

passive joint position sense of injured and non-injured ankle between control and
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intervention group. P-value was less than 0.05 when compared between control and
intervention group at 10° dorsiflexion, 15° plantarflexion and 30° plantarflexion. The
mean error passive joint position senses of non-injured were decrease and p-value was

less than 0.05 only at 10° dorsiflexion.

Table 4.2 The mean error passive joint position sense of pre-test between control and

intervention group.
injured ankle dorsiflexion 10° | 226 £ 080, 160 +0.55 0.085
Injured ankle dorsiflexion 20* 186 €071 | 175063 0.661
Inj don. 16% 30541 1991062 0.
jured ankle plantarfiexion 16* |  3.05 £1.08 199+ 009"

Injured ankle ptu.maw / :{.D&‘t 1.23 230 £1.20 0.061

Non-injured ankie wﬂ' ,.2_512 +0.88 1.75 £ 0.65 0.145

Non-injured ankle / | 1832084 1.35+0.41 0.126

Non-injured ankle W ?‘ " 243+055 247 £1.07 0.291

Non-injured ankle phnﬁeﬁ }ﬁ s ﬁ,: 0.89 278+1.24 0.977

Compared between cg‘r and Ir;tmnﬁm i_;mtm using Mann-Whitney Test Statistics.
Y/
* Significant difference between both phases, P<0.05.

Table 4.3 The mean Ermr‘:iﬁﬂfﬁe jumt'phﬂiﬁﬁfragnse of injured ankle between control

\A i roup.
i, % sk [
s A
J Posttest of injured ankle
Degrees of Emror (° ) - N
Control Intervention differences Fivale
(passive) Q. Y
n= 12 n=n2
107 Dorsiflexion, . |-1.61£074, | 0814047 | 080099, |  0.00°
120° dorsiflexion 1.26 +0.47 1.00 £ 0.46 0.26 £0.76 0.215
15° plantarflexion 2.02+097 1.07 £+ 0.48 0.95 + 0.91 0.007*
30° plantarflexion 232 £0.96 122 +082 | 1.10+1.29 0.008"

Compared between control and intervention group using Mann-Whitney Test Statistics.
* Significant difference between both phases, P<0.05.
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Table 4.4 The mean error passive joint position sense of non-injured ankle between

control and intervention group.

Posttest of non-injured ankle
Degrees of Emor {° ) Py
P-value
(passive) Control Intervention | differences
n=12 n=12
10° dorsifiexion 1734053 /| 1.14£050 | 0584093 0.014"
20" dorsiflexion 1.43 £ 0.59 : Q’;‘,ﬂ]‘.’iﬂ.ﬁ? 0.46 + 1.02 0.053
15° plantarflexion .~ 156 + ulsa 1.29+0.79 0.26 + 1.29 0.374
30° plantarfiexion 1;5311::)7 | 1452084 | 038099 0.270

Compared between ﬁéﬂfﬂ? and Intewermnn group using Mann-Whitney Test Statistics.
* Significant drfferencghewean bﬂth p&aes P<0.05.

In the passive j;dht !épﬁsihm sera/a test both groups improved joint reposition
sense after 6 week of traﬁng.r&it there was was no statistical difference at 10° dorsiflexion

.,4-4

of control group and 20° dormﬂﬁ:m lanmured ankle of intervention group. When
Y=

compared traran;eﬁected wtﬂ'l injured ankle and mn-nr;}u;ed ankle, the training injured

ankle improved pasﬁive reposition sense better than Im,.nbn-:njured ankle, especially at

10° and 20° clnrslﬂgxlan but no statistical difference.. For post training of intervention

group, injured ankle group was more improvement in 10° dorsiflexion, 15° plantarfiexion
and 30° planiarfiexion When compared with non-injured ankle group but no statistical
difference. (For detail see in Appendix E)

Active joint position sehse

Baseline active joint positional sense was tested in both groups. There was no
statistical difference of active joint positional sense between the two groups (Table 4.5).
Therefore, the results of the post training active joint positional sense of the two groups
can be compared. Table 4.6 and 4.7 summarized p-value and the mean error active

joint position sense of injury and non-injury ankle between control and intervention
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group. P-value was less than joint positional sense between control and intervention
group at 10° and 20° dorsifiexion. Post test of non-injured were improvement (except

10® dorsiflexion) and p-value was less than 0.05 only at 20° dorsiflexion.

Table 4.5 The mean error active joint position sense of pre-test between control and

intervention group.

Degree control intervention P-value
Injured ankle dorsiflexion 10° 2,16+ 0.91 1921198 0.146
Injured ankle dorsifiexion 20° 207 £003 165+ 1.02 0.379
Injured ankle plantarflexion 15° 3.00+1.40" 4194454 0.505
Injured ankle plantarflexion 30° 12.91£1:39 3584 2.15 0.400
Non-injured ankle dorsiflexion 10° | . | 1.77 +0.74 1.98 +1.38 0.953
Non-injured ankle darsifiexion 20 ?\254 +1.24 213+ 1.32 0.234
Non-injured ankle plantarfiexion 16" | = 2.78 ¢ 1.36 2.20 £ 1.00 0.232
Non-injured ankle pram:nydunau- E.pa +1.09 2.88 + 1.62 0.486

Compared between qnntrd WIanh group using Mann-Whitney Test Statistics.
-;.' ‘ > B y 1"
* Significant difference between both phases, P<0.05.
7 / ¥ ¢

RYes /N
Table 4.6 The mean error apﬁw.re joint p@ﬁw sense of injured ankle between control

iand int.é?m}ligg group.

Degrees of Eror (° ) 2 vean
( ) Control Intervention
n=12 n=12
10° dorsiflexion 1.46+0.72 083 +0.30 063+0.91 0.015*
20" dorsiflexion 1.14 £ 0.62 0.80 +0.34 0.34 +0.45 0.284
15° plantarflexion 2.03+1.10 163+ 1.20 0.39+1.37 0.305
30° plantarflexion 1.99 + 1.15 1.92+1.33 075+ 1.58 0.770

Compared between control and intervention group using Mann-Whitney Test Statistics.

* Significant difference between both phases, P<0.05.
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Table 4.7 The mean error active joint position sense of non-injury ankle between contral

and intervention group.

Posttest of non-injury ankle
Degrees of Error (° ) Mean
differencas
(active) Control Intervention
n=12 n=12
10° dorsiflexion 1284056/ | 1.38+124 | -0.10£120 0.342
s
20° dorsiflexion 184 +0.72 “|-1254050 | 059+0.97 0.049*
15° plantarﬂe‘:dt'ij: 1934116 | 189+070 | 053+1.40 0.207
757/
30° plantarfl /"' 212 :I:'{ii 1824124 | 030+1.04 0.211
Compared betwee%n ] | and mtewentlnn group using Mann-Whitney Test Statistics.
* Significant differenc 5 n'both pbaées P<0.05.

//u a

e Mnns&nsa t, both group improved joint reposition sense
Sdla
after 6 week of tralmng/ Bqt‘ﬂﬁre wm:m'ﬁtatistlcat difference at 10° dorsiflexion in

injured ankle of :ntewentmn grqup ancF‘lﬁ ﬂorsrﬂemn in non-injured ankle of control
group. When cnmpared trainlng effectsd with injured jlye and non-injured ankle, the
training injured ﬁul{le improved active reposition sense Mﬂr than the non-injured ankle,
especially at 20° n:_i;‘rsiﬂexiun was less than 0.05 and 3_1;!‘ plantarflexion but no statistical

difference.  For post test of intervention group, injury ankle group was more
improvement, inf107 dorsifiexion But no ‘Sighificant and 20* dorsifiexion with significant
when compared with non-injury ankle group but no significant. (For detail see in
Appendix E) |

Center of Pressure data

After the subjects had been tested by performing 5 single leg jumps onto the
force-plate, center of pressure (COP) was calculated to determine X and Y co-ordinates.
Range of movement (ROM) of maximum X and Y co-ordinates were determined by

subtracting minimum from maximum values. Average ROM of maximum X and Y co-
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ordinates were averaged from 5 frials, and then average ROM of maximum X and Y co-

ordinates was averaged among subjects in the group. Area of sway was calculated by

multiplying maximurm ROM of X-axis and Y-axis. Table 4.8 and Table 4.9 showed ROM

of maximum X and Y axis. Center of pressure data from individuals were displayed in

Appendix E.

Table 4.8 Center of pressure sway in injury foot from jump landing.

 gontact area of injury Foot
Postlest
Hl:pmmn Longitudinal |  Area sway
(cm) (cm) (cm’)
2884052 | 1005£134 | 20054688
3 z08 11.102£1.50 2876 £ 8.46

3834091

“15.23 #6884 |

56,07 £31.50]

319 0.62

a of non-injury Foot
Postiest
Groups - E .
() tun‘r—_‘ ¥ | fem) (cm) (cm’)
Control an ;ﬂﬂﬁ 11914133 | 51.39£1822 | 2784068 | 10244145 | 3556+ 823
Intervention 1086 £ 143 | 34944923




CHAPTER V

DISCUSSION AND CONCLUSION

The aim of this study is that whether the current study was lo investigate the
effect of proprioceptive training in basketball players with ankle instability, we expected
that this program would lead to an improvement of proprioceptive capabilities in the
intervention group and would lheming'e’ improve functional stability. At last, it would

decrease in the frequency of recurrent amfde' sprains.

Joint position sense . 4

In the cusent investigation, the error of joint position sense was examined.
The researcher found ér;rlmﬁtr_nvemeql ql' proprioception in all injury ankle sides of both
control and intewenﬁbn JQroups. " Thi_jiﬁtervmﬁnn group was more improvement than
control group. For fthe  passive lea}. 10° dorsiflexion, 15° plantarflexion, and 30°
plantarflexion of the mtwanﬁnn gmup ‘had a great significant improvement as
compared with the mntrﬂllng @mup. Aé.well as part of active test, 10° dorsiflexion of
intervention group had a great sgnlﬁmﬁpmemnt as compared with controlling

/3 ol 4
group. G~

All nanm}ury ankle sides of intervention Elrm:b were more improvement of
proprioception asocmpared with controlling group, except 10° dorsiflexion of active
test, but it was not significant. For the passive test, 10° dorsiflexion of the intervention
group had agreal significant improvement as compared with the controlling group. As
well as part of active test, 20° dorgiflexion of intervention group had a great significant

improvement as compared with controlling group.

From the data of the joint position sense test, it showed almost every the error
joint position sense from plantarflexion direction has more than the error joint position
sense from dorsiflexion direction. It was affected from Anterior Talofibular Ligament

(ATFL) tear after ankle sprain had occurred.
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Active and passive’s joint position sense test are both different. The active
joint position sense test has skeletal muscle mechanoreceptors process combined with
articular mechanoreceptors. Owing to, subjects having ankle joint movement are
controlled by the muscle control. In case of the passive joint position sense test,
researcher has themselves ankle joint movement, as a consequence, occurring signal
comes from articular mechanoreceptors. Thus, passive joint position sense test turns

out more accurately the proprioceptive system than active joint position sense test.

In the current investigation, a pps‘li.ast of control and intervention group was
the improvement for the_r_ erors of joint posilion sense test. It was consisted of passive
and active test. Thismgﬂggﬁon w%:s differed from the other studies. Most controlling
groups in the -::uthevﬁ!ﬁdm&wera not significant improvement for testing position; none
decreased error of, ﬁ%ssﬁe and. acit’ve jnint position sense. Thereby controlling group in
the other studies w;é nq:mal or I'Laailhy sub_ract groups. However the best intervention
or exercise groups Ln thp c#her atudnés were accordance with this study, which was

improvement for passaw aﬁdaqtﬁta poaiﬁnn test. For instance, Elis E and Rosenbaum

/ e results turned out a large number of
14/
significant improvement in ;ﬂint'pmlmn *Hénsﬁ and postural sway in the exercise group.
f
981} were that they compared the injured and
N

"',f‘

the noninjured legs in 24 subjects using an active élngi‘e reproduction test. Finally, they

found an increasét error on the injured side. ThéFé were differences between the

injured and the naoninjured side becoming greater as the increased plantarflexion.

For evaluation of the joint-position sense, of the ankle, an’angle reproduction
testwas used in previous studies. Jerosch et al (1994) applied an active test design to
distinguish between healthy and unstable subjects. They reported that it was
significantly better joint ;'msitit.':-n sense for inversion in the healthy group than the
unstable group. Bemier and Perrin (1998) measured the active and passive joint
position sense for inversion and eversion before and after a 6-week exercise program.
They found no significant improvements after the exercise program in passive and

active angle reproduction,
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In this study, the result showed up that there were no differences in stalistics
between the intervention group controls. Because of all groups were exercise group
which the controlling group was obtained conservative training program. The
intervention group was obtained wobble board training program. Nevertheless, it had
no differences in statistics; the intervention group had more decrease error of passive

and active joint position sense than the controlling group every degree lesls.

On the contrary, it points out that the angle reproduction test is suited to
distinguish between healthy and unstable patients, between injured and noninjured legs,
and to measure an effect of propriaceptive exercise program in chronically unstable

patients.

In conclusion! the clirent results indicate that proprioception improved in all
conservative training and wobble boar.d training or it is called “rehabilitation program”.
It showed necessary’ !ralnmg or e:(ermsa for proprioceptive improvement. The
rehabilitation was necessary pmoesg 1fnr rehabmtatmg recurrent ankle sprain and

/

decreasing rate of recurrent ankla spr&in

da

22 4

-
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In the cument investigation, data's contact aréas from Transverse axis have
decreased in pdﬁt&ﬁﬁt after pmpﬁucapﬁ\;a training afﬁi;uri}tml and intervention groups in
both ankles when compared with pre-test, except data from post-test of control group in
injury ankle that has only increased. In transverse axis, data should be decreased after
proprioceptive training. Because of proprioceptive training will have more awareness of
joint position and more decrease body shift weight to lateral sidel_Body shift weight to
lateral side is to lead to ankle sprain and develops recurrent ankle sprain. When
recurrent ankle sprain is happened, it affects on ankle instability and loss of
proprioception (The proprioception is the joint position awareness). Hence, the
proprioception loss will be affected on increasing foot contact area. Whether the ankle
instability has proprioceptive training, it will be decreased the risk at recurrent ankle

sprain and protection.
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In a part of longitudinal axis, data have decreased in post-test after
proprioceptive training control and intervention groups in both ankles when compared
with pre-test. In longitudinal axis, data should be decreased after proprioceptive
training. Because of the body balance control from jump landing should be controlled
by the body center of gravity in order to protect falling or injuries. From ground
reaction force study, a deficit in position sense during the period prior to ground impact
is likely to result in a failure to adopt the optimal position of the fool as it absorbs force
during landing (Konradsen 2002). We can measure ground reaction force in difference.
Most of measurements are magnitude ul‘“paak:[m:e timing of peak force and reaction

time. Some measurements of ground reaction force are measure in plantar contact
- ‘

surface area pattern. |

Caulfield B. ﬁ'il:l Gﬂﬂﬂt M ( } were identified changes in ground reaction
force during jump landin in subjects g.jth functional instability of the ankle joint. The
disordered force panqlns absewed m&utﬁects with functional instability are likely to
result in repeated miur'_«.ur tﬂle to slgrﬁﬁcanﬁgocmase of the ankle joint structures stress on
during jump landing. Theyy&uggast that s:.ﬂ_;ec:ts are most likely to result from deficits in
feed-forward motor contrm Nsts[a M. atéf%ﬂ&] examined changes in the pattern of
force transfer between the fool and the ﬂm«h;smmed vﬂih chronically sprained ankles
by measuring the p d ak | 1G] -ﬂ&yﬂmml regions of the feet during
level walking. For c:hﬂ.'mic ankle instability patients, ﬂ’!ﬁrms a lateral shift of body weight.

A treadmill is used which was developed to overcome limitations of regular methods for
the analysis of. spatio-temporal ‘Gait parameters and_ground reaction forces during
walking and nunning by Verkerke (GJ. et.al (2005). 'The cerilre position of pressure
shows an emor (SD) of 6mm.in_the. lateral direction and Zmm.in.the for/aft direction,
which ‘allows accurate ‘measuring of gait paraméters.” “Gravante G: et al (2003)
determine whether centre of pressure location, plantar surface areas, or plantar
pressures differ from obese and control young adults during quiet standing. Although
centre of pressure location was unaffected by obesity, these young obese individuals

showed significantly increased plantar contact areas and pressures.
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In the current investigation, data of plantar contact surface area are explained
on descriptive data. Because of dala from plantar contact surface area are not totally
complete. All of these, subjects do not measure plantar contact surface area after
suddenly proprioceptive training. It will be affected to proprioception and data from

plantar contact surface area.

Conclusion

If a disorder of pre-programmed matc:r control is the cause of altered patterns n}
GRF in ankle instability subjects it has implications for rehabilitation. Restoration of safer
landing from jumping dlmngsnorts astivitydﬁm relearning a motor task. The
behaviour of skilled moterrelies on thié brain leaming to control the body and to predict
the consequences af‘!hTs Eﬁﬂtl"ﬂl The therapeutic goal should rather be retrain cormrect
sensory feed back, w"mq;nr mmmanl when landing from a jump. One method is to
use the wobble boa ;{ to ﬂromu!e gre-pr_pgramrmng of motor control re-education using
a theoretical basis wl:qch is dﬂ’fﬂr&nt oﬂémd by Freeman et al. (1965). Recent motor
control theory mdlcatas ﬂ'laj:"ieammg tha,qyuprrica of an object or task is essential for
retraining force and cnntrﬂ'l in amﬂnr Iaa:‘hmg task. Re-educating the ankle muscles to
control bodyweight in tasl-:s required fm‘lﬂﬁbg from a jump allows the patient to releamn
the body dynamics involved.- Emf&&dbaeﬂm‘rrcumput?r -assisted goniometry and GRF

2
from force plates may-be ai

Prnpriocepﬁ% training program in this study: canservative training in the control
group and wobble board training in the intervention group, can improve proprioceptive
system and strengthening of muscle groups around ankle joint. Proprioceptive training
program effect to improve proprioceptive signal from skeletal musclemechanoreceptors
andharticular mechanoreceptors, it was 'deficit when ankle spraih occurred. It can

measure by joint position sense test.

On view of the submission that has an effect on proprioceptive training,
conservative and wobble board training led to the significant improvements of
proprioceptive capabilities in chronically unstable basketball players. The main

advantage compared pre-test and post-test is the relative to home program; the
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performance possibility of this exercise room training after training program in every
day. The evaluation of subjective feedback rate of recurrent injuries should be collected
on data from them. The objective parameters evaluation and the subjective feedback of
the basketball players allowed the recommendation of such a proprioceplive exercise

program in the recurrent inversion injuries treatment.
Limitation & Recommendation

Proprioceptive training system fﬁr /athletes ankle instabilities called home
program practice. Thus, it is not be ablé Jo-‘be controlled it directly regarding the
training's amount and fime. It alsa has an effeet on Proprioceptive training system

— = .
needed be tested. ynb leads to solve problems which are to set up the training
program to the daitw(ngipmgmm Besides this program, it is supposed to separate

the training between the /Eh ‘rgid athﬁ!ﬁs and normal athletes. In other words, this

program should i wqigh trgjning program. An advantage of this program

is that the athletes’ ; bu!lpga:s wﬂ_;ld be practiced occasionally by proprioceptive

;
XLOp ¥

system.

o
] ‘jj‘

the athletes' performiances. -

x/ T
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APPENDIX D

Table | The mean error passive joint position sense of injury ankle between pre-test

and post-test
Degrees of Emor Control Group Intervention
) p-value b p-value
in left ankle Pretest Posttest Pretest Posttest

10" dorsiflexion 226+090 | 161074 :,ﬂiﬂ’lfl' 1.60+0.55 | 0.B1+047 0.002*

20" dorsiflexion 1.86+0.71 | 1.26 :t':él.d? 0.005* | 1.75+063 | 1.0020.46 | 0.011"

15°plantarflexion | 305t 1,00 | 202097 | 0003 |1.994062 | 1.070.48 [ 0.002"
3

30°plantarflexion afns,t‘i.__zd 2324096 | 0010* |230+120| 1.22:082 | 0.002*

Compared behveafﬁm;#ﬂ’;anﬂ.inﬁwﬁtiqn group using Wilcoxon signed-rank test.
* Significant differende bétween bioth phases, P<0.05.

e B

J o Fi
Table Il The mean errof passive joint position sense of non-injury ankle between

" pre-test and post-test

] I*

) ==
i © l'l Control Group /| Intervention
Pt o R S
o i -

et

10° dorsifiexion | 2.12£088 |“173+053 | 0126 | 1754064 | 1.14£059 | 0.024*

20° dorsiflexion 193+084 | 1.43+£059 | 0.018" | 1.35+£ 041 | 087+057 | 0.098

15" plantarflexion'| 243+ 0.55 |11.556+085| 0003 | 2172107 1294079 | 0.023°

30" plantarflexion | 280+089 | 183077 | 0.003* | 278+1.24 | 1.45+0.84 | 0.003"

Compared between control and intervention group using Wilcoxon signed-rank test.
* Significant difference between both phases, P<0.05.
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Table Ill The mean error active joint position sense of injury ankie between pre-test

and post-test

5 Control Group Intervention
Degrees of Error ()
p-valua grout p-valua
i kie
it an Pretest | Postiest Pretest | Posttest
10° dorsifliexion | 2.16+0.91 | 1.46+0.72 | 0.009* | 1924198 | 0.83+0.30 | 0.055
20° dorsifiexion | 2.07 £ 093 | 114062 |0.003* | 1.65+1.02 [ 0.80£0.34 | 0.018*
15° plantarfiexion | 3.00+140 | 203%1.11 | 0.004* | 419+454 | 163+120 | 0.002*
30° plantarflexion | 201 1.3 | 1.99 3:11 15 | D002* | 358+2.15 | 1.92+1.33 | 0.002*

Compared between gﬁ'r’mtrul and"lntervzmiun group using Wilcoxon signed-rank test.

* Significant diﬁerenge*ﬁqﬁwéd both phases, P<0.05.

\

Table IV The mean erfor active joint position sense of non-injury ankle between

* pre-test

o

and

and post-test
—

|

— Intarvention
Degrees of Emor (~ )
p-value
in ankle
or . Posttest
10° dorsifiexion | 1.77£0.74 | 1284066 | 0055 | 198+138 | 1.38+1.24 | 0.024*
20° dursiﬂaxiqn 254724 |AB4+072 | 0015 | 213+132 | 125+050 | 0.022*
15° plantarflexiont | 2.78 £1.36 | 193+ 1.16| 0.003* | 220+ 100 | 1.39+0.70 | 0.040°
30%plantarfiexion || 2,98+ 1.09 | 212£0.74 | 0.002°. | 2.88%1.62  _1£2 +£1.24 | 0.028"

Compared between control and intervention group using Wilcoxon signed-rank test.

* Significant difference between both phases, P<0.05.




APPENDIX E

Data’s error passive joint position sense of injury ankle

cpd10 | cpodio | cipd20 | cpod20 | cppis | opopis | <pp30 | cipop30
1 2.70 1.00 270 1.30 4.30| 1.00] 2.30 1.00
2 2.00 2.00 1.00| 70 3.00| 270 3.00 270|
3 2,70 1.30 1.30 1.30 2.70] 2.30 4.70 3.70)
4 2.00 130 1.30| 1.30 4.30] 3.30 2.30 2.70
5 3.70 330 1.70 1.30 4.00] 3.30 5.00 3.70|
6 1.30 70 2.30| 70 70| 1.00 1.00 1.00
7 70 70| 1.00] 70 2.30] 1.30 2.30| 1.70
] 3.00 1L.70 2.70| L.70 330 2.00 4.70| 3.00
9 3.00 1.30 zzj%l 1.70 3.00 2.00 3.30 3.00
10 1.70 2.00 ) 1.70 2.70 1.30 3.70 2.00
11 1.30 1.70 1.00] 2,00 70 230 1.30
[¥] 3.00 230 2.30| 200] 430 3.30] 2.30 2.00
ipd10 | lipod10 | 6pd20 | iipod20 | Sppis iipopis | #pp30 | Wpop3o |
1 230 130 1.30] 3.00 1.00
2 1.30 2.00 5.00 3.00
3 130 40 2.00 70
4 L.00 70 2.00 30
5 2.00 2.00 2.00 1.00
6 1.70 4 1.00 1.30 mﬂ
7 230 2.00{ .70 230 2.00]
8 1.30 s .00 1.00 4.00 2.30
9 2.70 1100 130, 1.00 1.30] 70 70 30
10 _ 1.30 1.00 1 1.00 1.70 1.00]
11 1.70 ; L0 70 170 20 230 130
12 :.ﬂ-'ﬁ:# L70 30 2.70 1.00 130 70
Data's emor passive joint position sense of non-injury ankle
enpd10 | enpoat0 | eapd20 | copod20 | onppis | cnpopls | eapp30 | cnpop3o |
1 70 1.70 1.00} 70{ 2.30 70 2.30| 1.30
2 2.30 2.00} 3.00 2.70| 2.70] 2.30 300 230
3 2.70| 2.30 2.70] 2.00| 3.70 330 330 3.00
4 1.00{ 2.001 130 1.30 2301 2,00 2.00 170
5 230| g 130 230 2.00 1,00 100
& 70 J0 1.00 J0 2.30 30 230 L.00
7 1.70 70 1.70 .ml zml mn[ 1.m| m:l
] 3.00 2.00] 2.70| 1.70] 2.00f 1.00] 4.00] 230
9] 3.00] 2.00] 2.70| 1.70| 2.00| 1.00 4.00{ 2.30|
10 2.70| 2.00] 2.30| 1.70] 2.00| 2,00 3.0 3.00}
1] 3.00] 1.30] 2.70{ 1.30] 3.30| 1.00| 2.30] 1.00}
12 2.30] 2.00] 130 1.30] 230 200 3.00| 2.00|
inpd10 | inpodi0 | mnpa20 | wpod20 | mppis | mpopis | dnpp30 | inpop30 |
1 2,70} 1.70 100 2.30 1.30| 4.00] 2.00]
2 2.00| 130 00 330| . 4.70] 2.70|
ih 1.70 30 L 1.00 70 2m| o]
] 1.00 1.00 70| J0 .70 1.00 1.70] |
5 2.00 1.70] 1.30| 1.30 170 1.00 4.00] 170}
6 1.30 L.70 1.00 L.00) L0, 70| 70| 30]
7 230 1.30 L.70| 1.00 4.00 2.00 2.00 L70
8 30 1.00 70 1.00| 70 70 130 1.30
9 1.70 1.00 1.70 130 3.70 2.30| 230 2.00
10 2.00 1.00| 170, 1.00 2.00 0 4.00 2.70
11 2.30 1.00] 1.70 30 2.00 0| 330 1.30
12 1.70 00| 1.70 .70 2.30 70| 270 30




Data's error active joint position sense of injury ankle

a81

cipd10 | cpod10 | cipa20 | cpoa20 | cppis | cpopis | cpp3o | cpop3o
1 1.30 30 3.70 1.00] 3.00 .70 230] L70
2 2.30 2.00 2.70| 230 6.00 4.00| 2.00| 130
3 1.30] 1.30 L.30] 1.00] 430 3.70] 1.30 1.00
4 3.m] 2.30] 1.70| L.00 2.00 2.30] 230 1.00/
5 2.00 2.30 2.30 2.00 5.00 3.30 630 4.70
3 130 30 L70 30 3.00| 130 L.70 70
7 2.00 1.00 130 70 1.70] 1.00 4.00 2.70
8 2.00 L70 230 1.00 L.70] 1.00} 3.00] 2.70
9 3.00 170 3.70] 2.00 2.00) 1.30 4.00| 2.70
10 2.30 1.30 70| L.00 3.00| 2.00] 3.70] 2.70
11 1.00{ 1.00 70| .70 2.30] 1.70| 2.00| L.70
12 3.70] 2.30 L70] 70 2.00] 2.00] 230 1.00
Bpd10 ipodl0 | Epd?0 Wpod20 | Eppis wpopls | #pp30 | pop3n |
1 .30 ) 3.00 330 2.00 2.70 1.00}
2 7.70 30 3.00] 1.3 1830 5.00] 9.30| 5.00
3 1.00 1.00{ 2.70) 70| 1.70 .30 1.00] .00
4 1.30] 1,00| £ | 1.00 4.30/ 1.00] 3.70| 2.30
5 3.00] 70| .70 L.00 370 L.30| 4.00| 230
[ 1.30] 1.00| 30| .30 2.70 2.00] 2.30 170
7 30| 300 130|100 330| 200 530 3.00
B8 L.70] 70| 2.70 .70 Loof 70| 3.30] 2.70
9 .70} .*.;EI ol . 1 2.30| [ 3.00 230
10 1.70| 2 1.70 1.00| 4.00] 2.00| 1.30| 1.00
11 230 1w 170 30 3.00| 1.00| 3.30| 1.00
12 L70] L 30| 2.70 1.30| 3.70| 70
Data's emor active joint position sense of non-injury ankle
npd10 | coped1o | cnpd20 | cnpod20 | cappiS | cnpop1s | copp3o | cnpop3o
1 1.00| 1.00] 70| 20| 170 1.00| 2.00| 170
2 1.30] i3] 200|200,  230| 200 300 2.30)
3| 2.30] 2.00| 1.70] L7o| .70 L.0o| 130 1.00]
4 1.00{ 2.00{ 1.00| 3000  5.00 3.70 330 3.00
5 :ﬁl 1.00| 2.00| 170] 400 3.70| 230 2.00
3 ) 1.00
7
i
9
10
1
12
1 1.70 L.00 2.00{ 2.30 130§ 130 L70| 1.00
2 1.70 2.30 5.70| 130 2.70] 3.00 230 4.70
3 2.30| o] Loof L.00 2.00/ 1L.00| 3.00 70
4 1.00] 1.70] 2.00{ 1.70 170 2 670 220
5 30f 1.00| 1.00| 1.30| 4.70| 1.00{ 2.70 1.30|
6 200f  Looj J0 1.00 2.30 2.00| 1.00} 70
7 1.70] 1L.00] 2.30 1.00| L70 2.00} 2.00 L.70
8 6,00/ s.00] L70] 1.00] 2.30 L.00| 4.70/ 330
9 1.30 70 3.00| 2.00 .70 70| 2.70 1L.70]
10 2.00 70 2.70| 1.00 L70 1.00 4.30 230
11 1.70 70 1.70] 70 1.00 L70 J0
12 2.00 .70 1.70 70 3.00] 70 1.70} 1.00




Center of pressure data

Fra-Mt injury ankle

Trial 1 Trial 2 Trial 3 Tral 4 Trial 6
o Tiom) | Lo [ Aom) | T(mm) | Lmm) ﬁm_,‘*rqu‘._a Lmm) | Atmm) [ Toom) | Lmod | Afom) | T(om) | Limm) | A (mm)
Control1 | 3247 | 13637 |4427.83 | 27.78 | 11384 | 316625 | 34.67. | 117.33 | 4067:83 | 2480 | 14580 | 361584 | 3062 | 130.26 | 3988.56
Contwi2 | 2800 | 1236 | 365,10 | 3082 | 11548 | 365008 3000 11308 | 341040 | 2778 | 12658 | samr22 | 2120 | 12881 | 271780
Conol3 | 26.58 | 140.28 | 3668.36 | 26.36 | 103.28 | 272246 m'rz‘}{-f“ 130.36 | 262284 | 2006 | 1064 |2133.32 | 2764 | 11843 | 327341
Convol4 | 2713 | 1108 | 300800 | 28.32 | 137.34 ma mn%fg.m 3198.11 | 3063 | 11052 |3385.23 | 33.17 | 13572 | 4501.83
Contols | 32.07 | B2.44 |2718.06 | 4224 | 6362 m{é{ ' aa?s?e.a{ 313436 | 2758 | 8850 | 244331 | 3081 | 7268 | 222474
Conirol 6 58.47 | 12368 | 723157 | 36.11 12333 Hﬁﬁ.ﬂﬂl 50.11 128.21 Mﬁ 6166 | 12147 | 748084 | 5160 | 11481 | 6502420
Conro7 | 2042 | 10078 | 206261 | 2275 | 12323 | 230948 | 2735 | 11764 | 321472 | 2096 | 9554 | 280246 | 6083 | 10876 | 659412
Contol8 | 48.54 | 10226 | 49670 | 30.64 | 6267 | 252006 | 42.44 | 0279 | 303801 | 3467 | 12538 |4346.93 | 3450 | 107.62 | 372268
Control9 | 28,69 | 130.87 | 401287 | 38.54. | 11023 |4027.80°( 36.23 | 12260 | 431688 | 37.01 | 13276 | 491345 | 37.08 | 137.00 | 5083.30
Control 10 41.21 103.60 | 4273.07 | 32.28 126.52 |-4040.28 |- 37.74 11336 | 4278.21 1 43.08 114.48 | 4826.07 | 43.86 170.60 | 7478.13
Conrol 11 | 42.67 | 11123 | 476048 |, 130118, | 10782 8247.97 |, 26100 |, 137:94 | 295912(| |3162-{, 9451 |2088.41 | 3420 | 106.60 | 3662.17
Convol 12 | 3491 | 14080 | 491633 | 3933 | 12238 | 481321 | 4121 | 11469 | 472638 | 2043 | 11975 | 48832 | 4747 | 1350 | 642612
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Post-test injury ankle

o Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Tiom) | Lonm) [ Agom) | Tomm | Lomape| Atma | 7 owm | Limm) | Agom) | Teom | Loom) | Agom) | Tmm) | Linm) | Agmm)
Coirol1 | 2376 | 12646 | 3004.60 | 24.03 | 112.56/| 280612 | 22.44 | 13481 | 302065 | 37.57 | 123.26 | 4630.88 | 27.20 | 11694 | 3153.57
Conrol2 | 26,14 | 10660 | 2788.88 | 23.08 | 97.16. | 224342 -221@ 8176 | 181180 | 28.39 | 10448 | 2086.19 | 23.22 | O7.51 | 2264.18
Conrol3 | 3384 | 120.34 | 404824 | 37.53 | 9229 | 348364 2?.51*j | B380 | 230634 | 1905 | 12826 | 2443.18 | 26536 | 70.67 |2028.04
Conwol4 | 2020 | 12631 | 255148 | 2079 | 8624 |477214| 2308 | 8648 | 100606 | 24.44 | 0081 | 221940 | 2214 | 9824 | 2176.03
Control5 | 40.76 | 8662 | 348580 | 34.19 | 67.54 | 2092081 239.18 I 7335 | 287385 | 3505 | 8893 | 234500 | 4377 | 77.41 | 338282
Control6 | 2150 | 8160 | 175419 | 19.05 | 12211 | 232620 | 20.04 | 90.25 | 288222 | 2555 | 7370 | 188534 | 20.86 | 8461 | 1764.07
Convol7 | 3647 | 70.07 | 265645 | 2008 | -83:88 | 187882 | 2841 | 119:30 | 338031 | 2088 | 6744 | 201641 | 2408 | 7923 | 1903.80
Control8 | 2170 | 9842 | 213571 | 28.86 92.41 2666.05 | 2446 | 7652 wmm 2169 | 8676 | 1881.82 | 2420 | 0.7 | 2197.12
Control® | 36,67 | 123.37 | 4562308 | 32.18 1&7.?9 3468.68 | 2444 | 00.00 | 244376 | 3011 | 10288 | 309170 | 26.05 | 12222 | 320383
Control 10 | 30.03 | 12012 | 3607.20 | 26,75 | 10451 masr_ 39.98 umﬁ 3908040 | “84.12 | 102.36 | 349252 | 43.27 | 119.20 | 6157.78
conwol11 | 2251 | 13853 | 311831 | 1036 | 11620 | 223027 | 3840 | 108.00-| 357048 | 20820 | 7486 | 205780 | 2076 | 8587 |2641.8
Conrol 12 | 3505 | 122.06 4217.#5 2081 (11121 | 801647 | 3041 |/107.62 | 248708 | 27.06\| 12864 | 264485 | 2030 | 127.38 | 260728
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Pre-test nop-injury ankie
- Trial 1 Trial 2 7 Trial 3 Trial 4 Trial 5
Timm) | Limm) | Afmm) | T(mm) | Limm) | Afmm) | Timm) | Limm) | Afmm) | T(om) | L(wm) | Almm) | T{om) | L(mm) | A (mm)
Control 1 47.06 | 160.98 | 7575.72 | 3568 | 13188 | 470584 |/ 4013 14800 | 5030.24 | 3519 | 12220 | 4303.38 | 4590 | 12641 | 5602.22
Cortirol 2 3037 | 12819 | 3803.13 | 15.12 16663 | 2368.73 | 154 52.15 1413.68 | 20.15 | 12687 | 263628 | 2042 | 12536 | 2568.85
Controld | 24.76 | 12024 | 2077.14 | 30.19 | 12426 | 375141 | 2088 | 10625 | 221850 | 24.38 | 11404 | 2780.30 | 25.04 | 14065 | 3521.88
Control 4 2667 | 10320 | 2754.74 | 2527 | 12670 3201.71 | 265 ‘ .12#.?& 330667 | 40.00 | 12063 | 5186520 | 38.86 | 121.10 | 4718.06
Control § 2568 | 7356 | 188802 | 36.61 76.06 2?'?&_&97 ' 44 44 f1_'li.'l.34 4903.51 | 28.40 B7.67 | 2577.60 | 34.02 B563 | 2813.13
Conirol 6 5696 | 12182 | 681683 | 44456 | 13378 | 5B46.62 1 65,61 1232? B842.72 | 4827 | 11129 | 6371.87 | G567 | 144.28 | BO32.07
Control 7 1664 | 116566 | 182275 | 16.81 11540 | 1818.73 } 14.06 7-1*12-.&'! 4582031 1618 | 11281 | 181878 | 1569 | 113.89 | 1788.80
Control 8 4584 | 12079 | 5640.08 | 3363 | 11810 | 397170 | 2316 | 124.44 2532,% | 24.3 108.42 | 263560 | 23.31 | 117.85 | 2740.42
Control § 2858 | 11028 | 314860 | 3018 | 10820 | 326819 | 27.46 g7.51 | 2676656 | 36.72 | 102.36 | 375666 | 37.69 | 108.86 | 4102.83
Control 10 2086 | 12336 | 369433 | 32.23 | 103,32 | 3330,00 : 40.11 130.27 622513 | '30.87 | 101.11 | 3131.07 | 3484 | 116.80 | 4060.31
Control 11 2883 | 12257 | 3645686 | 27.23 | 13313 | 3825.13 | 3941 120.38 | 4744.18 | 29.81 138.05 | 4116.27 | 26.02 | 12867 | 3210.32
Control 12 38.76 | 136.66 | 6203.07| 4005 | '112.26 | 449561 | 28,79-| 121.78 | 3508.06 | 42.78 | 118.76 | 512291 | 47.27 | 156.16 | 7334.41
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Post-test non-injury ankle

Sroue Trial 1 muzl- | Tiel3 Trial 4 Trial 5

T(mm) [ Lgmm) | Afmm) | T(mm) | Ljmt) | Afmm) | T (om) | Limm) | Afmm) [ T(mm) | Limm) | Afmm) | Timm) | Lmm) | A (mm)
Control 1 26.60 130,08 | 347210 | 19.24 11768 | 2264.16 E?Eﬂ 12823 | 347247 | 1.1 116.18 | 2483.75 | 37.51 135.07 | 5066.48
Controlz | 1581 | 11331 | 179143 | 2319 | 70.36 | 463142 | 2227 | 8748 [194898 | 16.15 | 70.12 |1277.79 | 19.33 | 8769 | 1603.12
conroid | 2000 | 1025 |206000 | 1508 | 7198 | 108516 1880 9629 | 181025 | 2252 | 12125 | 273066 | 2040 | 8054 | 1644.04
Conrold | 2499 | 11684 | 280484 | 27.56 | 106.07 ‘m.m4 27,19 '}; 96.08 | 260070 | 3298 | 10444 | 338177 | 2473 | 10332 | 2585.10
Contol5 | 40.66 | 9323 | 378080 | 3671 | 8566 mm 3228 | 7420 |2398.08 | 3668 | 70.18 | 257420 | 41983 | 80.34 | 336868
Conol6 | 2442 | 12368 | 302027 | 3868 | 9670 |a3za0ee | 8370 | 12044 | 405883 | 4055 | o184 |a72411 | 2241 | 10800 | 263030
Comol7 | 37.82 | 8391 | 318167 | 2767 | 7033 | 221280 | 2543 | 11647 | 205420/ 2017 | 9286 | 270289 | 2086 | 1037 | 3080.88
Contol8 | 1544 | 7340 | 113460 | 1678 | 8256 | 130264 | 1351 | 10030 135552? 17.31 | 7581 | 130881 | 1686 | 8376 | 1412.19
Conrolo | 27.76 | 12126 | 336460 | 3458 | 10378 | 368352 | 20.01 | 11493 | 333412 | 3656 | 109.85 | 400880 | 4200 | 101.20 | 4254.18
Control10 | 34.60 | 11223 | 3882.04 | 25.02| <0813, | 2330.11 126,76 (} 122.08<]3260.86°| <37.70 | ©0.78 | 377060 | 21.34 | 10253 | 2187.99
Controi 11 | 36,67 | 12358 | 452086 | 2213 | 10678 | 2340.91 | 2093 | 120.17 | 360660 | 27.74 | 127.28 | 3530.75 | 19.23 | 128.20 | 2370.87
Comol12 | 3528 | 12338 | 436266 | 2803 || 1383 | 400767 | 3007 | 10107 | 30d0te | 41217\ 10001 | a121.41 | 4316 | 10177 | 430290
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Pre-test injury-afikle

Sroup Trial 1 Thal2 Trial 3 Trial 4 Trial 5

Timm | Linm) | Afom) | T(mm) | Limm) | A Gm) |T(@mm)| Limm) | Afmm) | Tiom) | Linm) [ A(mm) | Timm) | Limm) | A (mm)
imerventon 1 | 3480 | 11806 | 410849 | 63.19 | 16067 | 962084 | 3638 | 14277 | 519897 | 5064 | 12461 | 631025 | 2024 | 12052 | 3767.17
mervenion2 | 5367 | 120.98 | 6403.00 | 43.82 | 12426 | B444.64 | 6080 | 17050 | 119000 | 5582 | 15153 | 84s6.41 | 679 | 141.84 | 781226
Inlervention3 | 4130 | 113.35 | 488138 | 43.40 | 15887 mqa 3358 | 0401 | 315216 | 3750 | 11626 | 437021 | 4123 | 13141 | 541803
intervenion4 | 2076 | 128.79 | 383279 | 2822 | 12088/ 316947 32.21 ‘ 14251 | 489025 | 2689 | 17332 | 4452.50 | 26.08 | 137.54 | 3584.20
mevenions | 6075 | 13206 | 794376 | 5066 | 1245 | (624183 | 3779 | 12804 | 476027 | 2867 | 13130 | 311000 | 2428 | 12626 | 4a28.t9
imerventon® | 4337 | 24340 | 10666.26 | 70.27 | 14237 1-:;@@7154 8% —123?3 749642 | 5262 | 108.00 | 572468 | 57.55 | 10601 | 6100.88
Intervonton 7 | 36.72 | 163.78 | 564388 | 63.66 | 13242 | 841662 | 4850 | 14344 1741338 | 3003 | 14025 | 4481.08 | 45.36 | 11374 | 5168.11
inerventon 8 | 22,62 | 103.03 | 208146 | 2562 | 10471 | 260681 | 3696 | 10087 | 372715 | 33.75 | 06.24 |321435 | 2081 | 99.10 |2064.17
mavertond | 4650 | 18850 | 737025 | 3232 | 12746 | 411951 | 3662 | 16638 | 5000.84 | 2481 | 18047 | 464137 | 3475 | 19490 | 3630.55
imervention 10 | 45,34 | 135,81 | 614856 | 2643 | 8696 | 2180.80-| 23,00 |, 6039 | 2084.02 [ 3578 | 111.08 | 400884 | 3241 | 10577 | 3428.01
imerventon 11 | 3202 | 12080 | 4150.08 | 3173 | 16454 | 4003.65 | 2847 | 14222 | 4040.00 | 2870 | 13708 | 307187 | 3871 | 13030 | de7762
Imarvention 12 | 20,02 | 11121 | 222642 | 22.44 |-12337 | 2788.42 | 2508 | 120.09 | 3212.60 | 2366 | 120.88 | 2847.83 | 2145 | 12080 | 2583.31
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Post-test injury ankle

P Trial 1 THal2 | | Trial 3 Trial 4 Trial §

Timm | Liom) | Afmm) | Tmm) | Lmm) jA ) | T o) | Limm) | Afmm) | Tom) | Limm) | Agmm) | T(mm) | Limm) | A (mm)
interventon 1 | 37.66 | 23718 | 893220 | 60.08 | 180.99 627081 | 53.38 | 147.93 | 788011 | 60.82 | 17578 | 10680.72 | 52.13 | 181.10 | 9445.44
Intervention 2 | 41.31 | 13448 | 6656.37 | 68.71 | 241.32 |(14167.80 | 'B2.10 | 17188 | 1411135 | 4313 | 167.42 | 678053 | 44.08 | 173.32 | 7639.95
imervention3 | 30,08 | 10820 | 325466 | 3854 | 9408 | /362460 | 2088 | 0368 | 277745 | 2712 | 108.30 | 2037.10 | 4838 | 00.83 | 4309.10
intervention 4 | 2486 | 13882 | 3467.72 | 21.36 | 132.32 | 2825.08 _23,5&;;,92.31 2183.82 | 28.55 | 114,16 | 3260.27 | 37.74 | 9534 | 3598.13
Inorvention 5 | 4583 | 8648 | 391766 | 5117 | 81.07 | 414835 | 37.38 _jiaﬁ;nn 448320 | 4990 | 8762 | 437224 | 3638 | 77.18 | 280827
oventon® | 3803 | 11395 | 433352 | 4088 | 1274 | eag21e | 421 | 12185 5137.75 | 30.19 | 100.0 | 3019.00 | 40.04 | 11268 | 4611.71
intervention 7 | 21.82 | 13278 | 2010.54 | 3196 | 10824 | 3299.65 | 24.32 | 10842 | 2661,00 | 20.18 | 82.16 | 2397.43 | 5333 | 108.90 | 5700.98
mervorion8 | 24.15 | 11066 | 267099 | 2201 | 9380 | 2080.14 | 2180 | 6280 | 1378118 | 2030 | 12504 | 250831 | 2249 | 7542 | 160620
intervention® | 21.07 | 16051 | 3171.25 | 20.74 | 133.33 | 276526 | 2273 | 178.06 | 4047.30 | 22.55 | 166,66 | 3768.18 | 20.46 | 105.38 | 2156.08
Intervention 10 | 3643 | 90.20 | 3517.85 | 45,52  |(119.42 ;tsam 4618 | 1%1.20°{, 5134.38) | 3365 | 80.26 | 300360 | 45.24 | 104.80 | 474115
intervention 11 | 26.64 | 118.82 | 3040.11 | 2580 | 12250 | 3171.563 | 21.62 | 124.61 | 260407 | 2263 11852 | 288211 | 2863 | 12670 | 3606.79
intervention 12 | 19,51 | 10222 | 198431 | 37.27 | ,98.48 | 367072 | 23.54 1#,14 276748 | 1057 | 10240 | 2003.07 | 2230 | 108.67 | 2378.74
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Pre-test non-injury ankle

s Trial 1 TrH.r! | | Tral 3 _ Trial 4 Trial 5

Timm) | Limm) | A(mm) | T (mm) | Lmm) (A (mm) T (mom) Limm) | Afmm) | T(mm) | L(mm) | Afmm) | Timm) | L(mm) | A (mm)
imerventon 1 | 4347 | 10644 | 462695 | 4127 | 0884 (308833 | 4002 | 11184 | 447884 | 4088 | 10827 | 422188 | 5244 | 14073 | 786184
inervention2 | 68.00 | 156.85 | 1082955 | 31.82 1&&5& 4&“25 -3?.(6! 11734 | 434746 | 30.26 119.30 | 468253 | 38.39 136.75 | 5248.83
intervention 3 | 3920 | 114.60 | 448232 | 27.58 | 12400 .'édw.m 'as;gn _mma mm 39.63 | 15172 | 5007.49 | 3240 | 9372 | 303853
Imervention4 | 5558 | 15620 | 8628.02 | 35.08 | 16585 | 5818.21 2;.9{-‘ 14898 | 4317.44 | 37.21 | 178.28 | 6633.80 | 64.41 | 167.04 | 9088.65
inlervention 5 | 31.84 | 11652 | 267818 | 27.07 | 168.58 4?15!1'{ 36.45 f?’?iﬁ.m 845311 | 20.00 | 11110 | 322180 | 36.96 | 13568 | 5013.09
mervention 8 | 5204 | 12536 | 852373 | 30.40 | 13644 | 537574 | 3110 | 149.87 | 466096 | 5213 | 160.45 |9876.08 | 3624 | 150.28 | 5446.15
intervention 7 | 36.03 | 112.50 | 405662 | 58.20 [ BO.70 | 681161 | 657.22 | 10048 | 674347/ 4240 | 12233 | 5197.80 | 47.98 | 100.11 | 480328
inervention 8 | 22,76 | 106.50 | 2423.94 21.134‘ izr.an 275411 | 36588 | 0647 |3460.41 | 2342 | 177.41 | 415404 | 2641 | 0695 | 2560.45
Intervention @ | 43.26 | 188.20 | 814543 | 40.52 | 138.31 | 5604.32 | 47.80 | 147.27 | 7052.76 | 51.33 | 154.16 | 7913.03 | 41.75 | 157.02 | 866559
Intervention 10 | 27.60 | 13763 | 3794.45 | 24.19 |-148.18, | 988447-| 3134, | 12146-| 3606.24 | -2867 | 132.09 | 377381 | 2181 | 13480 | 200099
intarvention 11 | 36.08 | 93.80 338791 35.55 B3.14 | 205812 | 47.08 102,35 | 4818.84 | 33.01 124,80 | 411885 | 2745 102.35 | 2809.51
Intervention 12 | 32.85 | 91.62 | 3000.72 | 28.32 | '86.19 ||2412.58 | 27.34 ‘| '62.78 | 228821 | 2683 | 108.31 | 3067.40 | 20.75 | 107.30 | 3182.18




Post-test non-injury ankle

o Trial 1 Trel2 " Trial 3 Triel 4 Trial 5

Toom) | Lo | A | Toom) | Lmm |8 Gom | 7@ | Lowm | A | Toom | Lo | Am) | Toom | Lo | Agom)
imervention 1 | 37.73 | 12484 | 470267 | 5402 | 180166 |0750.25 | 4605 | 19102 | 879647 | 3374 | 13020 | 4609.65 | 4291 | 20666 | 972508
nevenion2 | 5470 | 150.18 | 821485 | 50.12 | 13960 | 699626 | 4878 | 12862 | 627408 | 5675 | 15075 | 006581 | 4665 | 9276 | 423448
Inervantion 3 | 28.06 | 9626 | 278760 | 2050 | 12707 |2604.04 | 2771 o214 256083 | 37.96 | 10351 | 4157.00 | 1825 | 118.06 | 2118.10
Inerventon4 | 3173 | 12840 | 400116 | 4491 | o584’ | 480417 | 3309 | 13247 | 488343 | 2084 | 8402 |2507.18 | 2897 | e7.30 | 247870
inerventon 6 | 4444 | 12825 | 561055 | 2060 | 12087 | 284805 2652 | 9670 | 256448 | 4072 | 10040 | 408829 | 5267 | 12221 | 843880
tarventon8 | 4490 | 14972 | 672243 | 2587 | 10520 | 272388 ) EEAE 11745 | 786747 | 3085 | o728 | 208102 | 4173 | 117.38 | 4sge27
conenton? | 2675 | 8646 | 245698 | 2416 | 0808 | 238081 | 2101 | 70.42 | 17009| 2047 | 14081 | 330012 | 2456 | 10088 | 247761
venton8 | 3010 | 7615 | 220807 | 27.08 | 11473 | 310880 | 3077 | 12281 | 378794 | 3468 | es40 |26167 | 2624 | soo1 | 206024
Intervantion 9 28.58 134,77 | 384003 | 3830 | 16667 | 587817 | 26.13 16785 | 412723 | 28.74 138.26 | 397331 | 20.30 136.78 | 3878.36
oventon 10 | 1744 | 7694 | 131875 | 3328 |7486| 248984} 1974 0| 10893 295028 |-21.61 | 0608 | 20786 | 2205 | 13817 | 319395
imerventon 11 | 37.31 | 12076 | 4841.36 | 32.00 | 11000 | 283068 | 2147 | 11642 | 240054 | 4441 |,10080 | 487622 | 20.44 | 11222 | 320027
imeventon 12 | 2871 | 8677 | 249047 [\80.28 |\10834 | B278.37 | 2842 | /40200 | 2001407 28387 7673 |2147.70 | 2895 | 108.46 | 3160.18
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inappropriate foot positioning prior to touchdown has been hypothesized to be a

fundamental cause of ankle sprains

reacton resciyon

force force
subtalar sublalar
ANLE paiiy
oL it TR
arm amm

Figure 2.7 A view of the foot and ankle from behind at touchdown when performing a

cutting or side-shufflemovement. The moment arm of the ground reaction force about
the subtalar joint when the foot is flat (left) is much smaller than the moment arm when
the foot is supinated (right).

Figure 2.8 A view of the footand ankle in the'sagittal plane at touchdown when
performing @ sutting or side-shuffle movement. -The moment arm of the horizontal
component of the ground reactioriforce about the'subtalar joint when first contact is
made with the heel (left) is mueh smaller than the moment arm when the foot is

plantarflexed and first contact is made at the toe (right).

Caulfield B. and Garrett M. (2004) observed changes in ground reaction force
during jump landing in subjects with functional instability of the ankie joint. Fourteen
subjects with unstable ankles and 10 age, sex and activity matched controls performed

five single leg jumps onto a force platform whilst ground reaction forces were sampled.
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The disordered force patiemns observed in subjects with functional instability are likely lo
result in repeated injury due to significant increase in stress on ankle joint structures
during jump landing. They suggested that subjects are most likely to result from deficits
in feed-forward motor control. Nyska M. et al (2003) examined changes in the pattern
of force transfer between the foot and the floor associated with chronically sprained
ankles by measuring the peak forces and their timing under several regions of the feet
during level walking. Twelve young male subjects with recurrent ankle sprains were
studied. Twelve healthy men served as mmmi group. In patients with chronic ankle
instability, there was a slowing down of wéight"hansfer from heel strike to toe off, a
reduced impact at the begianing aﬁ?;)l end of the stance phase, and a lateral shift of
body weight. Becker HP! et-al (1996) studied patients with longstanding chronic ankle
instability to demunst;;té' whether dyn;i\rnic measurement of plantar pressure distribution
could identify patients wﬂn functional ankie instability. Sixty five patients were measured
and calculated mtramdwidumry aumpar\adewith a group of 100 healthy subjects. Plantar
pressure patterns were measured ﬂuﬁng gait using a capacitive platform. Dynamic
measurement of plantﬂr ;i'essum could )dentrhr a group of patients walking on the
lateral side of the unstabie. fﬂﬁl ‘when (fgmﬁar&d with the stable foot. This finding
explained the deficit of pemneal slmngih dunng stance phase based on a

during gait. Thirty females were assigned to a foot -Imding group: toe-out, toe-in or
neutral. Each participant walked 10 trials across a force platform while three-
dimensional ‘motion was capltured. / For toe-outl participants, greater medio-lateral
ground reaction forces of the room-coordinate system indicate éxcessive forces are
genérated by toe-oul padicipants that do not contribute to moving the participant
forward. Furthermore, mediolateral loading on the foot increases proportionally with the

degree of toe-out.

In previous study, patients with ankle instability or abnormal foot would have
abnormal ground reaction force when compared with normal foot. Addition, they had

reaction time less than normal foot,



33

The basketball players had ankle instability because of the ankle sprain.
Ankle sprain caused proprioceptive signal deficit and it also caused ground reaction
force which came from jump landing.

These studies showed that proprioceptive training will improve patients
function by decrease rate of the occurrence of ankle instability. We are interested in
applying proprioceptive training for rehabilitation program in injured basketball players
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Research design

CHAPTER IlI

Research Methodology

This study is an experimental research which aims to examine the effect of

proprioceptive training on basketbal| players and ankle instability.

Research methodology

Population and Sample

In this study, the targer pqunaﬁun was Thai basketball players who play in

basketball association gmd ﬁ:-;nre_anldp Joint-instability in age 18-30 years old. The

samples were Thai l;askem:dl players ';mn play in the association and have ankle joint-

L) A4
instability in age 18-30years old who were recruiting by following the inclusion criteria.

Inclusion Criteria

F LAY 44
’ .

>
"/)‘

Vi Pl
Being Thai-male bg_s:‘lgatblall players who play in association and

W
have experience at least 3 years.

Have history of inua;sion anidaspralﬁmore than 2 times in 6 month.

“Have ankle instability or feel gwe way (Anterior Drawer Test:

positive)

Exclusion Criteria

Have history of ankle joint fracture or operate of ankle joint

Have muscles weakness around ankle joint

Have limit range of movement in ankle joint

Have pain when move ankle joint
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