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CHAPTER |

INTRODUCTION

1.1 Background and rationale

Ankle sprain, especially the lateral ligament complex, has been

injuries are usually sustali™® . i= | — cutting, jumping, landing, and
contacting with other plax 4 d Oakes, 2001; Kofotolis and
Kellis, 2007; Cumps, Ve . 8\ %ac high recurrent rate of ankle
sprain has also been re g f PEEY ual symptoms (including pain,
swelling, weakness arl : ter their injuries (Braun, 1999;
Pijnenburg, van Diik,
2005).

1g .\gaments of the ankle represented

The bony articulatio alc

.z.ri » Rl AJ

complex mechanical struct 2 essential for normal biomechanics

of the ankle joint (l\/b 2002; O’'Brien and Freund

~d
2002; Williams I 200 ! ¢l In stabilizing the ankle joint.
The lateral ankle ||gamentous complex may be stretched or torn, known as ‘sprains’

which usually ﬁuﬁ amfﬁmwﬂm‘eﬁdﬁhd inverted foot (Giza,

Fuller, Junge aq§l Dvorak, 2003; Beynnon Vacek, Murphy, Alosa, and Paler 2005;

RRTRSn IR A
may occgr more o 0 ies than'in no cont |nJu ie n jump landing,

running on uneven terrain, stepping in a hole, or landing on another athlete’s foot
(Kofotolis, Kellis, and Vlachopoulos, 2007; Cumps et al, 2007; McKay et al, 2001;
Starkey, 2000). For the lateral ankle sprain, the anterior talofibular ligament (ATFL) is
injured first, followed by injury to the calcaneofibular ligament (CFL) and posterior
talofibular ligament (PTFL), respectively (Kofotolis et al, 2007; Puffer, 2002). Since the

anterior talofibular ligament is the weakest in the lateral ankle complex, it is the most



common injured structure as a result of plantar flexion and inversion injuries (Mangwani
et al, 2001; Puffer, 2002; O’Brien et al, 2002; Williams Ill, 2007).

Chronic ankle instability (CAl) denotes the occurrence of repetitive bouts of
lateral ankle instability, resulting in numerous ankle sprains (Hertel, 2002). Traditionally,
CAl has been attributed to 2 potential causes. The first is the mechanical instability (MI)
which is defined as laxity and excessive joint motion of the talocrural, subtalar and/ or

inferior tibiofibular joint due to structural damage of the supporting ligamentous tissue

(Tropp, Odenrick, and Gillquis 2000). The second is the functional

ﬁ i|rrent sprains and/ or a feeling of

—

5. In wradsen and Raun attributed the

instability (Fl), a condition in
giving way of the ankle (F

cause of functional inst2! nctional causes in stating that

"

functional instability rec &\_ 2ptors in the lateral ligaments

or muscles/ tendons w4 wotiation of the proprioceptive
reflex”.
Various mecha .. apsules, ligaments, muscles,

and skin around thej “Thaffer and Harrison, 2007).

Mechanoreceptors provide affe
..-*’ A-s’

¢ erlng joint movement and position as
well as contributing 10 a cgas b acts_to maintain a state of body
equilibrium. It has 15-‘ breceptors following ankle
sprain could interrupt ! TICW pisesTlh the central nervous system,

W ¥

thus leading to balance %9f|0|ts (Isakov and I\/I|zrah| 1997; Akbari, Karimi, Farahini and

FAghihzadeh ﬂ)@uﬁﬁnﬁ)ﬂ W@Wﬂ@lﬂ ﬁooa Emery, Cassidy,

Klassen, Rosyctik and Rowe 2005; Hertel 2007; Verhagen et al, 2005 and contributing
G LRGN ﬂ“‘iww SN
symptor such as giving way, pain, swelling, and muscle weakness of the ankle joint
have been reported to be the problems that interrupted the functional activity of athletes
who have recurrent sprains of the ankle (Giza et al 2003; Beynnon et al 2005; Braun,
1999; Anadacoomarasamy et al, 2005; Mangwani et al, 2001).

Understanding body’s responses to an injury is paramount for designing a
rehabilitation approach (Stacciolini, Meehan and d’Hemecourt, 2007; Williams IIl, 2007;
Benani et al, 2008; Roebroeck, Dekker, Oostendorp and Bosveld, 1998; Holme,



Magnusson, Becher, Bieler, Aagaard, and Kjaer 1999; Sekir, Yildiz, Hazneci, Ors, and
Aydin, 2007; Monahan, Hartley, Hall and Smith, 2005; Subotnick, 2002; Kinch and
Lambart, 2007; Hirth, 2007; Miller, Hunter and Prentice,2007). Ligament and soft tissue
injury results in biomechanical changes similar to those seen after an injury. Injury
results in bleeding and damage to tissue, which in turn produces pain. After the initial
insult, the inflammatory response is initiated, followed by the proliferative phase and the

maturation phase (Roebroeck et al, 1998: Benani et al, 2008; Kinch et al, 2007). The

application of specific functiong

specific adaptation to impos . //ﬁ'ple is helpful when designing a

program for functional pror fe a'ogram is to adapt the demands

gortant to promote tissue healing. The

symptoms (Braun, 1999; #7 e J A 8, Rarlsson, 2007; Stacciolini et
.“' 'l..‘I %\
al, 2007; Subotnick, Z ~c, 2007; Hunter and Prentice,

2004). Physical therapj Cluding  activites to  enhance

proprioceptive response an to %

S A-s’

‘oneous muscles may help in reducing

the residual symptoms as a. (Braun, 1999; FitzGerald and

Campion, 1996; Ka.' : ;-‘ otnick, 2002: Miller et al,
2007; Hunter and Pren ! 3, £¢

¥

Land-based exer%;ses for improving neuromusoular functions are common in the

acute and Chﬁ %rﬁe’ﬂ wﬁ%ﬁwW%ﬂ(ﬂﬁ et al, 1999; Eils and

Rosenbaum, 20 Braun, 1999; Karlsson 2007; StaCC|oI|n|et al, 2007 Subotnick, 2002;
R WINATS W'Y“JWTEI”] N o

Hydrothe§apy is the utilization of water as a therapeutic modality based on the
properties of buoyancy, viscosity, physiology of immersion and water temperature
(Hoogenboom and Lomax 2007; Mattacolar and Dwyer, 2002; Brody, 2005; Kinch et al,
2007; Kim, Kim, Kang, Lee, and Childers, 2010). Hydrotherapy is indicated in the acute,
and chronic phases of rehabilitation of sports injuries (Mattacolar et al, 2002; Kim et al,
2010). Lower extremity balance and proprioception are important for sports activity, and

a well-designed water-based rehabilitation program. Any self-perturbation activity, such



as hip flexion/ extension in waist-depth and chest-depth water while standing on the
injured ankle, will challenge balance (Mattacolar et al, 2002; Kim et al, 2010). There is
strong evidence that the use of ankle tape reduces the risk of ankle injury (Braun, 1999;
Pijnenburg, et al 2000; Anandacoomarasamy, et al 2005; Simoneau, Degner, Kramper,
and Kittleson; Burke and Bailey, 2002; Matsusaka, Yokoyama, Tsurusaki, Inokuchi, and
Okita 2001). The effectiveness of ankle taping has been studied as a function of

mechanical support of the ankle (Macdonald, 1994; Callaghan, 1997; Lohrer, Alt and

Gollhofer, 1999; Burke et al, 20C3 #2) and improvement in proprioception

.éills 2008) and postural control

(Simoneau et al, 1997; Sr
(Matsusaka et al, 2001).

Rehabilitation of prescription of sport-specific

exercise and activities ' 4 igaments, bones, and muscle

fibers without overstressiy "tation is to return an athlete to

the prior-injury level or hi “§oon as possible (Braun, 1999;

k)

Karlsson, 2007; Staccié .ni s viller et al, 2007; Hunter et al,

2004: Mattacolar et al, 80"

proprioception and musclc s

- "’r" e

habilitation program integrating
cepis is common in treating lower
extremity injuries (Holme el Predictive factors for lateral ankle
sprains included eil} c
P Vi

or extrinsic risk factor l ANKT

.“:‘ )ception, muscle strength)

ety of competition) (Beynnon,

i

Murphy and alosa, 2002.J\/Iurphy, Connolly and Beynnon, 2003). The previous studies

has recommerﬁou Ej fg Wﬂﬁﬁ wgﬂrﬁ?y physical therapist in

clinic settings, #le home program exerC|se is also important for the sprained ankle
R TRSRI EATIN TR L o
Bloch et§l, 2007). However, only a few studies have been reported on the effectiveness
of such a combined rehabilitation program for chronic ankle instability (Matsusaka et al,
2001; Mattacolar et al, 2002). Braun, (1999) reported in adult patient with ankle sprain 6
to 18 months after injury, there were 72.6% reported residual symptoms and factors
associated with moderate to severe residual symptoms were re-injury of the ankle odds
ratio; 7.21, 95%CI| (4.14-12.68). These studied recommended more extensive

rehabilitation during the subacute or later phases of ankle sprain may reduce the



likelihood of significant residual symptoms and may prevent re-injury. Moreover, the six-
weeks home-based balance training program is effective in improving static and
dynamic balance and reducing sports related injuries among healthy adolescent
(Emery, Cassidy, Klassen, Rosychuk and Rowe 2005).

Therefore, the aims of the study are to determine the effect of the 6-weeks ankle
taping combined with hydrotherapy and land-based rehabilitation program on ankle

functional ability, the number of re-injury, postural control, ankle joint position sense and

health status in athletes with gstability. This combined rehabilitation

program would be useful for 4 é inkle instability who have residual

symptoms.

1.2 Research Questi

1. Does the cor ## e Ll Med exercise with hydrotherapy
improve ankle g #H# &S -, "“"».‘ th chronic ankle instability better
than the com} =k i land-based exercise without
hydrotherapy?

2. s there (i G : L 1f™of ankle sprains in 3-month

follow ups 48 R )\ the athletes with chronic
ankle instal j y in the Ty SFRSEERETY gyioup an ,, e land-based group?
Secondary research quedfigas

3 Caﬂ 3 ¥ ﬂ%‘;ﬂ BPAE L@eise with nyarotherapy

|mprove ankle postural cghtrol in athletgg with chronic aglgle instability better

QR0 IATUUBAINGIR e v
hydrotherapy’?

2. Can the combined ankle taping and land-based exercise with hydrotherapy

improve ankle joint position sense in athletes with chronic ankle instability

better than the combined ankle taping and land-based exercise without

hydrotherapy?



3. Is there any difference in the health status of the athletes with chronic ankle

instability between the hydrotherapy group and the land-based group?

1.3 Objectives of the study

Major objectives

Minor objectives

1.

1.4 Hypothesesg‘

. To determine the numk

1. To compare the effect of combined ankle taping and land-based exercise

program with and without hydrotherapy on ankle functional ability in the athletes

with chronic ankle instability at pretest, posttest, and 3-month follow up test.

nkle sprain after 3-month follow up

between the groups an é and land-based exercise with and

without hydrother2

To compare the - y.and land-based exercise with
and without hyure ;' e v N, T athletes with chronic ankle
i '.'.' ‘

instability at pre f B - W) test.

|. ¥ and land-based exercise with

and without hydrot..ra pCsition sense in the athletes with
chronic ankle instabjlissdess A A 204 3-month follow up test.

To compare 1; ‘:i land-based exercise with
and without hy :I, " tm athletes with chronic ankle

- i¥

instability at pretest posttest and 3- month follow up test.

Hﬂ?ﬂﬂﬂﬁﬂﬂ’ﬂﬁ

L ARIAND TUAMANAY. ...

ankle instability in the combined ankle taping and land-based exercise program
with and without hydrotherapy at pretest, posttest, and 3-month follow up test.

There will be a difference in the number of re-injury of ankle sprain after 3- month
follow up between athletes with chronic ankle instability in the combined ankle

taping and land-based exercise program with and without hydrotherapy.



Minor hypotheses
1. There will be a difference in postural control between athletes with chronic ankle
instability in the combined ankle taping and land-based exercise program with
and without hydrotherapy at pretest, posttest, and 3-month follow up test.
2. There will be a difference in ankle joint position sense between athletes with
chronic ankle instability in the combined ankle taping and land-based exercise

program with and without hydrotherapy at pretest, posttest, and 3-month follow

up test.

3. There will be a A n u

éﬁ ore obtained from the SF-36

questionnaire betw™ es Jvith ' okle instability in the combined

ankle taping and. LA Ssith and without hydrotherapy at

pretest, posttest

1.5 Scope of the study

This study is a 4 \ ect of the 6 weeks training of

an ankle rehabilitation prc W kle instability who had residual

symptoms after injuries ag irs¥The intervention of this program is

a combination of ankle tapdctZitZA arcise program with and without

hydrotherapy, and e ——————————— <= casures consists of ankle

functional ability, the T oY uKIe joint position sense and

]

health status at pretest, ‘ osttest, and 3-month follow up t .

AUEINENINYINS
ARAIN TN INAY




1.6 Conceptual framework

Chronic ankle instability (CAI)

with residual symptoms
(instability, pain, swelling, muscle
weakness)

)

Acute ankle
sprains

Functional .
. L Mechanical
inatability (Fl) instability (MI)
* Neuromuscular
deficits () )

New
Rehabilitation
program
* Hydrothera;=
« Land-based.

exercise
*» Ankle tapinc

re-injury

1.7 Benefits of the st:

-
e
i,

The findings 1‘ M sffect of the rehabilitation

program for athletes ~ th chronic ankle instability wr=fher it could improve ankle

I:ZC:‘S;Z';??EmElﬁ:ﬁW%’ AL e
PRI TUAMINYAE



CHAPTER I

LITERATURE REVIEW

2.1 Incidence of lateral ankle sprain and recurrent ankle sprain

Lateral ankle sprain is one of the most common injuries sustained in sports and

Bartolozzi, and Mandelba; — @ a s Lidies 0N ankle injuries. In 2007,

Kofotolis and Kellis regor 1N ni female Greek professional

from contact injuries ¢ F:hei=m N neir results also showed that
rain (p <0.05), with an odds
ratio of 2.48 (95%Cl= 1.1, \ 1 the high risk of ankle sprain in

players who experienced aj yréMgly, Cumps et al, (2007) reported

that the incidence of acute anksZZiey 1 2 /) er 1000 hours (95%CI= 1.0-2.0). Re-

iNjuries OCCUrred o s —— L4l yers. The mechanisms of

. l't
ankle sprains were &= = 11 opponent’s foot, jumping

and suddenly changing
risk factors of ﬁn fﬂ (n= 10,393). Their
participants W@kﬂ;gj ﬂﬂm Ejlinﬁ (22.1%) players. The
report ur ﬂ ﬁatlons. McKay
et al |g ﬁ’j ﬂ ﬁﬁi Mﬁﬁﬁﬁgeﬁ nal basketball

sample; 1 ) players with a history of ankle injury, 2) players wearing shoes with air cells in

|rect|on In addition, McKay et &82001) studied injury rate and

the heel and 3) players who did not stretch muscles before the game. Moreover, a
retrospective study by Starkey (2000) provided the database of medical conditions
experienced by athletes competing in the National Basketball Association (NBA) from
the 1988-1998 season (n=9,904). The database (in frequency and percentage) showed

that among all injuries the ankle was the most common site of musculoskeletal trauma
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(1,062, 10.7%). Ankle sprains were also the most frequent occurred orthopedic injury
(942, 9.4%) and involved the lateral ligaments (874, 92.8%) followed by patellofemoral
inflammation (803, 8.1%), lumbar strains (491, 5.0%), and knee sprains (258, 2.3%).

In 2007, Kofotolis et al studied ankle injuries in 336 amateur soccer players.
They reported ankle ligament sprains accounted for 66.8% of the total injuries sustained
over two seasons which were significantly higher than the expected value (p<0.05).

Overall, most players demonstrated the number of injuries at the anterior talofibular

ligament (n= 87) was significani. ged with the expected value in relation

' éﬁf (n=5) and posterior talofibular

S revealed that most injuries

to other regions (p<0.05)..
ligament (n=5), respectn

significantly occurred th- 2 noncontact injuries (p<0.05).

'Qtory of previous ankle sprain

"‘:

and the odds ratio was 1.826

g 4
(95% Cl= 1.46-2.29). Gizy :" ?
; 2
ankle in soccer playerg®inr ban . ’

and ankle injuries most ¢fie ; £ -'f

tackled players. The most aok

- "’r" e

Wchanisms of injuries of foot and
\c Their result showed that foot
Intact between the tackling and
o e 37 lateral ankle and 31 medial
ankle. In 2005, Beyn on e e inversion sprain in 663 athletes
in high school and ;,

athletes (4.8%) suffere l 1 laee ®oraiJficreating an overall incidence

5_‘ '2003. They found that 43

i

rate of 0.85 ankle spraln‘oer 1,000 person- days of exposure to sport. Of these, there

were 32 gradﬂ %ﬁ 5?7' E’}% H‘j’;wmﬂﬁy Woods et al (2003)

studied the mefllcal injury from the medical records of 91 football clubs in English
footbaqw!]}a/ﬁ (ﬁmywqw ma;irf ankle injuries
was sprgn and rupture (67%) and most often involved the lateral ligament complex
(77%). One thirds of ankle sprain was sustained during training and two thirds during
games. Contact injuries were accounted for 59% of injuries, and 39% were non-contact
injuries. Tackling (36%) and being tackled (18%) were most common mechanisms of
sustaining an ankle sprain. The non-contact sprains were caused during landing,
twisting and turning, and running. The data also showed that 50% (n=336) of the players

who sustained ankle sprains did not use external support whereas 25% (n=167) of the
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players were using ankle taping during injury episodes. The study by Braun (1999)
assessed the 1-year outcome of standard medical care of acute ankle sprains in a
general clinic-based population. The data showed that 72.6% of patients presented with
residual symptoms after ankle sprain injury in 6 to 18 months. Of these, 40.4% reported
at least one moderate to severe symptom. Most perceived ankle weakness; 40.3% were
unable to walk 1 mile; and 43.3% were unable to jump or pivot on the ankle without

symptoms. In addition, a retrospective case-control study by Anadacoomarasamy and

Barnsley (2005) used the qualit s 'V EUE (SF 36) to evaluate the long term
outcomes of inversion ankle Stal ﬁ iport activities between the acute
inj p _ ntre — Fourteen patients (74%) had at

least one symptom at I \ satients (47%) had pain, nine
\ W seven (37%) had swelling.
Moreover, 42% of subje i 8= N\ Rand the mean time to retum to
sports was 12.9 weeks (" #fc & JFi | | N"%). No significant differences in
._ - : : \ = bodily pain, vitality, social
functioning, roIe—emotion:i ! ,.ﬁ; fund between the acute ankle
injury group and the oontrol
Two literature_revie i and_Alosa (2002) and Murphy,
Connolly and Beynn'

the body) and extrinsi thoe ®F00Jf}) risk factors of lateral ankle

¥

15-‘[ intrinsic (those from within

sprains. The most comm%p intrinsic risk factors of lateral ankle sprain is the history of at

least one prevﬁ%ﬂ{a WﬁW§ Wrﬂfrﬁﬁmy 2005; Braun 1999)

and impairment®ly persistent ankle s¥mptoms Whlch may lead to Iong term instability of
the anka MﬁQJﬂwﬁr ﬂ%ﬁ@rl@aﬂrﬂﬂrﬁZﬁ ). Extrinsic risk
factors tigat have been mveshgam}rough prospective studies include ankle bracing
and taping (McKay et al 2001; Pijnenburg et al 2000), the duration and intensity of

competition, and player position (Kofotolis 2007).
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2.2 Structures of lateral ligament complex

The lateral ligament complex of the ankle attaches the lateral malleolus to the
talus and the calcaneus. The lateral ligament complex consists of 3 ligaments: the
anterior talofibular ligament, the calcaneofibular ligament, and the posterior talofibular
ligament (Rundle, 1995; Monahan, Hartley, Hall, and Smith, 2005; O'Brien and Freund,
2002) (Figure 2.1).

The anterior talofibular ligament (ATFL) is 15-20 mm long, 6-8 mm wide and 2

mm thick. It extends from the an* # 4the tip of the lateral malleolus and runs

/ IS ligament is the primary stabilizer
I

M \gu ")) - Puffer, 2002; O'Brien et al,

obliquely forward to insert at
against inversion and pla®
2002). The ATFL is the mz 0 |ateral ankle sprains (Starkey,
2002; Kofotolis, 2007);

The calcaneofibi:y oNg, 4-8 mm wide and 3-5 mm
, . the lateral malleolus to a

W,
k)

's ning deeply to the peroneal

thick. It extends mediall;,
tubercle on the latera!

tendons. This ligament # ¥ nst inversion and dorsiflexion

(Mangwani et al 2001; Herd8, %

common injured structure i = **5’ ey, 2002; Kofotolis, 2007).

, 2002). The CFL is the second most

The posterich ;‘ J, 5 mm wide and 5-8 mm

thick. This ligament i _!! Ne - the three lateral ligaments
(Mangwani et al, 2001; P.yffer 2002). It extends from the medial surface of the lateral

malleolus and ﬁﬂeﬁ Qﬂﬂﬂﬁewgmrﬂﬁm aspect of the talus.

The PTFL is ter@gpd only in extreme dorS|f|eX|on Mangwanl et al, 2001 Puffer, 2002;

RN I Ty

Each of the lateral ligaments has a role in stabilizing the ankle or subtalar joint,
depending on the position of the foot. When the foot is in dorsiflexion, the posterior
talofibular ligament is maximally stressed and the anterior fibers of the calcaneofibular
ligament are taut, while the anterior talofibular ligament is laxity. Conversely, when the
foot is in plantar flexion, the calcaneofibular ligament is loosened and the anterior

talofibular ligament is taut (O'Brien et al, 2002; Puffer, 2002).
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Pastarior
{abefibular

llgament
Arterior talofibulas
ligament

Calcaneohbular
ligament

Figure 2.1 Lateral ligar 4# ; > \\ LO'Brien and Freund, 2002)

The subtalar joifl i< §
of the most importants jc* lt th J !
The stance limb is posmoned c

. ﬁp’- 4'.

caileus. The subtalar joint is one
tatory forces of the lower limb.
© area is situated under the center of
gravity (COG) while_the hasi saves forward during walking and
running (Tropp, 200 =

g (Tropp \ 7

foot to create moment ! ing™ e ition of the foot in relation to
i

.‘ m the ground acts on the

the COG affects the grou.qd -reaction force actlng through the center of pressure (CoP).

Rotation arourﬁruﬂ !Jhﬂuﬁjaﬂﬁ Wrﬁjcﬁrﬂ @vement to correct the

posture at the &dkle joint. The postural Correctlons occur at the ankle or called ankle
AR INIUENTINY 10
maintainghe stability of the foot beneath the COG. If only pure ankle synergy takes
place, no shear forces are produced, and any forces on the foot are counteracted by
forces acting through the COG (Tropp, 2002). The coordinations of the muscles around
the ankle and the axes of the subtalar and talocrural joints usually define the ability of
the joint to counteract external loads (torques) on the ankle. The external load typically
everts and dorsiflexes the ankle. This torque is counteracted by the strong plantar-flexor

and inverter muscles (Tropp, 2002). Moreover, a global coordination system of the ankle
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has been used to demonstrate a three-dimensional motion analysis around the ankle
joint or called triplanar movement of the ankle. Inversion and eversion were defined as a
rotation around the anterior-posterior axis (Y-axis), dorsiflexion and plantar flexion were
defined as a rotation around the medial-lateral axis (X-axis), and external rotation and
internal rotation were defined as a rotation around the proximal-distal axis (Z-axis)
(Figure 2.2) (Siegler, Lapoints and Nobilini, 1996; Omori, Kawakami, Sakamoto, Hara
and Koga, 2004).

Posterior

Anterior I-.“:Iﬁj-? o Thistal

- -
’ -

=¥t (Omori et al, 2004)

Figure 2.2 A g. 3

¥

[
2.4 Mechanis ﬂﬂﬁ:ﬁr i 71 e ‘ ,
Latera@l ns@us ||EjC u gﬂsﬂﬂ@ﬂgon a plantarflexed and

inverted foot (Kofotolis et al, 2007; @iza et al, 20@. This_may oc@r while running on

oy, JEWN PLASU A Y ILELA & vicoos o1 o

2003; Cumps et al, 2007). The weakest anterior talofibular ligament is injured first and if
the force is strong enough the calcaneofibular ligament and the posterior talofibular
ligament can be injured as well (Kofotolis et al, 2007; Mangwani et al, 2001; Puffer,
2002; O'Brien et al, 2002).

The common tests for ankle instability are the anterior drawer test and the talar

tilt test (Mangwani et al, 2001; Puffer, 2002; O’'Brien et al, 2002). Anterior drawer test is
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used to assess the anterior talofibular ligament and to measure anterior translation of the
talus within the mortise. The test is performed by stabilizing the lower extremity with one
hand while pulling the foot forward with the other hand behind the heel in a relaxed the
patient’s sitting or lying supine position. Normally, the talus may translate 2-9 mm
anteriorly, so it is important to compare the injured ankle with its noninjured counterpart
to determine whether there is a difference. A positive test is determined by a 4 mm

difference in anterior translation between the injured and the uninjured ankle (Mangwani,

2001; Puffer, 2002). Talar tilt te g=ss the calcaneofibular ligament. The

widely variability exists in ths kle may be inverted, with normal
values ranging from 5-23 € - of the ankle could indicate laxity
of the calcaneofibular 'z ‘2cd as a 6 degree difference
between the injured an”’ Seuffer, 2002).
The severity of t' 4 fter the physical examination.
Grading the ankle sprain Nation and also provides useful
information in accorda# .,’suility. Table 2.1 presents The

West Point Ankle Sprain

¥V s .
On average, Grade 1 injuries "-ﬂ
EErY)

Jful criteria for classifying injury.

i

days lost from activity, while Grade 2

sprains may result in_a los . Grade 3 sprains may result in a

loss of 4 weeks to 2 :’i;j '002).

..E i
- ¥

Table 2.1 The West Point Ankle Sprain Gradmg System (Puffer, 2002)

- fYLINBNTNYANT oo

Location of tendfness ATF‘lr ATFL CFL ATFL CFL, PTFL
vaellmﬂaﬂﬁvm ﬂ iﬂ Wﬂ Vi f'rrwéaew E(idr] aﬁnﬂcant diffuse
Weight-taring Full or partial Difficult without Impossible
ability crutches without pain
Ligament damage Stretched Partial tear Complete tear
Instability None None or slight Definite

ATFL = anterior talofibular ligament, CFL = calcaneofibular ligament, PTFL = posterior talofibular

ligament
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2.5 Ligament healing process

Healing of the ligament is the result of successive and overlapping three stages
(Figure 2.3) lasting from some days to several months or years (Oakes 1995; Benani et
al 2008). The first stage is called the inflammatory phase, and last some days to up to
some weeks. The gap between the interrupted and retracted collagen bundles is
invaded by inflammatory cells, especially polymorphonuclear leukocytes which remove

the debris of the injured part of the ligament. In addition, the released cytokines promote

the capillary growth in the scar. 2lps the next repair stage. This phase

: ® ndothelial cells migrating from the
¢====1i grating

lasts some weeks to month¢
epiligament proliferate and* “c is characterized by a high cell
density in comparison fo_4 ‘"“ omly oriented, and numerous
capillaries. The last lon~ ' ! Wears) is called the remodeling
phase. It is characterizer, -l disappearance of capillaries,
and synthesis of high*dro gt o .. of the type Il collagen which
/2 W8 es 1995; Benani et al 2008)

of healing overlaps another.
Optimal healing occurs W\ cn '% f €xercise and functional activity is
appropriate in each phase 7 es healing and results in stronger
repair. Nevertheles .‘:l[ aling and prolong the

inflammatory process. "i Che Poemiis on the grade of injury, and

¥

clinical decisions showd be based on S|gns symptoms and functional assessments

Saﬁan(aal1Fﬁ"E:1E]tzfﬁvrfy‘v1f§1vv‘EJ’]]rlli
Qmaﬂﬂ‘imum’mmaﬂ
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Inflammation
phase

Repair Remodelling
phase phase

Injury

Intensity
of
response

6 months

» MDGF etc.

Figure 2.3 The three d the cells involved (Oakes,

1995)

2.6 Pathomechanics of chr, f}{{

Chronic ankle instability= iactively reported feeling of the ankle
“giving way” after gdoka > ’ v 71: of instability resulting in
numerous ankle sp% sneder, and Perrin 2002;
McKeon, Ingersoll, Kex -l' an, Saliba, Bennett and Hertel * 08). Chronic ankle instability
(CAl) is a clini ﬂ ial causes: mechanical
instability (MI) ﬁiﬁ ﬁ%ﬂeﬁwgijﬁ GiIIquist 1985; Hertel,
2000; Hertel, 2002 Richie 2001).

N WA SNV INYNN Y, e
Changes after initial ankle sprain, which leads to insufficiencies that predispose the
ankle to further episodes of instability. These changes include pathologic laxity,
impaired arthrokinematics, synovial changes, and the development of degenerative joint
disease, which may occur in combination or isolation (Tropp et al 1985; Hertel, 2002).

Extensive mechanoreceptors are found in the lateral ligaments and joint capsule of the

talocrural and subtalar joints (Hertel, 2000). In 1995, Michelson and Hutchins studied
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mechanoreceptors in human ankle ligaments from five cadavers. They found more
abundant of type-ll and type-lll mechanoreceptors than type-I mechanoreceptors in
ATFL, CFL and PTFL. The presence of type-Il receptors, which sense the initiation of
joint movement, in ligaments implies that the initiation of motion of the human ankle
involves stress transmission through these ligaments. Type-lll receptors are also
abundant and active at the extreme of joint movement. They probably act to alert the
1995). Mechanoreceptors sense

CNS of imminent danger to the joint (Michelson,

increased tension in ligaments ¢ 24°nt message through afferent pathway

//ii sent to the target muscle which

™ (Hertel, 2000). A disruption of

to the spinal cord. In respon
can slow or reverse the =
sensory receptors withiz \\\ re is believed to result in a
decreased ability to se: | 2000). Mechanoreceptors
are located in the joint ¢~ s, and the skin (Aydin, Yildiz,
Yildiz, Atesalp, and Kaiyo:

In 1965, Freent ucribed the concept of ankle

functional instability (FI). o oroceptive deficits after ligament

Al
injury. Over the past 2 deCades %

-l""'I -!;- I.A‘-E

ciericies among individuals with either

acute ankle sprains or chroaif ceen demonstrated by quantifying

deficits in ankle prd F‘ 1es, postural control, and

v,
strength (Hertel, 2007} O affibe caused by mechanical

! lp ¥

instability, functional stab}ty, ora Comblnatlon of these entities (Hertel, 2002).

ﬂumwﬂmwmm
QW’Wﬂﬂﬂ‘iﬂJNﬁﬁ’mmaﬂ
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2.7 Proprioception deficits with chronic ankle instability

Proprioception is the sensory awareness allows for the sensation of body
movement and position (Hertel, 2008). The receptors of proprioception are located in
joint structures, participating muscles, ligaments, tendons, and the cutaneous (Figure

2.4) (Reer and Jerosch, 2002).

= Efferent
A
»* H
Etc é
Touch Neuromuscular
1 se
//’,'.
A
sl
o J ll
Figure 2.4 The — em (Reer and Jerosch, 2002)

A )-d that the tensile strength

Freeman (1S, y.
of the mechanorecep, s IS leso g Clinective ,, ssue within which they are
embedded. These mech@gageceptors musiglpe disrupted when ankle ligaments and

caonaes re 3 LRI AN BN TS S mecrarcrecsptrs

results in deoregged sensory input tg the CNS w h may in turn @deposmonmg and
o AWARIN T URIINENE

P oprioceptive deficits after ankle injury are thought to result from damage to
mechanoreceptors in ligaments, muscles, and skin, contributing to subsequent feelings
of instability (Lentell, Baas, Lopez, McGuire, Sarrels, and Snyder, 1995; Riemann, and
Lephart, 2002; Demeritt et al, 2002). Proprioception plays an important role in the
prevention and rehabilitation of ankle injuries (Braun, 1999; Lephart, Pincivero and

Rozzi, 1999; Riemann, 2002; Mencher, 2002; Subotnick, 2002; Hunter, and Prentice,
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2004; Verhagen et al, 2005; Kinch et al, 2007; Hirth, 2007; Miller et al, 2007). Joint
position sense is mediated by joint and muscle receptors as well as visual, vestibular
and cutaneous input (Reer et al, 2002). It can be measured by active or passive
positioning of the limbs. In 1987, Gross studied the effect of recurrent lateral ankle
sprains on active and passive ankle joint position sense in 14 subjects (age between 18
and 35 years) who sustained a recurrent unilateral ankle sprain involving lateral

ligaments and 7 healthy control. All of them were tested active and passive ankle joint

_Cybex® Il isokenetic dynamometer at

//ignificant main effect to indicate

control group in active joint

position sense six trials for eacla
the speed of 5 degrees/ <™
differences between the
position sense. He suoz 3 dominant role in joint angle
detection, while muscl- Wsce in the perception of joint
movement.

Loss of balance, e measured objectively with
stabilometry, involving 4  \\ re on a force platform. While

stabilometry evaluating, #ut P ret

v ; ——
across the chest. The force pla
EE N

and on one leg with arm folded
ropusterior and medial lateral shifts in

the center of mass as it i g tive _foot (Richie 2001). Postural

control is commonl ;,

sways away from his o l ar =N, TO2; Emery, Cassidy, Klassen,

.‘:" or amplitude that a person

¥

Rosychuk, and Rowe, 20.05 Akbari, Karimi, Farah|n| and Faghihzadeh, 2006; Trojian,

and McKeag, ﬂpwmﬁ fﬂ(ﬂl mw E}ﬂﬂ ﬁst be able to maintain

posture against@@ravity before progressmg to more Comphcated functional activities.
A RIRIN IR
performel more frequen@aﬁer musculoskeletal injuries. Stability of the ankle joint
during functional activities such as standing, walking, and running exists in the presence
of intact neural input from proprioceptors in joint capsules, ligaments, muscles, tendons

and skin (Lentell, 1995; Hertel, 2002; Konradsen, 2002; Delahunt, 2007).
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2.8 Ankle functional ability

Ankle functional ability is the ability to perform sport skill, multidirectional and
coordinated movements over a measurable period of time. A variety of functional
performance tasks have been developed to simulate, in a controlled environment,
actions and forces imposed on the ankle joint during normal athletic performance
(Demeritt et al, 2002). Clinicians use the functional ability test during the last stages of

rehabilitation as a criterion of return.

Jorts activity (Munn, Beard, Refshauge and

ﬂies examined the functional ability

using various tests includ: —gly ‘imx-dh;Aydln et al, 2000; Christakou,

Lee, 2002; Kinch and Lambar,

Zervas and Lavallee, & Ma, Refshauge, Kilbreath and

Crosbie, 2007; Buch#® f LN, M909), single-limb hurdle test
. kL \

(Buchanan et al, 2006 rristakou et al, 2006; Sekir et

al,2007; Yildiz et al, 2C 2 (Yildiz et al, 2009), the six-

meter and cross 6-m h "\ 5 2009, Yildiz et al studied the

reliability of 5 different . healthy males. The intraclass

correlation coefficient ICC HoWld good to high reliability. The ICC
@ﬁ& f

in the single limb hopping tesf dard error of measurement (SEM) is

.
+0.88 seconds. Thig| ik :

f ‘unction of the ankle on an

uneven surface. Ay . “‘ functions of the ankle

between female teen J gymnasts ana nealthy noriddmnasts. They found highly

LB NEl i WalilT)

gymnasts had a faster reaction time #an normal uEsained people W@EFause the exercise

coua Wb OV Gl ad It S bV Edrwe. mecery,

Sekir et 31 (2007) investigated the effects of isokinetic strengthening exercise in 24 male

is result indicated that

significant differences nftﬁne taken in_th@A&ingle limb hopping test in the trained
gymnastic gro@ %

recreational athletes with unilateral functional ankle instability. The result for the single-
limb hopping test showed significantly shortened hopping time in the injured side of the
ankle group compared to the uninjured side of the ankle group (p=0.03). Similarly, the
hopping time was shortened after training compared to pretest in the injured ankle

group (p<0.05). These significant changes were not found in the uninjured ankle group.



22

Differently, Buchanan et al (2008) examined the functional performance in 40 active
collegiate University who had a history of residual episodes of ankle giving way or
instability using the single limb hopping test. The result revealed no difference in the
single-limb hopping performance between the functional ankle instability (n=20) and the
control group (n=20), who had no history of ankle sprains. Previous studies suggested
that the single limb hopping test, the dynamic sports-specific condition, could be an

appropriate test to determine functional improvements after rehabilitation in participants

with functional ankle instability (K / 2002; Buchanan et al, 2008).

SF-36 is one oG - v s e "SF" stands for "short form",
and the "36" refers to Wy ey W uestions. SF-36 is the best
‘ tatus. The SF-36 consists of
8 health concept subsc W:cores. Subscales included in
the physical component ' Fa v ' ‘ ing, role-physical, bodily pain,
and general health. Subsce. component summary are vitality,
social functioning, role emot|ontq X7 h (Binkley, Stratford, Lott, and Riddle,
1999; Marsh, 2009) e y

ly Y |

The SF-36 hj p e #cd gl many countries. In 2007,

¥

Songsakon, Silpakit and ‘Jdomsubpayakul reported the Thailand normative data of the

SF-36 health ﬂéuﬁ ’3 Vslhﬂeﬂrﬁa' w ﬁﬂﬂﬁgkok people are lower

than their US Ccﬂl\terparts in all domélns Songsakon and Colleagues (2007) suggested

= QRINIA TSN INYIRY =

patient p§pulations, and the effect of interventions on health-related quality of life.
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2.10 Rehabilitation program of ankle instability

Rehabilitation of athletic injuries requires the prescription of sport-specific
exercise and activities that challenge recovering tendons, ligaments, bones, and muscle
fibers without overstressing them. Freeman et al (1965) stated that the danger to
ligaments and their associated mechanoreceptors has been shown to result in deficient
proprioception after injuries of the ankle. Therefore, rehabilitation for such injuries must

be taken into account not only the structural abnormality, but also the loss of sensory

feedback that resulted. Specific # 7 le rehabilitation have been developed

/ nd it has been shown that these
I

ts N ramm— iUt proprioceptive training

to restore lost proprioceptic
exercises give better func®
(Freeman et al,1965).

Rehabilitation br’ . L 2signed in order to induce the
appropriate amount of loy, == _ ‘“ stage and timing of repair
(Michelson and Hutcifing g% 5 \ ; U07; Benani et al, 2008). In
1999, Holme et al inves# X : \\\ tation program in 92 subjects
after acute ligament sprad. - " v bup (n=29) were participated in
a 6 week supervised grou ' bilitation (1 hour, twice weekly) which
included comprehensive Dale oth |legs, figure of eight running,

standing on a balar’ = N the outside-inside of the

Y
—=m) only received the standard

¥

treatment of the emergency room, mcludmg strength training (standing on heels/ toes,

hop on one foﬂrﬂ E/J q:t?'l W)ﬁdﬁj@lﬁﬁm%s (standing on one

foot with eyes ofjn and closed and standmg on a balance board). After 6 weeks in the

trainin %W@ ﬁz’he injured and
uninjua S|de faana leXio version, and mversmm not for dorsiflexion.

Similarly, postural sway differed between the injured and uninjured side. In the control

feet with eyes open a !

group, there was a significant difference in strength between the injured and uninjured
side for plantar flexion, eversion, inversion, and dorsiflexion. Postural sway differed
between the injured and uninjured side. Joint position sense was not found to be
difference side to side after 6 weeks in training group. The re-injury data were shown

that, a total of 19% of all subjects suffered a recurrent ankle sprain during the 12 month
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follow-up period. There was 11/ 38 subjects in the control group (29%) sustained a re-
injury, while there was only 2/ 27 (7%) in the training group. The findings demonstrated
that supervised rehabilitation might be substantially number of re-injuries lower than the
control group, and therefore may play a role in injury prevention (Holme et al, 1999).
Accordingly, Eils and Rosenbaum (2001) investigated the effects of 6 weeks multi-
station, low-frequency exercise program in chronic ankle instability (CAl) participants.

The exercise group (n=31) received the 6-week physiotherapeutic exercise program

and the control group (n=17) «g #in the testing procedures before and
after 6 week period. The . ' ¢ ‘ ie program consists of various
proprioceptive training de _ ' 'ni trampoline, Haramed® and
Biodex® Balance Systa & in joint position sense and
postural sway was four Msin muscle reaction time. This
advantageous program i g O with the frequency of once a
week. This exercise mighy . d—oased rehabilitation program
athletes as functional r bl\\ \,.'ts for injured athletes (Kinch
and Lambart, 2007; Staaj 11 2002; Hirth, 2007; Miller et al,

2007).

2.11 Physical prope .;, ;‘
Hydrotherapy = o €Nt carries out in water by a

physical therapist and nvolved the use of the medium in e treatment of sports injuries
using the phyﬁﬂ) t al and Hamer, 1995;
Hoogenboom aq Lomax 2 7; Bro yytﬁ ﬁigjan age zxermse in water for the
injured ﬁ’ s the treatment
of speiﬁg aﬂﬁimgﬁj aﬂ‘aj’j B: the stress on
weight-bearing joint, particularly through the lower limb musculoskeletal system

(Campaion et al, 1995; Brody, 2005; Hoogenboom, 2007).

Buoyancy and gravity : Buoyancy and gravity are two generally opposing forces that act
upon a body in water and play a major role in hydrotherapy. The use of buoyancy and

gravity dominated depths depends upon the purpose for which an exercise is employed
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and the condition of the athlete being treated (Campaion et al, 1995; Brody, 2005;
Hoogenboom, 2007).

Viscosity : The viscosity of a fluid is its resistance to adjacent fluid layers sliding freely
by one another. This friction causes a resistance to flow when moving through a liquid.
The viscos quality of water allows it to be used effectively as a resistive medium

because of its hydrodynamic properties. Turbulent flow is produced when the speed of

movement reaches a critical vel ¢ y'ormed in the wake behind the moving
object, creating drag that ic it _ ‘ ifhlined object than in streamlined
objects. In turbulent flow _ | ' to the velocity squared, and
increasing the speed of & s the resistance (Campaion et
al, 1995; Brody, 2005; '
Velocity of movement: T, \\, are created when movement
reaches a critical velodiy. e : ' I\\ ater produces little drag, and
resistance is minimal. BuC 2 M i 7

than viscosity during slow n.ov nen moving rapidly through the water,

r‘” I
greater resistance can be.g = o

icant resistive or assistive property

ional to the speed of movement

(Campaion et al, 19¢ 7 .“i“‘

Hydrostatic pressure: The pressure exerted by the water at increasing depths accounts

for the cardmﬂ“ E\Jﬁé}m Hmwﬁqﬂ?neﬂt of edema control

Campaion et algfl995; Brody, 2005; Hoogenboom 2007). Pascal’s law states that the
W5 jﬁﬂ“"’?”f"ﬂ HTNY
1995; Lﬂdy, ogenboo

Hydrodynamic exercises: These exercises are specifically related to changes of shape
and based on the hydrodynamic principles of buoyancy, turbulence and metacenter
(balance in water). When changes of shape are made an alteration in the balance of the
body in water occurs due to the metacentric principle. When an object is immersed in

water it is subjected to opposing forces gravity acting downwards and buoyancy acting
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upwards. When gravity or buoyancy are equal and opposite each other the body is

balanced and in equilibrium (Campaion et al, 1995; Brody, 2005; Hoogenboom, 2007).

Hydrotherapy in sports: Sports injuries are frequently treated by traditional land-based
treatment. Water has the advantages of buoyancy which reduces the stress on weight-
bearing joints. Where pain and muscle spasm are present, the affected part should be

immersed in warm water so that the heating effects and supporting effects of the water

will bring about relaxation (Camp 4 4Brody, 2005; Hoogenboom, 2007). Itis

: '//zirculation and assist the dispersal
of hematoma and edem: n e al,ﬂy, 2005; Hoogenboom, 2007).
Swelling may be further = . \ ; suater over the limb. Hydrostatic
v ‘ NN wooart should be exercised in a
water depth level as posy J == _ §ly, 2005; Hoogenboom, 2007).
Deep water running: [ * nning consists of stimulated

running in the deep end # t Mice (vest or belt) that maintains

the head above water. Thé fo

‘he®water is patterned as closely as

possible after the pattern usegs ‘f"’-:_ 2007).
Treating an at ! woolmas a numerous advantages.

W ¥

Hydrostatic pressure maé/ reduce swelllng and a buoyancy dominated water depth

allows exermsﬂw“rﬁj@‘!rﬂﬁf k@lﬂﬁ(:ampam et al, 1995;

Brody, 2005; Haggenboom, 2007). Turbulence around the athlete requires their balance

Y N1V EY i) 1D )
hydrodyrfmlc exercise 1o uld be tha ips, knees and

ankles at the right angle and the arms forward, the heels and toes rise (Campaion et al,
1995; Brody, 2005; Hoogenboom, 2007). The warmth of the water plays a part in the
physiological effects of immersion. The temperature of hydrotherapy pools should be
maintained at 35°C. However, a range between 32°C and 34°C caters for many different
conditions treated in the pool and is suitable during rehabilitation of sports injuries

(Campaion et al, 1995; Brody, 2005; Hoogenboom, 2007). Hydrotherapy had been
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widely used in physical therapy programs, especially when exercising on land with
normal conditions of gravity is difficult and painful (Tapani et al, 2001; Mattacolar et al,
2002). The recent study, Kim et al (2010) reported the effect of aquatic (n=11) versus
land-based (n=11) exercises during early-phase recovery from acute lower extremity
ligament injuries in 22 elite athletes. All data were collected at baseline and at the 2"
and 4" week using a visual analog scale (VAS) for pain, static stability (overall stability
index [OSI] level 5 and 3), dynamic stability using the test completion time (TCT), and
percentage single-limb support

e results showed that both groups had
VAS, OSI 5 and 3, and TCT < ' ‘étant increase in %SLST at the 2™

and 4" week (P < 0.05). Nt detected between the 2 groups

in any of the outcome mz ted that for elite athletes with
acute ligament sprains £ i Wacs may provide advantages
over standard land-bas g W letic activities. Consequently,

aquatic exercise could be WRase of a rehabilitation program.

2.12 Ankle taping R

There are several st#licfiastes < 2

awareness (Robbins et al 199&Z=47/4 24

nK®: taping to improve proprioceptive

Q/; Spanos et a, 2008; Matsusaka et

al, 2001). This effe Mo <4 Ne neuromuscular system

-

\,
)

via cutaneous stimulais,™ = Cle activity around the ankle

(Robbin et al 1995). |.r 2001, Matsusaka et al studied ue combination of ankle disk

training and Wﬂ ‘ﬁ [ {w i e lateral malleolus in
University studq'\ts' v@vgw] funxl:ﬂzl!e instaﬂliﬂg sway in this group
decre o L C 2| {eur, e‘ Al j ﬁw j ﬁl trol group who
had oiaimig anﬂﬁegiﬂwnng emeiaevi Hheir study was

“checkrein”. Another common technique of ankle taping called “closed basket weave
with a double heel lock” was used in the study of Spanos et al (2008). In their study,
participants were 20 amateur athletes who involved in high contact sports and suffered
from grade | or grade Il ankle inversion sprain during their sporting activities. The
purpose of study by Spanos et al was to explore the effect of taping on proprioception of

the sprained ankle. The results indicated that there were statistically significant
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differences between taped and untapped conditions at each target angle (plantar
flexion 10 degrees: p=0.01, plantar flexion 30 degrees: p=0.03, inversion 5 degrees:
p=0.01, and inversion 20 degrees: p=0.01). This study suggested the adhesive taping
could improve the ankle position awareness. Moreover, ankle taping could improve the
mechanical stability by limiting of ankle movement. Lohrer et al (1999) studied the effect
of Leukotape group (n=19) and 3M-tape group (n=20). Ankle taping on active range of

motion in all normal ankle participants, the taping technique was applied using the 6

crossed dorsoventral and medis ¢ 4 a figure-of-8 strips or called “basket

ﬁi?ted the baseline value (untaped

:or the Leukotape group and 23

weave and heel lock”. The r™
ankle) of active inversion
degrees (at 100%) for t- qng the tape immediately, the
active inversion mover %% to 11 degrees (50%) in the
Leukotape group and ‘' 4 8 group. Comparing with the
baseline (untaped), tapiny, of active inversion (p<0.05).

AN
The baseline values ,54 degrees (at 100%) for the

Leukotape group and 53%c floes dear s

tape immediately, the aotlve ple %

r” I
33 degrees (63%) in_the Lg S ces (62%) in the 3M-tape group.

pr tIEW31W-tape group. After applying the

neri of the ankle joint was reduced to

After 20 minutes of ;, 5‘[ 0 14 degrees (64%) in the
Leukotape group and l deg: woe (Jfiup. Plantar flexion movement

¥

increased to 50 degrees.x%% in the Leukotape group and 46 degrees (87%) in the

3M-tape grouﬂrﬂueﬁj:q wﬂ% ﬁj Wcﬁﬂwﬂ ﬁon was significant only

immediately aftéftaping (p<0.001). No statlstlcally significant d|fferences were detected

betwedqrwqagl N tpcﬁrmmaﬂrﬁfﬁﬁ Hovement when

compare§l with ba eir study revealed that the ankle taping technique provides

the limitation of functional motion, both in inversion and plantar flexion component.



CHAPTER 1lI

MATERIALS AND METHODS

3.1 Research design

This study is a clinical trial ig ggtigating the effect of the six-week training

program of ankle rehabilitation, | ucted in athletes with chronic ankle
instability who had residlss 7 I : ged between 18-25 years. The
outcome measurements = [le . . =oility, postural sway, ankle joint
position sense, health 2 l -

exercise, and at follow

randomize |

Hydrotherapy grou Land-based group

(n=25)

I. Supervised by physical | e .,j-"[ al therapist
Ankle taping + land-ba 4 et based exercise
(1hr/ time, 2 times/ wk) TT}

1l. Home program exercise L\ ] r
(15 min/ time, 2 times/ wk) 5 min/ time ,2 times/ wk)

V

18

prr——n
v e
Week 0 \ [

Post-test l Follow up 3 months |

, o L 5
YRNANNIUARIINETIAY
+D

B = Outcome
A= General *Hop test C =SF-36 D = Re-injury data
Characteristics +Postural sway questionnaire = Re-injury da
+Active joint position sense

Figure 3.1 Experimental protocol
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3.2 Participants

3.2.1 Sample size calculation

In 2008, Buchanan et al studied the functional performance test (single-
limb hopping test) in participants with functional ankle instability (n=20) and in a healthy
control group (n=20). Their results showed that average time taken in the single limb
hopping test was 8.39+1.48 seconds and 6.82+1.25 seconds, respectively. The number

of participants used in the study byF nan et al was chosen in calculating sample

size in the current study.

B =010

n/group= 2(Z 4

X, = 8.39.
o’ = poolec
n/group= 2(

= 16/gradp
To justiﬁiation tﬁ‘eﬂrop—out in thi@btudy, 25 parti%ants per group were

UHINUNIWET

WIS INANY, . ....

activities. They were recruited from various University sport clubs such as basketball,

recruited.

volleyball, soccer and rugby. In order for the participants to be included in this study,
they had to meet the following criteria (Lentel et al, 1990; Konradsen et al, 2002;
Demeritt et al, 2002; Buchanan et al, 2008) using a self-recording form (Appendix A);

1) have a recurrent unilateral inversion sprain at least one time within the past

one year.
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2) have the residual episodes of “giving way” or instability while walking/running
in sports activities.

3) no report of either fracture or neurological disorders to the lower extremity.

4) no allergy to zinc oxide compound.

All participants were informed about the procedures of the study from the
researcher and were required to sign in a written informed consent form (Appendix B).

Participants had the right to interrupt their participation from the study at any time, and

were informed that any publicaties gould be anonymous.

' //ﬁeﬁormed with a simple random

Randomized allocati

sampling technique. Th of white paper were written

“hydrotherapy” and anott

3.3 Instrumentation
1. A Kistler 2812 Share analysis system (Kistler,
Piezo-Messtech:

2. The Biodex syéte, \ (Biodex Medical Systems Inc,

Shirley, NY, USA)

The hopping course cq_\_/ .. 7

Weight scalq : (' ’

Height scales V- S ‘I

S

Rigid tape or n. .r -elastic adriesive ape size 3. 75 In wide (Neosports tape, zinc

oxide adhesiv ﬁ eoplast Co., Ll
- U ATEVITNEIN
8. Stop Watch (Casio® module Mo. 2519, Casjgscomputer Co.,lgid. Japan)

ﬂmmmmm'mma

10. F ot ball (Adidas, Singapore)

©

11. Basketball (FBT, Thailand)
12. Volleyball (FBT, Thailand)
13. Medicine ball 4 kilograms
14. Foam pad (Thera-band, blue,)

15. Wobble board (BodyTrends; West Palm Beach, Florida)
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16. Latex free exercise band (Thera-band ; Blue, Silver, Gold)

17. Bicycle ergometer (Marathon, Taiwan)

34 Outcome measurements

3.4.1 Independent variables

Two rehabilitation programs:

1) The new design

/ n_program which consists of ankle
"

taping, land-ba™"" ise, ydr _-nd home program exercise.

- taping, land-based exercise

3)  Postural G }, area of CoP
L v.

Active ankl Il )|n -

@*ﬁﬁﬁﬁ%ﬂW%Wﬂﬂni

3.5 Measurements

ﬂmmnimum'mmaa

1 Single-limb hopping test
The hopping course was constructed of hardwood and consists of eight squares
(13-in x 13-in each square), four of which are even, one square has a 15 degrees
increment, another square has a 15 degrees decrement, and two squares show a 15
degrees lateral inclination (Figure 3.2). The hopping course was placed on a rubber mat

that was laid on a hard surface. The rubber mat prevented the course from moving while
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testing (Demeritt et al, 2002; Buchanan et al, 2008). Test-retest reliability of the single-
limb hopping test was high (ICC=0.95, 95% CI (0.84-0.99)) (Appendix E).

pping course on one leg by
touching each area o / 4 (= t"ving the course. They were

required to start in onegy se in the opposite direction,

and finish at the same st pOI 1": .3). st result was quantified by the
time (in seconds) taken to #Smilade i o failure adds an extra second to
the time taken. All testing of :,,"—‘x"' =d with participants barefoot. Before

testing, the researcages—————— :” (he participant to practice

it. Four practice trials" _f_lj S s with the test. The single-

limb hopping test was®erformed and repeated until five®uccessful trials for each leg,

<
with a rest of i uﬁﬁ/ ; ﬁﬁ%kﬂﬁ',ﬁ(ﬁmchanan 2008; Yildiz
et al, 2009). Oﬁlﬁ ' T] ‘

o

SRR Gl

Figure 3.3 Single-limb hopping test
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3.5.2 Re-injury data measurement

After six weeks of the exercise program, participants were given a record form
(Appendix D). They were requested to note a number of re-injury ankle sprains in the 3
months follow up phase post exercises. If there was any injury to individual participants,
they were invited to visit the Physical Therapy Clinics and receive the standard treatment

from the physical therapist.

3.5.3 Postural swav

The postural swav="—2 3 — __:_m er force plate connected to a
computer and using the. ' N w < footplates contain electronic
pressure transducers 7 7y ' Mssting during one leg stance
(Rose, Lee, Williams, The#%c

i

of maximum amplitudes #OF : and mediolateral (Ax) sway

sctangular area, which consists

(Matsusaka et al, 20 nressure (CoP) also indicate in

standard deviation (SD) ‘ ' . 2als" Writhe Kistler amplifier (type 2812-

A13) were transformed th U= arnalogue to digital converter at a

sampling rate of 100 Hz ovasgiea i

-

the postural sway te e
p y v

igure 3.4). Test-retest reliability of

'5—?; (Appendix E).

N

Figure 3.4 The BioWare® software analysis
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In this test, the participants were asked to standing on one limb with their stance
foot centered on the platform while their knees were slightly flexed (<10 degrees) with
eyes open and arms folded across the chest for 30 seconds (Figure 3.5). They were
instructed to lift the leg not being tested by bending the knee, and holding it in 90
degrees knee flexion. The test was performed three times at each examination period
(week 0, week 6 and week 18). The best performance in which demonstrating the lowest

variables of the center of pressure (CaoP) in average displacement (mm), standard

deviation (mm2) and range (mm2 Zfor statistical analysis (Verhagen et al,

2005; Sefton et al, 2009).

o

ARA TR
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3.5.4 Active ankle joint position sense testing

Testing was performed using the Biodex System 3 dynamometer at the position
of 30 degrees ankle plantar flexion and 15 degrees ankle inversion. The barefoot being
tested was placed in the mid plantar flexion — dorsiflexion position, and was secured
with Velcro straps. The knee was placed at 90° flexion and the thigh was stabilized with
a Velcro strap. Prior to the testing, the Biodex dynamometer was calibrated as a part of

the regular equipment maintenance schedule for this testing device.

To initiate the test, the fo was placed in the neutral (0 degrees)

position. All participants we

visual cues to joint repCE® "Selves with the testing device,

participants were instruct repetitions of ankle movement

ranging from maximal r' Maxion. The test was started with

the participants actively 4 %, at the velocity of 2 degrees/

second into the target wao stopped at the 30 degrees

ankle plantar flexion. : B\ ‘n ntrate on this position for 5

5
"'u

seconds with isometric h |lc®/as moved back to the opposite

end range of motion at th fel J.ﬂ ./ s€cond. The participants were then

asked to actively reproduce -"':1': _.-'f of 30 degrees ankle plantar flexion

(Figure 3.6 A). Six¥i= Gt test, the similar testin
g 7 Y g

protocol was used for ! 2 Suembn of active positioning at 15

degrees ankle inversion (A d|n et al, 2000; Beynnon et al, . 002) (Figure 3.6 B).

B
Figure 3.6 Active ankle joint position sense test at plantar flexion 30 degrees (A), and

inversion 15 degrees (B)
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The relative error (RE) was determined from the arithmetic difference between
the target position and the response position, with positive errors representing
overeshoot (a response with the ankle was in more extended position than the target
position) and negative errors representing undershoot (a response with the ankle was in
less extended position than the target position). The absolute error (AE) was
determined as the difference between the target position and response position without

reference to whether it constituted undershoot or overshoot. The variable error (VE) was

determined the standard deviais #an of each set of six relative errors

(Baker, Bennell, Stillman, Cn
Test-retest reliabili™ ‘tion sense at plantar flexion 30
degrees was fair (ICC=" TR% SSsinversion 15 degrees was also

in the fair range (ICC=C,

3.5.5 SF-36 qéSst

The SF-36 is a SN %0 survey with 36 questions. It

yields an 8 subscales pra, (‘ =— 1t lnd well-being scores as well as
psychometrically-based phys_ip w7 health summary measures and a

- g

C

preference-based ' akit, 2007). The 8 health

concept subscales s W tsical, bodily pain, general

health, vitality, social. nctioning, tuic-cinouuonal and ee:ntal health. Score in each

subscale can vary from (ftﬂOO, with highestores representing more desirable health

sates eyl A | 4 NE)1T)

IR TN TN
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3.6 Procedures

3.6.1 Preparation

The researcher gained clinical experience in applying several ankle taping
techniques and rehabilitation programs for the injured athletes both in sports clinics and
on field in various sport events.

The most important part in this study is the new functional rehabilitation program

using hydrotherapy as a part of thg ‘gntion designed for athletes with CAl and

residual symptoms. For this s ‘ 3r has reviewed details of previous
conservative treatments a - ' A\f ankle sprain before designing
the proper program. E - ‘ l : ; dardized and the intra-tester
reliability of single-lin ' - , O ankle joint position sense

measurements were

(Appendix E). The res dfch 4 - K\ “:earch ethical approval from

i

Prior to testing, parl. ip " the scope of the test. They were
asked to avoid medication, caés ok __--'-4 ctivity on the day of testing as well
as the day before = - ‘:J ete participants from the

University sports Club< 1 1 invited to participate in this

study. Those who d|d not meet the |nclu5|on criterion were excluded. The remaining
athletes were ﬂﬂwg technique was used
to randomize th Kes into two groups WhICh erotherapy group and the land-
based

ﬁﬁa’lgm I]nihmﬂyay roup rn;!fl a Llng land-based

and hydrotherapy exercise supervised by a physiotherapist 2 times/ week, for 6 weeks.
The participants in the land-based group received the same program with the
hydrotherapy group, however, without hydrotherapy exercise. Both groups received the
manual guidelines of home program exercise in which they were required to take 2

times/ week, for six weeks (Appendix H). This study was conducted at the Physical
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Therapy and Hydrotherapy Clinic of the Faculty of Allied Health Sciences, Thammasat
University (Rangsit Center).

Each participant was asked to attend the laboratory room, where the study was
performed (Room 305, 307 at the Department of Physical Therapy, Faculty of Allied
Health Sciences, Thammasat University (Rangsit center) at pretest, immediately posttest
and at the three months follow up. After the participants gave their consent (Appendix

B), they were randomized into three testing conditions (single-limb hopping test,

postural sway and ankle joint pog gthe ankle joint position sense tests, the

tests were randomized into.: 15 degrees degrees and plantar
flexion 30) before performe ™ n was performed to reduce the

bias.

3.6.3 Follow up

The follow up w? \:xercise program. Participants

""\.
were informed to record /"W kle sprains episodes on a self-
recording form (Appendix [ ar‘ = 'searcher on the day of follow up
JEEE . '

test. This form was given to pagi e of posttest (weeks).

3.7 Intervention S i Y |

The interventio, 1 this STCES SRERWO cor r rrent exercise programs in 6
weeks.

ﬂ U3 NS WA Troor vt

times in 6 Wee . All participants gere asked Rattend the PVlcaI therapy and
hydrot@ W" ﬁaﬁrﬂ@ WCMW% ﬂtﬂqaj Elaalth Sciences,
Thammagat University (Rangsit Center). Participants were taped with the heel lock
technique on the injured ankle by the same physical therapist. After that, they were
participated in the hydrotherapy group or land-based group according to their assigned

group (Appendix G).



40

Exercise II: home program exercise 2 times/ week (15 min/ time) for 12 times in 6
weeks. Participants were given the manual guidelines of self ankle exercise (Appendix

H).

3.7.1 Ankle taping
The taping procedure chosen in this study was the heel lock technique, using

the tape applied directly to the skin. The precise instructions of Karlsson (2007) and

Macdonald (1994) for the select nlication technique were applied to all

participants. Additionally,

taping.

Function: to support | i .V [i=} i runnecessarily.

Position: sitting on bed , Y " =d foot was set in the neutral
position. - |
Materials: 2 strips of nonela#ic ¥ inch) wide, adhesive spray, and
bandage scissors.

-
| i,

Protocol: To perfornifie ."-I astic tape is started

proximally to the Iatera i Co=siward towards the posterior

|

aspect of calcaneous 2nd then pulled tautly upwards, covring calcaneous laterally. It

continues anglﬂiﬂiﬂiﬁmﬁﬂrﬂiﬁg i ﬂaﬂrﬂjn diagonally and
' tof the [ a

posteriorly acrogy the lateral aspec heel. Then, continuedtaping medially over

IOV MR L1 by PN (101 R

point laterally to the first strip.
Check function: Is it supportive or not too tight? Asking this question while the

participant walking on the floor (Figure 3.7).
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on the left leg

3.7.2 Lower extr

All participants re Y = 'rogram for warm up and cool
down static muscle str v J.. , " lower back muscles, gluteus
muscles, hip flexor musc‘: : ’; strit W niiscles, and calf muscles (Figure
3.8 B) (hold 10 seconds/ i, 1 4eaass

. A2

——— s

Figure 3.8 Lower extremity stretching, hip flexors (A), and calf muscles (B)
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3.7.3 Hydrotherapy exercise program

Hydrotherapy exercise session was performed in the indoor hydrotherapy pool
(size 6 m x 10 m) and the water depth was separated into two levels:

1) stable platform (depth 0.80 m)

2) movable platform (depth 1.70 m)

The temperature of the pool was maintained at 33° C - 34° C (Figure 3.9) at alll

time.

Figure 3.9 Indr“ ST 200! (size 6 mx 10 m)

In the hydr A uoyancy, turbulence and
participant’'s own bod‘- reight providC8®Taisiance, as ., the adjunct use of different
aqua equipment, such aff ek, aqua noodle@id foam dumbbell. The program exercise

consists of ﬂgu& QNAE W) FWENVELR oxercise, 9 satance

training, 4) Strengthemng exercise# 5) Functiongd, skills and 6)gWarm down; lower

RN IR INE 1R E
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Figure 3.10 Hydrotherap exercisé'program: siic balance tr@iding (A), dynamic
A RAANNI U HBAIN VAL e
q

catch a ball (D), stepping with a ball (E), and deep water running (F)
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3.7.4 Land-based exercise program

In the land-based exercise program, the resistance was the participant’s own
body weight, a rubber band, or weight machine (leg press, leg curl). The program
exercise consists of 1) Warm up; lower extremity stretching, 2) Aerobic exercise, 3)
Balance training, 4) Strengthening exercise, 5) Functional skills and 6) Warm down;

lower extremity stretching (Figure 3.11) (Appendix G).

Figure 3.11 Land-based exercise program: static balance training on foam (A), dynamic
balance training on mini trampoline (B), stationary bicycling (C), rubber-band exercise

(D), functional skills in rugby (E), and functional skills in basketball (F)
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3.7.5 Home program exercise

In the home program exercise, the resistance was the participant’s own body
weight. The program exercise consists of 1) Toe raises/Heel walking, 2) Isometric ankle
(Wrestling) and 3) One leg standing on the towel (uneven surface) with slightly flexed

knee (Appendix H).

3.8 Statistical analysis

Baseline characteri!

éusing independent t tests for
4

continuous variables an Jlical variables. Effects of the 6
week interventions were rg . | N maaion two—factor [treatment group
(2) x time point (3)] an=! £ wslependent variables related to
single-limb hopping te- ' i \ position sense and SF-36.
Independent t-test pi : st hoc comparisons with a
Bonferroni correction # Aauchly’s test was used to
determine sphericity, er \"5“i‘j‘ on was used to provide a
conservative test of ANOV. v\ racions. Fisher's exact test was used
to determine the re-injury da = aths. All statistioal procedures were
performed UsiNg Sip s —— ;I of <0.05 was adopted
throughout. = ‘

iR
i 4 f dF

AuEINENINEINS
ARIAINTANMINGAE



CHAPTER IV

RESULTS

Fifty participants were recruited for the study participation. Twenty-five

participants (23 male, 2 female) we assigned into the hydrotherapy group,

and 25 participants (23 male, Jomly assigned into the land-based

group. In the hydrothera icipants (96%) completed the

protocol. The only drops » time commitment needed for

participation throughc: p, 23 of the 25 participants

(92%) completed the weeks training to the end of

3 months follow up pe ms. Data off 47 participants

completed all training ¢ \test and follow up test were

included in analysis. Théri AN -ted during this study.

4.1 Characteristics (™2

\7 .‘-’ J
The demograjm= ®m s presented in Table 4.1.
I

Independent t test re\/ealed no S|gn|f|cant difference unong the demographic data

between grou;ﬂ uﬂ gT?-l ﬁm 7w Ejml ﬂ)Tnce of playing sports

and injury S|de

ARARININURAINGARY - s

Table 4.5. There was no significant difference between the hydrotherapy group and the

land-based group for instability, pain, weakness and swelling.
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Table 4.1 Characteristics of participants

Characteristics Hydrotherapy group (n=24) Land-based group (n=23)
Age (yrs) 20.79+1.89 20.04+1.22
Gender (male/ female) 22/ 2 21/ 2

Height (cm) 172.6915.61 173.87+7.49
Weight (kg) 71.25+£9.14 77.37£16.03

% BMI (kg/m°) 23.73+2.89 25.65+4.54

Experience of playing sports (yrs) 8 50+4.30 7.39+3.65

Injury side (Left/ Right) 9/ 14

Mean + SD, significant differen

Table 4.2 Residual syr=

Residual and-based group (n=23)
symptoms No. ¢ \ f participants ~ Percentage (%)
Instability 20 87
Pain 12 52.2
Weakness 7 2 8.7
swelling 4 W IEEEEE IR ' 6 26.1

Data in the table are the number of .= fj_;" A

-

-

The number 1. £ 1g along with the kind of

sports activities are s : )n in Table 4.3. The contact spo=# consisted of rugby, football,
basketball, tae d ¢ ftball ' tm tagt sRotts, consisted of volleyball
and swimminfgﬁﬁjﬁm e fk Hﬁ;ﬂlihowed no significant
difference etyveen the hydrot eraf@roupa ‘d th&¥and-based grd¥b. Both groups had
the higﬁqﬁgra\fﬁﬂeﬁ uﬁ;l‘aam Eli]ra:t&lort&
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Table 4.3 Kind of sports

Kind of sports Hydrotherapy group (n=24) Land-based group (n=23)

No. of participants ~ Percentage (%)  No. of participants  Percentage (%)

Rugby 12 50 11 47.8
Football 7 29.2 4 17.4
Basketball 3 12.5 5 21.7
Taekwando - - 2 8.7
Softball 1 4.3

Volleyball 1

Swimming 1

Data in the table are the num:®

In hydrotherapy difference in the single-limb
hopping test between pr nd pretest and follow up test
(p<0.001) in Table 4.4. In 4 was a significant difference only
between pretest and follow up__,f_ e, = taken in the single-limb hopping test
decreased after p 't ’ rpup or land-based group.
However, there was! :, ‘r“[ the hydrotherapy group

AU ININTNEINS
IR TN TN
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Table 4.4 Comparison of the single-limb hopping test between the hydrotherapy group

(A, n=24) and the land-based group (B, n=23) at pretest, posttest and follow up test

P value P value
Parameters Groups Pretest Posttest Follow up withingroup between
test group
Single-limb A 7.30£1.37  6.14+0.89 5.92+0.83  <0.001 *°
hopping test 0.173
(seconds) B 7.40+1.56 i 6.48+0.92 0.05°

Mean * SD, using 2 - way miX6g

é ﬂ“ nferroni)

~* p).00

Significant differences from te<

a = significant difference beh:
b = significant difference be*

¢ = significant difference™octw

4.3 The number of re-inju

The re-injury data o’ gkl ﬂw Table 4.5. A total of 25.5% of all

(R
participants suffered from recurfs=

— ) while participating in sports activities
a4

during the 3-month My cfyp, 4 out of 24 participants

(16.7%) sustained ¢, y Y bants (34.8%) sustained a

T
|

re-injury in the land-bekif d groUp - eesss—_—_———cuC Of pe _ cipants suffered from the re-

Vi

injury in the hydrotherapy gagup was lower ggan that in the land-based group, but this

e UGANENTNENT
- QRAREATRURYING 1A Y

Re-injury Hydrotherapy group Land-based group Total
(n=24) (n=23) (n=47)
Yes 4 (16.7%) 8 (34.8%) 12 (25.5%)
No 20(83.3%) 15 (65.2%) 35 (74.5%)
Total 24 (100%) 23 (100%) 47 (100%)

Fisher's Exact Test (p=0.193)
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The data analysis of re-injury in 12 participants who had re-injury ankle sprain in
3 months after exercise is shown in Table 4.6. For 4 participants in the hydrotherapy
group who experienced re-injury, two were playing rugby, one played basketball, and
one played volleyball. For 8 participants in the land-based group who experienced re-
injury, two played rugby, four played basketball, and two played football. All re-injury

occurred during games or practices.

Table 4.6 The detail of re-injury 2 rexercise

Land-based group (n=8)

Data No. of Percentage

participants (%)

1. Resting day 7 87.5

1 12.5

2. Ankle 4 50

re-injury 4 50

3. Ankle 3 37.5
support

5 62.5

4. Treatment 4 50

3 37.5

1 12.5

Data in the table are the num‘@‘ participants andjgercentage (%)

- physmﬂuﬂ'msn'swmni
QW’WNﬂiﬂJNWI’J‘ﬂmaH
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4.4 Postural sway

The results of all variables of the center of pressure (CoP) are shown in Table
4.7. Increase in the displacement and area of CoP represents a less stable stance.
There was no statistically significantly difference in either the mediolateral (Ax) or
anteroposterior (Ay) displacement between groups (the hydrotherapy group and the
land-based group) and within group at pretest, posttest, and follow up test. The data

analysis of the standard deviation (SD) of the total area of CoP and range of CoP did not

show a statistical significant diffag : | ‘20 between group exercises and within

group at pretest, posttest, ar

the land-based group (R ' ( syllow up test

P value P value
Parameters within between
group group
CoP
displacement 81+4.41 0.338 0.698
(ML) B 0.19+2.27 0.218
(mm)
CoP 2 : lr"[
Displacement A Y1 ot -, 30 0.291 0.742
(AP) B 12787  0.655
(mm)
CoP area , 0.641 0.201
SD (mm?) wB 8.39:2.64 ¢ 8.08£1.95 u7.82+1.85 0g4"
CoP W—m @W . H 9 aS 0.092
Range (mfh’) B 483041828 4551+10.94 44.31+12.13 0.634

Mean + SD, using 2 - way mixed ANOVA, Post hoc analysis (Bonferroni)
ML = mediolateral displacement (Ax), + value is medial, - value is lateral
AP = anteroposterior displacement (Ay), + value is anterior, - value is posterior

CoP = center of pressure, SD = standard deviation
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4.5 Active ankle joint position sense

The data of angle of error obtained from active joint position sense tests are
presented in Table 4.8. Comparing between the hydrotherapy group and the land-
based group, there were only statistical significant differences in the relative error (RE)
and the variable error (VE) at plantar flexion 30 degrees (p=0.018 and p=0.023,

respectively).

Table 4.8 Comparison of active 2

group (A, n=24) and the lanc Toup \//at pretest, posttest and follow up

sense between the hydrotherapy

test
P value P value
Parameters Groups within between
group group
IV 15 RE A 0.741 0.894
(degrees) B 0.704
V15 AE A 0.184 0.385
(degrees) B 0.072
V15 VE A 0.135 0.806
(degrees) B 0.002 °
PF 30 RE AN a4 0623 0.018"
(degrees) B 0.467
PF 30 AE A 2.13+1.16 224%5  0.059 0.056
AU VTN S
PF 30 VE , 302 7D+@5 9. 9| d).089 0.023"
(degrees) q'B 2.83+1.56 ¢ 2.05:0.95 ol 63:0.82 0.0 "

Significanﬂdi%ference from grou T p<0.05
Significant differences from test * p<0.05
a = significant difference between pretest and posttest, p<0.05
b = significant difference between pretest and follow up, p<0.05
¢ = significant difference between posttest and follow up, p<0.05

RE = relative error, AE = absolute error, VE = variable error
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Within-group differences (time-effect) were compared among pretest, posttest
and follow up test 3 months after exercise. There were only differences among tests in
the land-based group: variable error (VE) of active ankle joint position sense at ankle
inversion 15 degrees and ankle plantar flexion 30 degrees between pretest and follow

up test (p=0.002 and p=0.002, respectively).

4.6 Health status

The data analysis of

éSF—% questionnaire was shown in

Table 4.9. There was no s =2NClw —c hydrotherapy group and the

J—

-

land-based group in all 8. =wever, within-group (time-effect)

W% functioning between pretest

and follow up test (p="4#% g \ ' en pretest and follow up test

AU ININTNEINS
IR TN TN



Table 4.9 Comparison of the SF-36 questionnaire (8 items) between the hydrotherapy

group (A, n=24) and the land-based group (B, n=23) at pretest, posttest and follow up

test
P value P value
ltems Groups Pretest Posttest Follow up within between
test group group

1.Physical A 78.08+22.55 87.50+10.00 86.96+9.86 0.039 ° 0.915
functioning B 81.74+14.11 40,64 86.59+59.93 0.211
2.Role A 0.382 0.626
physical B 0.113
3.Bodily A 0.009 ° 0.697
pain B 0.629
4.General A 0.503 0.961
health B 0.495
5.Vitality A 0.319 0.456

B 0.226
6.Social A 0.235 0.522
functioning B ' ?33118.71 0.603
7.Role A 75.00+£34.40 0.265 0.415
emotional B +24 17 0.299
8.Mental A |~:"I 0.553 0.841
health B /84114 0.868

v i¥

Mean * SD, using 2 - way m|>?d ANOVA, Post hoc ana|y5|s (Bonferroni)

i‘?”j::l::?;?@;Umﬂﬂmﬂﬂ’l N3

= significant difference between%etesthd follow u

CoARAANA SRR AN Y

9



CHAPTER V

DISCUSSION AND CONCLUSION

The purpose of this study was to determine the immediate and long term effect

of combined ankle taping and lan

xarcise with and without hydrotherapy on
ankle functional ability, the n: | g _sprains, postural sway, active ankle

joint position sense, and k2
5.1 Characteristics of ;

Forty-seven am dy and the compliance was

as good as 96% for the N for the land-based group. All

N while walking or running and
other residual symptoms Q ‘ ’ inc Wility such as pain, swelling, and
muscles weakness. However, a ‘ = “)nysically active, college-aged and still
playing sports activitwg i

y 4

The demogrd; PNt difference between the

hydrotherapy group an the land-based group for age yde’S height (cm), weight (kg),
body mass in nd residual symptoms.
It could be mﬂiﬂ En:aom;gj m‘egr:ﬂ |nd|nmls study may not be a
result ﬁ ﬁi nvolved in high
Contacﬁm a{fjr‘jm iiﬁgl ﬁzjes \ﬂtes with ankle

instability in rugby (Gibbs, 1993; Anadacoomarasamy et al, 2005), football (Giza et al,
2003; Woods et al, 2003; Kofotolis et al, 2007), and basketball (Starkey, 2000; McKay et

al, 2001; Cumps et al, 2007; Kofotolis et al, 2007).
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5.2 Ankle functional ability

There was no significant difference of the single-limb hopping performance
between the hydrotherapy group and the land-based group. These are in accordance
with previous research findings either comparing between chronic ankle instability and
the healthy control group (Demeritt et al, 2002; de Noronha et al, 2007) or comparing

between the injured and uninjured side of participants with unilateral ankle instability

(Munn, 2002; de Noronha et : 4 single-limb hopping test, one of the

ﬁsk that allows multiple joints and

en¥Der==mm—_ Potcntial reasons for a lack of

functional performance test:
structures to assist in sucs
significant difference in thz
were present in peopie “ / AR ;“‘ Noronha 2007) or that these
deficits were present by ' LS _ : i .dback from other joints and
structures while testi#g t! b l' he functional rehabilitation
program implemented | : \ % e-leg and double-leg jumping
while throwing and catct o _;'4. v ir =M running as fast as possible in

the functional skills perforr#d %

group. The similarity in this_pc bzt =4

-olMzrapy group and the land-based

am could account for no significant

difference of the si% ;_—' < apy group and the land-
7 Y]

based group. -
The finding in s study showed that participants.uad improved ankle functional

ability as de ‘gt I ~{ nce immediately after
RN IRAL N

participating in W weeks Tehabilitation program and at 3-month follow up both in the

¢
the effe f e ISakihe ifg* iM fecredtiona fletés*Witf™functional ankle

instability. Time taken in the single-limb hopping test in the injured side was significantly
shortened following exercise at posttest (10.44+3.56 seconds) as compared to the
pretest (13.27+6.27 seconds) (p<0.001). However, their study showed longer time taken
in the test when comparing to the current study in both groups whereby mean time
taken in the hydrotherapy group at pretest was 7.30+2.37 seconds and posttest was

6.14+£0.89 seconds, the land-based group at pretest was 7.40+1.56 seconds and
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posttest was 6.77+1.25 seconds. The improvement of the ankle functional ability after 6
week exercise and at 3-month follow up both in the hydrotherapy program and land-
based program might be due to two reasons. Firstly, time taken in the current study was
performed by amateur athletes who was still playing sports activities which could be
higher performance than recreational athletes in the study by Sekir et al (2007).
Secondly, there are some differences in exercise protocols. While, the functional

rehabilitation program used in the current study consisted of several exercises

(hydrotherapy, land-based exergi wvrogram) combined with ankle taping,

é i at the angular velocity of 120

‘jong-on, ‘ de. Their exercise session was

the previous study used or
degrees/ second in invers
conducted 15 repetitionss times/ week for 6 weeks.
Accordingly, B: functional performance test
(single-limb hopping tecyg '” W’een physical active players
(recreational level partci, N2 week) with functional ankle
instability and the heaI'L.;y \ p*opping test was not found to

be difference. However, ¥

into those who reported |nsLab|.

”

- —r“'p‘ ’ _-'\'.

{cility group was further stratified
.46 seconds) and those who did not

report instability (FA -NS significant difference was found

between the FAI-S e
3 VL'

further in the standard l Viae

5_‘ et al (2008) investigated

e Thd found that these values in

i

the FAI-S and FAI-NS gro*lp were not|ceably larger than those in the control group. The

larger SDs of ﬂo%ﬂﬂeﬁﬂ ﬁ ﬁdwsﬂqﬂ %sented in participants

with functional 8fhkle instability ( Buchanan 2008). In the current study, the standard
dewatla cﬁﬂﬁmw rﬁ%o@'ﬂ% m ﬂvere noticeably
lower thdp those at pretest, both in the hydrotherapy group and the land-based group
exercise. This might be used to indicate ankle functional performance improved after
participating in the functional rehabilitation implemented in the current study.

The functional rehabilitation program in the current study consists of general
exercise and specific exercise combined with ankle taping, with (the hydrotherapy
group) and without hydrotherapy (the land-based group) for athletes with chronic ankle

instability who have residual symptoms. Both groups also had training on various
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uneven surface which may improve sensorimotor control in single-limb hopping tasks. In
2002, Riemann and Lephart reviewed the sensorimotor system related to functional joint
stability. It is critical for effective motor control to have accurate sensory information
concerning both the external and internal environment. The hopping test used in the
current study was designed to measure single limb motor control on uneven surfaces,
and has been shown to differentiate stable from unstable ankle (Aydin et al, 2000; de

Noronha et al, 2007; Yildiz et al, 2009).

The test involves the time taken to hop barefoot

0, ¢ gother 4 squares inclined 15 degree in
different directions (2 in 12 , : ﬁid 1 decline). Participants were
instructed to complete th : S fé tay ' ately as possible, keeping the
foot inside each squara . \ 2.chanan, 2008). During goal-
directed behavior, suc! Wwnust be made to adapt the
motor program for hopr 44 f == environment (uneven
surface of square) an - § . \ N N center of mass because of
v bl\\ sensory triggers occurring in

both feedback (mechan

(anticipating center of maes c

AT
2002). N

‘pport surface) and feedforward

ous experience) manners (Riemann,

The finding ,;

functional ability as l onse

15‘[ Jants had improved ankle

Thing test immediately and in

¥

long term 3 months aftﬁr participating in the rehabilitation program either in the

hydrotherapy ﬂﬁj ) ﬁdﬂﬂmw g1nN39
SThQW'QO IUNRIINYINY

Twelve participants reported recurrent ankle sprain during 3-month follow up. All
of them had one re-injury. The result revealed that no significant difference of re-injury
between the hydrotherapy group (16.7%) and the land-based group (34.8%). The detail
of re-injury at 3 months after exercise in 12 participants is presented in Table 4.6. All of
them were participating in high contact sports. In the hydrotherapy group, all 4

participants had a rest less than 7 days before coming back to their sports teams. This
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could imply that all of them might have mild grade of ankle sprain. Three out of 4 had re-
injury in games, while only one had re-injury during practices. All of them did not wear
the ankle support while recurrent ankle sprain being occurred. For the treatment after re-
injury ankle sprain, 2 out of 4 participants were only rest and the others visited the
physical therapy clinic and received the standard treatment program for acute ankle
sprain. In the land-based group, 7 out of 8 participants had a rest less than 7 days but

one participant needed rest longer than 7 days. These data might be used to indicate

mild to moderate severity of

participants had re-injury in 7 ﬁ i had re-injury in practices. Three

out of 8 participants were. : ———, aving the re-injury, but another

_sprain in these participants. Four

5 participants did not weag wcpisode. After re-injury, half of

8 participants only res’ 4 \_ e used ice compression on
injured ankle by himself 4 \ . therapy clinic and received
the standard treatment pr,

The percentagefOof , ..‘ent study (16.7%) was higher

than the training group(ij o), 4 f— eval (1999). On the contrary, the

percentage of recurrent annle H

..-*’ A-s’

,nt'study was lower than the report of

(42%) re-injury in the_ stud ot al (2005). Nevertheless, there

were differences of ;, : E‘ current study, participants

were having chronic a ! en SO0(ls whereas participants in the

¥

study by Holme et al ( 19.99 were recreatlonal athletes who suffered from acute ankle

sprain Wlthoutﬂ %ﬁﬂw%ﬁnﬁﬁ Wﬂﬂﬁﬁdacoomarasamy et al

(2005) also studid in participants Wlth acute ankle inversion |nJur|es The difference in
ARSI AT I TN
of re-injufy ankle sprains.

The rehabilitation program implemented in the current study was also different
from the program used by Holme et al (1999). In the current study, both groups received
the combined program of land-based exercise and ankle taping with or without
hydrotherapy as well as additional, home program exercise twice weekly for 6 weeks. In
the study by Holme et al (1999), 24 participants in the treatment group participated in a

supervised physical therapy program (1 hour, twice weekly), which included
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comprehensive various balance exercises with both legs on a balance board, figure of
eight running, standing on the outside and inside of the feet with eyes open and eyes
closed. Their 42 participants in the control group only received the standard emegency
room informantion. The difference in rehabilitation program between studies could be
accounted for different results. In the 3-month follow up period, participants in the
current study could still participate in their teams which might lead to higher risk of re-

injury ankle sprain. High recurrent episode of ankle sprain usually occurred in the high

gied the influence of activity level on

ﬁ i§tudy was a 2-year prospective

ke sprain in the hospital. Four

level of activity. In 2009, Hare
outcome of treatment of |2t \
cohort study in patients w
groups of participants ity level: strenous, moderate,
light, and sedentary - E‘*a._ tatistically significant higher
percentage of reinjury <4 activtiy level (32.4%)
than other activity level cy al (2009) also suggested that
the treatment strategy Or - AR : »'\\\ be determined according to

the patient’s pre-injury acfvi e' '4'“

atheletic activity for patlens »

ﬁ! ‘ I
Haraguchi et al's study sus e ’AJ purrent study. Participants in the

e provided the quickest return to

of "activity pre-injury. Findings from

current study in bPe

V.
l o LT ketball)

¥

.FJ activitiy, which includes

jumping, pivoting, according to the

International Knee Docum.entatlon Commlttee (IKDC) standard (Hefti, Muller, Jakob, and

Staubli, 1993) ﬁf%ﬁqm Eﬂjﬁﬁ wajrﬁqﬂrﬁcurrent ankle sprain in

both groups in tA& current study.

- AR)ANTNNNINGAY

There was no significant difference of any outcomes indicating postural sway
either between the hydrotherapy group and the land-based group or between time
measures within the same group as presented in Table 4.7. Postural sway test during
single limb stance has frequently been used to assess sensorimotor function in

individuals who have chronic ankle instability (Hertel, 2008). The current study detailed
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the components of static balance training in water using the turbulence flow from wall jet
to perturb static balance while single-legged standing with ankle taping. Similarly, static
balance training on land was performed using uneven surface such as mini trampoline,
foam and wobble boards to perturb static balance while single-legged standing with
ankle taping. The training was performed with eyes open and eyes closed progressing
from 30 seconds to 60 seconds in both groups. In the hydrotherapy group, the

progression was also made by changing water level from chest depth to waist depth.

The ability to maintain balance _c' ; 4 a single-leg depends on the integrity

' .éﬁBrody and Dewane,2003). The

™" could attribute to no significant

of the visual, vestibular, an
similarity in this part of trar
difference in all balance 2py group and the land-based
group in the current stu-, J\ \

Shorter CoP dis' [ = | . ral sway. Sefton et al (2009)
compared the CoP disple y | kle instability (CAI) participants
(n=22) and healthy coi R _ " | \,ﬁ\ presented ML displacement

\

of CoP was -3.2242.6 i A

_
(p=0.002), AP dlsplacement

.zx'lr- ko .-
EELTON A giestinaly, the data of the healthy

=4.71 mm in the control group

’ “-.’ '

,8+1.33 mm in the CAl group and
-3.141£5.43 mm in the cop

group in the study ;, =

possible cause of th ! sl 0 UJihanged postural control of

.‘:J /ith the current study. The

¥

participants in the Current‘study given that th‘} were training with their teams. However,

afferent fibers ﬂrﬁ m%g%ﬁs‘wm ﬂﬁtlcs of group Il and Il

nerve fiber typell (Michelson and Hutchlns 1995) Receptors of group [, lll units are

~ AWTAN responggm“mﬂ“ra 5 H—

1995). Tigey may st espite damaged ligament
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5.5 Active ankle joint position sense

The current study found that the relative error (RE) and the variable error (VE) for
active ankle joint position sense tests at plantar flexion 30 degrees were statistically
significantly different between the hydrotherapy group and the land-based group as
presented in Table 4.8. In the current study, the relative error at plantar flexion 30

degrees was in a negative value in pretest and posttest indicating participants’ bias to

undershoot the testing-position ar 4 accordance with the finding of Willems

//solute error of active joint position

NS 0) m——|thy group (n=53) of physical

et al (2002) which comparet
sense between the insta
education students. Ther a. exact error of maximal active
inversion minus 5 degvref. 1“‘\\-_ control group was -2.96+2.96
degrees and -0.68+3.21 4 f )i L _ 2), and the absolute error of
maximal active invers#®T r g '_3 7 LN roup and the control group
was 3.89+2.07 degrees# 2 o es A% 2ly (p=0.161). Measuring joint
position sense requires &4 or r , o ‘.  , .a_ registration of limb positioning
and the elimination of inpuir @

determined the active ankle joidiz 4 he 6 week-isokinetic strengthening

KC¥radsen, 2002). Sekir et al (2007)

program in 24 re&s ;_—' = instability. Their results

-

\,
)

demonstrated absolui - i PUm:s at pre-exercise and post-

exercise was 2.35+1.10° degrees and 1. 33+O 62 degrees lespectwely (p<0.001) and of
inversion 20 0£2.16 degrees and
2.19+0.98 degrqs respectlvm[ﬂ ﬁmyjte erroj;c:reased after 6 weeks
of the W ﬁ eplication was
Calculgﬂgﬁ ﬁ:ﬂrjgmj:l ﬁml ﬂj ﬂ used in order

to elucidate a systematic tendency to overshoot or undershoot of angle error (Baker et
al, 2002). Despite various studies, it was not clear for the cut off point of the error angle
to indicate ankle proprioception deficits in athletes with chronic ankle instability. The
absolute error found in this population have been reported to vary between 1 to 3
degrees (Konradsen et al, 2002; Willems et al, 2002; Sekir et al, 2007), in which the

same range of absolute error was found in the current study at posttest. Howerver, these
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previous studies have some differences in protocols used in their studies for testing
ankle joint position sense, and that may not be a perfect comparison of the error angle
across studies. Despite indefinite cut-off error angle in this population, the functional
rehabilitation programs implemented in the current study was effective enough to
improve some joint position sense outcome measures.

In the current study, after the 6-week period of training the relative error was less

than 2 degrees at inversion 15 degrees and plantar flexion 30 degrees, and the variable

error was less than 3 degree:

decreasing after 6 week fr . ooth \//ﬁcept the relative error of plantar
rtht

gtrend of all variables of error angle
flexion 30 degrees which v rear arting the intervention program
in all participants (preff’ arapy group was -0.2 to -0.42
degrees, and in the lo ##2, . a \_ degrees). The 2-way mixed
analysis of variance in 4 — '” angle to be significant
difference between tie !, 7_: : ', nd-based group for both the

‘ y AN
relative error and the v& wred : \ \\ acgrees. The current study also

revealed that the land-tA St reh  Lould improve the precision of

active ankle repositioning o. pa.

..-*’ A-s’

e residual symptoms of chronic ankle
instability represented by _ths 2oth at_inversion 15 degrees and
plantar flexion 30 de.' ' .‘:‘

The similarity ! progs o (Jlups is injured ankle taping.

¥

Land-based training Con%ysted of weightbearing exercise similar to closed kinetic chain

exercise in a||ﬁtd”a%]>@h%tﬂ ﬂd‘é‘pw ﬂﬁﬂﬁtg in the hydrotherapy

group consistedlof both Welghtbearmg and non- Welghtbearlng exerC|se (deep water
runmmﬁrﬁﬂf aﬁiﬂﬁmnﬂm lge%ﬁxa tl&moneau et al
(1997) squdied the effects of taping applied over the skin of the ankle (anterior and
posterior part) on non-weightbearing joint position sense testing at plantar flexion 10
degrees. The average error angle in the non-weightbearing position with tape and
without tape was 1.531£0.84 degrees and 2.31+1.22 degrees, respectively. Their results
indicated that under the non-weightbearing condition, taping significantly improved
(p<0.05) the ability of healthy participants to percieve ankle joint position. Their study

also showed that increased cutaneous sensory feedback provided by strips of athletic
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tape applied directly to the skin would enhance joint position sense awareness,
especially in the midrange of ankle plantar flexion. The current study applied ankle
taping using the heel lock technique and not only strips of the tape because the
researcher expected the dual effects of improved mechanical stability of the ankle joint
and increased stimulation of cutaneous receptors while training in the functional
rehabilitation program. This expectation was met as results revealed that the 6-week

functional rehabilitation program could improve the joint position sense in both groups.

Variations in exercises includeg physical properties of the water and

‘ éﬁ n of the movement, as well as
p water running, only upright

non-weightbearing exercise in

floatation devices to chana
number of repetitions (C:
position is similar to w?"
warm water is advante g W%for participants in the current

'” e gravity, and therefore gives

study. The buoyancy for: g
the body the sense of iee' #7 o ry land (Campaion et al, 1995;
Brody, 2005; Hoogenb®or S in ankle joint position sense
in the current study are e ! ofankle taping and land-based or

hydrotherapy program.

5.6 Health status (S% ;_
v

There was no ®nificant difference between the™tydrotherapy and land-based
group in healthesta i“m i _ m [ i @ as presented in Table
4.9. Howeverﬂtﬂﬂnmﬂms E]s:ln:ﬁdifference in physical
functiopi il ir ; 3—‘ o) \ﬁ e cﬁ ing with before
particia(cwﬁ] ﬁﬁﬁﬁﬂ%ﬁt rﬂ&[ﬁ ' Ee It should be

noted that all participants could participate in sports activities with their teams after
finishing the rehabilitation program. Therefore, changes in scores of SF-36 at 3-month
follow up might not be the result from only the training effect of the hydrotherapy
program. It could also be the impact of the sports functional program of their teams. The
high level of training program in their sports team might improve their physical function

as well as the training effect of the hydrotherapy group. Accordingly, exercise in water
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could relieve pain as the buoyancy plays an important role in decreasing the
gravitational forces in all weight bearing activities (Campaion et al et al, 1995).
Anandacoomarasamy et al (2005) assessed the quality of life using the SF-36
questionnaire and revealed a difference in only the general health scale between the
acute ankle injuries group and the control group who have no history of lower limb
injuries. No significant differences in other SF-36 scales (physical functioning, role-

physical, bodily pain, vitality, social fun

ctioning, role-emotional and mental health) were

found between the groups. Therr' ' 4 different results of the SF-36 between

their study and the current st ‘Ipa .é?ﬂ 1dy by Anandacoomarasamy et al

were patients with acute I —rs during sports activity, and no

age cut off in their studv 0t study, the participants were
college-age amateur at" S bility with residual symptoms.
The assessment using "4 <, f J = t groups of participants and
various severities of arkle ## &3 B ealth status. The current study
supported the use of th el : 4 ,»?ubilitation program using ankle
taping with hydrotherapy . mateur athletes who have chronic
ankle instability with reS|dUa| syr 'n, tiiere is a trend within group toward
a higher score immediatel arm follow up comparing to before
training in both grou ' .‘:J

The quality of Ii ! wa i Testionnaire SF-36, which was

¥

developed within the frag;ework of the Medlcal Outcomes Study at the New England

Medical Centeﬂeﬂﬁqsﬂvﬁaﬂﬂ Wﬂé"‘ ﬂéﬁ covers general health

concepts that afd important for people in various ages disease, and treatment related

ORI PGP (R0 R

of health§rom their own viewpoint by self-administering.
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Chronic ankle instability (CAI)
with residual symptoms
(instability, pain, swelling, muscle
weakness)

]

Acute ankle
sprains

Functional

. . Mechanical
instability (F1) . e
« Neuromuscular instability (MI)

deficits (-) )

New
Rehabilitation
program
* Hydrotherapy
« Land-based
exercise
« Ankle taping
» Home program

At the end of tt; AR \ \ M mework in Chapter 1 was re-
determined. The compar ) el | Wtion program consists of ankle

taping combined with hydiffineiEadas <= exfrcise and home program (or the

hydrotherapy group), and thex :3_ 8_consists of ankle taping combined

with land-based ex e 24's study showed that each

program could impr0v ; Pli=mankle instability athletes with

|

the residual symptomé fter 6 weeks of training. Howev, the current study could not
o | € a (7} | |
indicate which bjtnwmﬂ ent of ankle functional
ability between g ﬁre not different. The n er of re-injury ankle sprain after
¢
| '
Iand—bﬁ " (:]3 0 n [ﬁn icant diffe Al Harticipants had
improvement in ankle functiona ability in individual groups, the number of ankle re-injury

was not different. Therefore, the conceptual framework was minor revised as shown in

Figure 5.1.
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5.7 Limitations of the study

1. Participants in this study were amateur athletes who have been participating
in sports activities in their teams. They might have the same performance level
comparable to healthy athletes in their team. This could be a reason of no significantly
different finding in the single-limb hopping test, the number of re-injury ankle sprains,

postural sway and health status (SF-36) outcome measures between the hydrotherapy

group and land-based group.

2. No blinded tester

é; same researcher performed both

e\ crtheless, prior to testing, the
researcher conducted a = , same measurements (single-limb

asition sense) as presented in

N

Appendix E. Having the JJ S \ measurement of time taken in

| “ [ v \
measurements are accur® oSy her performed all assessments

and trainings, all outcome ni€acliaas )as®d on participant’s performance. In

A

addition, the SF-36 questionnaidis-* A 2 ared by individual participants.

-
| !

3. There is Vet -.‘ rticipants in both groups
were athletes with ci ke, ==ied in one of rehabilitation

|

Ly
programs due to ethicar reasons.

o EHUANEN NN
ARIRINIUNANINY I Yo

taping and land-based training with and without hydrotherapy in acute or

¥

subacute ankle sprains or other lower extremity injuries.
2. Future studies could include various objective measures of ankle functional
ability such as a single-limb hop for distance, triple leg hop for distance and

agility hop test.
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5.9 Clinical implications

The new protocol of functional rehabilitation program in the current study
consists of ankle taping, hydrotherapy exercise and land-based exercise supervised by
a physical therapist and home program exercise 2 times/ week for 6 weeks. This
program is designed for athletes with chronic ankle instability who have residual

symptoms such as instability, pain, swelling, and muscle weakness, and still have

participation in their teams. In or

water level is essential for v . % éne workout by changing the water

level as well as the speed

5.10 Conclusion

The results ™ ih:
Mhombined with ankle taping,
W ove active ankle joint position

! . . .
WMHased exercise combined with

= a

ankle taping and home [, gV

instability athletes with residZ7id L </

hydrotherapy for chronic ankle

areover, both groups demonstrated

significant improvenia4: 4 e completing the program

7 —2]

and at 3-month foll %= * **functioning and the bodily

pain improved only in =2 hydrotherapy group at 3-mont®#ollow up. On the other hand,
the precision ti ‘n B ioint iti f indersion 15 degrees and
plantar flexion a;uiﬂ iﬂﬂryfﬂ ﬂﬂgnrﬁp at 3-month follow up.
The results alsg showed no si n'ficgnt differencé™n all variables®f postural sway in
mean Qrﬁf&a}lﬂdﬁmum gdqeﬂ&ajca :

q

The current study found no significant difference in the primary outcomes,
neither ankle functional ability obtaining from the single-limb hopping test nor the

number of re-injury between the hydrotherapy group and the land-based group.
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APPENDIX E

RELIABILITY STUDY

The intraclass correlation ICC) is a measure of the reliability of

ﬁ)B). In this study, the participants
A

Lar. Ten men were volunteers to

measurements or ratings (F
were the athletes who ha

test (test 1 at day 1) and ret, / 7 b NG : “%-‘_ the single-limb hopping test,

Absolute error (AE) of

No. Single-limb hoppii Active ankle joint position sense

test (degrees)
(secon) Inversion 15 Plantar flexion 30
‘: ‘ees) (degrees)

Test 1 - ' Test2 Test 1 Test 2

1 9.95 ' 0 017 | 083 | 033
2 5.69 5.£ =N 8.91 ®Ho 1.00 0.83 1.50 1.00
3 7.3ﬂ—umw I jﬂ E' O.H -i).ss 083 | 033
4 . . . 1.% 1.00 0.33
N & "] 7 017 | 0.00

6 |§ 560 5.52 770 | | 809 017 | 033 0.83 0.50
7 6.76 6.15 712 7.97 0.50 2.50 0.67 0.17
8 5.31 4.92 7.74 7.93 0.50 2.83 0.33 0.50
9 6.20 5.75 747 7.00 0.67 0.33 0.33 0.83
10 5.69 5.20 6.41 7.36 0.50 2.83 0.00 0.33
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Table E.2 Intraclass correlation coefficient (ICC)

95% Confidence Interval F Test with True
Parameters Intraclass Value 0
Correlation
Lower Upper Value Sig
Bound Bound
- Single-limb hopping test 0.838 0.988 42.828 <0.001
(second)

2. Postural sway (mmz)

0.941 8.256 0.001

Active ankle joint positicg

(degrees)

3. Inversion 15 (dec 0.942 8.446 0.001

4. Plantar flexion 30 0.938 7 868 0.002

One-way random effects mouel /= are | Wlom.

df1=9 df2=10 =

ilF

The ICCs were class ';,
0.90-099,  high rel 5-3] il

0.80-0.89, good rehapmt

oot ﬁﬂﬂﬂﬂﬂﬂ‘iwmﬂi

< 0.69, &or reliability

ama\mimum'mmaa
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APPENDIX G

EXERCISE PRESCRIPTIONS IN THIS STUDY

Table G.1The hydrotherapy exercise program

Aims Progression
Aerobic training | Slow running wi i The speed : low to moderate
carrying the resistance foam while
running
Balance \Water level : chest deep to
exercise the kner ke, ‘ % Wvaist deep

2. Dynam: ' e 2.Eyes open to eyes closed

2'Held position: 30 sec to 60 sec

1.Water level : chest deep to

2. Single-leg squat waist deep

Strengthening =leld position : 30 sec to 60 sec

N
r

-

-

e —————————————————————————————————
exercise .
i |" ‘

TiVall jet : high resistance

5-10rep

Functional skills . ﬁ@gjﬁt:vrﬂiﬂ juw rﬂﬁ ﬁﬁvel : chest deep to waist
1r h c®ba 'dedp

2. Step to the left/ right ¢ The speediélow to fast

MRS UNIINBARE o

3.jumping : double-leg, single-leg heavy

N

and throw/ catching a ball

rep = repetition, min = minute, sec = seconds,
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Table G.2 The land-based exercise program

Aims

Exercise Time Progression

Aerobic training

Cycling on stationary bike 15 min | Intensity: 80 - 95 % HR

Balance exercise

1. Static : single-leg stance with 5 rep/ 1. Uneven surface : foam, mini
the knee flexed side trampoline, wobble board
2. Dynamic : double-leg stance 2.Eyes open to eyes closed

with knee flexed Held position: 30 sec to 60 sec

and throw/ catcl

maintainina

Strengthening

exercise

Increased number of rep.

.| Increased weight resistance

| Color :week 1-2 ; blue
Waek 3 -4 ; silver

NN eek 5-6 ; gold

Functional skills

2. Steppn

Uneven surface : mini trampoline

The speed : slow to fast

3. Sprinting

rep = repetition, min = minute,

HR .= maximum hed

AU ININTNEINS
IR TN TN
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APPENDIX H

MANUAL GUIDELINES OF HOME PROGRAM EXERCISE
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