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ABSTRACT

Yagcioglu, A. (2019). The Effects of Unilateral Balance Training on Bilateral
Balance and Explosive Power Among Athletes with Chronic Ankle Instability,
Yeditepe University, Institute of Health Sciences, Department of Sports
Physiotherapy, Master Thesis. Istanbul.

The aim of the study is to investigate the effects of a 4-week, unilateral balance exercise
training program on bilateral balance and explosive power in athletes with chronic ankle
instability (CAI). The study included 28 volunteer athletes with a history of CAI (15F,
13M; 20.96+1.50 years) who registered as a team player at Yeditepe University Culture
and Sports Directorate December 2018 - May 2019. The severity of functional ankle
instability of all the athletes was assessed by the Cumberland Ankle Instability Tool
(CAIT). Functional limitations of the athletes with CAl were evaluated by Foot and
Ankle Ability Measure Activity of Daily Living Subscale (FAAM-ADL) and Sports
Subscale (FAAM-S). Balance Error Scoring System (BESS) was used to determine the
static balance performance of athletes. Dynamic balance was evaluated by the Y
Balance Test (YBT). Sport performance including vertical jumping and hopping was
assessed with Single-Legged Countermovement Jump (CMJ) Test, Figure-of-Eight Hop
Test, and Side Hop Test. The athletes were randomly divided into Rehabilitation for the
Stable Ankle Group (SG) (n=9), Rehabilitation for the Unstable Ankle Group (UG)
(n=9) and Control Group (CG) (n=10) Athletes in SG and UG were included balance
exercise training program. The balance exercise training program was administered for
only the stable ankle of athletes in SG and only the unstable ankle of athletes in UG,
twice a week and for a 4-week duration. According to the main results of this study
comparing three groups, SG and UG showed greater improvement in FAAM-ADL,
FAAM-S, BESS, YBT, CMJ, Figure-8 Test and Side Hop Test values (p<0.01 for both
SG and UG). Consistent with the hypothesis, our findings suggest that the balance
exercise training only applied to the stable ankle may provide improvements in terms of
functionality, static and dynamic balance and explosive power on the unstable ankle of
athletes with CAL.

Key Words: ankle, joint instability, athlete, cross-education, balance, rehabilitation
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OZET

Yagcioglu, A. (2019). Kronik Ayak Bilegi Instabilitesi Olan Sporcularda Unilateral
Denge Egitiminin Bilateral Denge ve Patlayien Giic Uzerine Etkisi, Yeditepe
Universitesi, Saghk Bilimleri Enstitiisii, Spor Fizyoterapisi Anabilim Dah, Yiiksek
Lisans Tezi. Istanbul.

Bu calismanm amaci, kronik ayak bilegi instabilite (KAI) ge¢misi olan sporcularda 4
haftalik, tek tarafli denge egzersiz egitimi programinin iki tarafli denge ve patlayici giic
tizerindeki etkilerini arastirmaktir. Calismaya Yeditepe Universitesi Kiiltiir ve Spor
Miidiirliigii’nde Aralik 2018 - Mayis 2019'da takim oyuncusu olarak kayithi kronik ayak
bilegi instabilite (KAI) (15K, 13E; 20.96 + 1.50 y1l) ge¢misi olan 28 sporcu dahil edildi.
Tim sporcularin ayak bilegi fonksiyonel limitasyonlar1 Cumberland Ayak Bilegi
Instabilite Anketi (CAIT) tarafindan degerlendirildi. KAI'li sporcularin fonksiyonel
kisithiliklari, Ayak ve Ayak Bilegi Kullanilabilirlik Olgiisii Giinliik Yasam Alt skalas:
(FAAM-ADL) ve Spor Alt skalasi (FAAM-S) ile degerlendirildi. Sporcularin statik
denge performansini belirlemek icin Denge Hata Puanlama Sistemi (BESS)
kullanilmistir. Dinamik denge Y Denge Testi (YBT) ile degerlendirildi. Dikey sigrama
ve yatay sigramalarin dahil oldugu spor performansi Tek Bacak Countermovement
Sigrama Testi (CMJ) Testi, Sekil-Sekiz Sigrama Testi ve Yana Sigrama Testi ile
degerlendirildi. Sporcular, randomize bir sekilde Stabil Ayak Bilegi Rehabilitasyonu
Grubu (SG) (n = 9), Instabil Ayak Bilegi Rehabilitasyonu Grubu (UG) (n = 9) ve
Kontrol Grubu (CG) (n = 10) olmak tizere ii¢ gruba ayrildi. SG ve UG grubundaki
sporcular denge egzersiz egitimi programma dahil edildi. Denge egzersizi egitim
programi, SG'deki sporcularin sadece stabil ayak bilegi, UG'deki sporcularin ise sadece
instabil ayak bilegi icin 30 dakika haftada iki kez ve 4 haftalik bir siire boyunca
uygulandi. Ug grubu birbiriyle karsilastiran bu ¢alismanm ana sonuclarma gore, SG ve
UG, FAAM-ADL, FAAM-S, BESS, YBT, CMJ, Sekil-8 Testi ve Yana Sicrama Testi
degerlerinde benzer gelismeler gostermistir (her iki grup igin p <0.01). Hipotezle
uyumlu olarak, bulgularimiz sadece stabil ayak bilegine uygulanan denge egzersizi
egitiminin, KAI'li sporcularm instabil ayak bileginde islevsellik, statik ve dinamik

denge ve patlayici gii¢ acisindan gelismeler saglayabilecegini gostermektedir.

Anahtar Kelimeler: ayak bilegi, eklem instabilitesi, sporcu, capraz egitim, denge,

rehabilitasyon
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1. INTRODUCTION AND PURPOSE

The ankle is one of the most injured joints in sports activities. Ankle injuries
account for 10-30% of all sports injuries. Among musculoskeletal injuries, the ankle
sprain is one of the most frequent encountered sports injuries responsible for about 80%
of all ankle injuries (1,2). 85% of ankle sprains are seen as lateral ankle sprains (LAS)
(3). 73% of lateral ankle sprain is considered to be caused by tear or rupture of ATFL
(1,4). Between 1977 and 2005, the systemic review of 227 epidemiological studies
involving 70 sports in 38 countries demonstrated that 11 847 of 32 509 ankle injuries
included ankle sprains. In all ankle injuries, the occurrence rate of ankle sprain is
reported to be about 99% for volleyball, 91% for basketball and 100% for handball
players (1).

The most frequent injury mechanism of lateral ankle sprains is excessive
inversion, internal twisting and plantar flexion of the foot associated with external
rotation of the lower leg (5,6). In sports, injuries most frequently happen throughout
jumping, forward pushing or cutting maneuvers especially lateral cutting movements
which are very common particularly in volleyball, basketball (2).

After the acute sprains, chronic ankle instability (CAI) develops in proportion
as 20-40% of cases that do not include appropriate treatment with strong evidence
strategies such as bracing and neuromuscular training (6,7). CAl is the term describing
cases indicating residual symptoms of instability and a sensation of “giving away” that
continues 12 months following the first ankle sprain (6).

Patients with CAl demonstrate several types of deficits consisting of decreased
range of motion (ROM) of the ankle (6), quality of ankle arthrokinematic motion (8),
postural control (8-10) and strength (6,10,11), impaired proprioception and
neuromuscular control (6,10,12) and altered gait patterns (6). It is claimed that
neuromuscular functions have changed after the initial LAS due to damage to the ankle
ligament mechanoreceptors providing proprioceptive input and the peroneal nerve (12).

Neuromuscular control (NMC) comprises the subconscious processing of
sensory information in the central nervous system (CNS) and the control of muscle
movement throughout coordinated muscle activity (13). The role of NMC is to facilitate

and maintain postural control and functional joint stability by providing dynamic



restraints during joint motion and loading (14). Any injury causing the damage of the
mechanoreceptors, changes in normal sensory input and impedes of the processing of
sensory information may cause altered NMC and consequently, result in injury or
dysfunction in postural control and dynamic joint stability and also functional ankle
instability (13-15). Even if healing is observed after injury, the function of
mechanoreceptors may not be recovered, causing NMC deficits that may lead to CAl.
Also, the level of damage to the receptors and alterations in CNS processing may
contribute to CAI. Some reports have suggested that after LAS, bilateral postural
control deficits occur with suggesting a central impairment in NMC. In addition, some
researchers observed bilateral improvements in NMC following rehabilitation for CAl
(15,16). Thus, NMC is not only controlled by peripheral mechanoreceptors but also
adaptations in the central pathways may partly cause deficits after an ankle sprain.
According to the Cochrane review (2011), neuromuscular training provides
short-term improvement for CAl-related symptoms (6). A recent study demonstrated
that the ankle positions of athletes with CAI were relatively inversion and that the ankle
orientation changed toward minimally an everted direction after 6 weeks of
neuromuscular training (17). Cruz-Diaz et al. claimed that balance training exercises
based on multi-station tasks significantly improved the self-reported sensation of
instability and dynamic balance in individuals with CAl (18). O’Driscoll et al. also
indicated that the 6 weeks of dynamic neuromuscular exercise training led to
improvements in sensorimotor control of ankle joint of athletes with CAI (19). Hale et
al. claimed that positive effects in dynamic balance and lower limb function may be
seen on the unstable ankle side following balance exercises for the stable ankle (15).
The exercise training for only the stable ankle in individuals with CAIl may
lead to postural control improvements on the unstable ankle when considering the
bilateral deficits following the unilateral injury. Therefore, clinicians are likely able to
early begin neuromuscular training including the stable ankle rehabilitation as a part of
the comprehensive rehabilitation strategy for individuals or athletes with CAI to avoid
losing time, lower extremity functions and sports performances. Many athletes return to
sports within 15 days even with many reporting pain and deficits in function and
postural control after an acute LAS (16). Researchers (20) also suggested that
neuromuscular training should be started after the pain and weight-bearing restrictions
are removed. Thus, the time spent to restore postural stability before returning to sports

is minimal, possibly resulting in increased risk for re-injury and residual dysfunction



among athletes. By starting NMC training earlier, it is possible for athletes to return to
sports without loss of function and ready for the functional requirements of the sport.
Therefore, the aim of this study was to investigate the effects of a 4-week, unilateral
balance exercise training program including balance and hop-stabilization exercises for
stable or unstable ankle on the bilateral balance and explosive power among athletes
with CAL.

Two hypotheses identified in the study:

HO: Balance exercise training applied to only the stable ankle has similar
improvements in terms of physical function, static and dynamic balance, and sports
performance compared to the balance exercise training applied to only the unstable
ankle among athletes with CAL.

H1: Balance exercise training applied to only the stable ankle has no similar
improvements in terms of physical function, static and dynamic balance, and sports
performance compared to the balance exercise training applied to only the unstable

ankle among athletes with CAL.



2. THEORETICAL FRAMEWORK AND LITERATURE REVIEW

2.1. Anatomy and Biomechanics of the Ankle

The ankle complex is composed of the talocrural, subtalar and distal tibiofibular
syndesmosis joints. The alignment of these joints is necessary for coordinated triplanar
motions of the rearfoot in main cardinal planes; sagittal plane (plantar and dorsiflexion),
frontal plane (inversion and eversion), transverse plane (internal and external rotation)
movements (5,21,22).

Mechanically, the rearfoot movement does not occur in isolation, however,
rather in the synchronized movement of these joints allow the rearfoot to move around
an oblique axis of rotation. The rearfoot does not move completely in cardinal planes
due to the oblique axes of rotation of the talocrural and subtalar joints. Pronation and
supination as coupled rearfoot motion are combined calcaneal motions. In the open
Kinetic chain, pronation comprises eversion, dorsiflexion and external rotation whereas
supination comprises inversion, plantarflexion, and internal rotation. Pronation in the
closed kinetic chain comprises eversion, plantar flexion, and external rotation, whereas

supination comprises inversion, dorsiflexion, and internal rotation (23-25).
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Figure 1.1 The overall association of the bones and the main joints of the foot and ankle (24).



2.1.1 Talocrural Joint
The talocrural joint articulation consists of the trochlea of the talus, the tibial
plafond, the medial and lateral malleolus (Figure 1.1, 1.2) (24,26).

Interosseous ligament

Talocrural joint

Anterior tibiofibular
ligament ||
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Lateral malleolus —

Medial malleolus

Deltoid ligament (cut) /(\///
Y
Y

Figure 1.2 An anterior view of the articulation of the distal part of the right tibia and fibula and the talus

forms the talocrural joint (24).

The shape of the
talocrural joint

) A carpenter's
Tibia mortise joint

Figure 1.3 The similarity between the talocrural joint (A) and a mortise joint (B) is shown (24).

A B

The shape of the talocrural joint permits transfer of the torque from the lower
limb to the foot through weight-bearing (25). Due to the similarity to the wooden joint
used by carpenters, the joint is frequently referred to as the “mortise” (Figure 1.3) and
can be considered as a hinge joint that provides plantar flexion and dorsiflexion
movement in isolation. Movement occurs around the rotational axis of the talocrural
joint passing throughout the talar body and the apexes of both malleoli. The lateral
malleolus is positioned more inferiorly and posteriorly than the medial malleolus. This
axis is slightly in the superior and anterior as it passes lateral to medial across the talus

but slightly in the posterior as it passes throughout both malleoli. Isolated motion of the



talocrural joint is mainly in the sagittal plane. Furthermore, the horizontal and frontal
plane motions occur around the oblique rotation axis (21,24-26). The axis deviates from
the medial to lateral axis approximately 6°in the horizontal plane and 10°in the frontal
plane (Figure 1.4). Therefore, dorsiflexion is accompanied by slight abduction and
eversion while plantar flexion is accompanied by slight adduction and inversion (24).
The articular surfaces of the talocrural joint are the main stabilizer against excessive
rotation of the talus and translation in the loaded ankle. Besides, the unloaded ankle is
stabilized with the integration of several ligaments, joint capsule, and musculotendinous
units (21,25).
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Figure 1.4 The oblique axes of rotation are demonstrated from posterior (A) and superior (B) (24).

The talocrural joint is enclosed by a thin capsule externally supported by
collateral ligaments involving the anterior talofibular ligament (ATFL), calcaneofibular
ligament (CFL), posterior talofibular ligament (PTFL) and deltoid ligament. The ATFL,
PTFL, and CFL provide support for the lateral part of the ankle, while the deltoid
ligament support the medial side of the ankle (21,24,25).

The ATFL adheres to the anterior side of the lateral malleolus, runs in a anterior
and medial direction towards the talar neck and shows a 44.8° angle from the frontal
plane (Figure 1.5.) (24,27). The ATFL has an average width of 7.2 mm, a length of 24.8
mm and a thickness of 2 mm (27,28). The role of the ATFL is to limit excessive
inversion and internal rotation of talus in relation to the tibia and anterior transposition
of the talus from the mortice (25). The ATFL has 2 — 3.5 times lower energy to failure
and maximal load durability than the CFL, PTFL and deltoid ligament when exposed to
tensile stresses (21,25). Therefore, the ATFL is the most often damaged ligament

among the lateral ligaments. Injury mostly occurs as a result of excessive inversion,



particularly when combined with plantarflexion which is the tautest position for the
ATFL (22,24).

The CFL courses posteriorly and inferiorly from the tip of the lateral malleolus
to the tubercle on the lateral surface of the calcaneus at an angle between 133°and
150°with the fibula (Figure 1.5.) (24,27). The average width of this CF ligament is 5.3
mm and the average length is 35.8 mm (27). It lies underneath the peroneal tendons
(28). The role of the CFL is to resist excessive inversion through the talocrural joint and
the subtalar joint and is under most tension in the dorsiflexed ankle (24,25). The CFL
and ATFL as a pair, restrict inversion through most of the ROM of plantar flexion and
dorsiflexion. Approximately two-thirds of lateral ligament injuries contain both of these
ligaments (24).
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Figure 1.5 Lateral collateral ligaments of the right ankle.

The PTFL originates on the posteromedial aspect of the lateral malleolus and
inserts on the lateral tubercle of the talus (Figure 1.5) and runs horizontally across the
posterior aspect of the talus in the posteromedial direction (Figure 1.6, and 1.10). The
main function of the PTFL is to provide stability for the talus within the mortise. It
provides restraint to excessive abduction of the talus, particularly in dorsiflexion (24).

The ligament has the least rate of isolated injuries among the lateral ankle ligaments.



Mostly, PFT ligament injuries occur in consequence of severe ankle sprains with
rupture of both ATFL and CFL (25,28).
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Figure 1.6 A superior view of the right talocrural joint. Both malleoli and all the tendons are cut (24).

The medial collateral ligament, called the deltoid ligament due to its triangular
shape contains superficial and deep layers (Figure 1.7 and 1.10). The deltoid ligament
originates from the apex of the medial malleolus and spreads following the strongest
and deeper fibers called the posterior tibiotalar part runs inferiorly and posteriorly and
attachs to the medial surface of talus, the tibiocalcaneal part inserts into the
sustentaculum tali of the os calcis, the tibionavicular part attaches to the navicular bone
(21,24,29). The deeper tibiotalar fibers play a key role in ankle stability by
strengthening the medial capsule of the talocrural joint (22,24). This strongest ligament
with a tensile strength of 714 N among the lateral ankle ligaments provides restraint
against talar shift in the direction of abduction and lateral translation (22,30). Relatively,
the deltoid ligament is rarely sprained because of its strength and lateral malleolus

acting as a bony block (24).
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Figure 1.7 Medial view of the right ankle ligaments are demonstrated (24).

2.1.2 Subtalar Joint

The subtalar joint is a complex structure formed by two articulations between
the anterior and posterior facets of the calcaneus and the talus. The joint transfers torque
from the lower limb to the foot like the talocrural joint. The posterior part consists of the
concave inferior superior facet of the talus and the convex superior posterior facet of the
calcaneus. This articulation occupies approximately 70% of the articular surface region.
The anterior articulation consisting of nearly flat, smaller joint surfaces consist of the
concave surface of the navicular, the convex head of the talus, the anterior superior
facets and the sustentaculum tali of the calcaneus. This articulation acts like a ball and
socket joint. While the head of the talus represents the ball, the proximal navicular and
anterior calcaneal surfaces form the socket. The anterior articulation lies medially and
has a higher axis of rotation than the posterior articulation. The axis of rotation is
situated 42° on the horizontal plane and 16° on the sagittal plane (Figure 1.8, A-B).
Considerable variation exists in the degrees of the axis of rotation from person to
person. Pronation and supination movements are provided while the calcaneus move

relative to the talus in a perpendicular arc to the axis of rotation (23-25).
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Figure 1.8 The axes of rotation of the subtalar joint are demonstrated from the medial (A) and superior
(B) (24).

The division between the anterior and posterior articulations is formed by the
tarsal canal and the sinus tarsi. These articulations are each enclosed by a articular
capsule including synovial membrane and fibrous capsule. The capsule is largely
supported by medial, lateral and posterior talocalcaneal ligaments, serving as secondary
stabilizers for the subtalar joint. Others classified as the deep and peripheral ligaments
are the primary stabilizers for the joint as a whole (23-25).

The CFL which is one of the peripheral ligaments limits excessive inversion and
internal rotation while the deltoid ligaments limit excessive eversion and external
rotation of the calcaneus. The other peripheral ligaments include the lateral
talocalcaneal (LTCL) and fibulotalocalcaneal (FTCL) ligaments. The LTFL and FTCL
ligaments assist in resisting extreme motion of supination of the subtalar joint (23-25).

The deep ligaments including the cervical and interosseous ligaments insert
between the talus and calcaneus. Thus, these ligaments provide nonmuscular stability to
the subtalar joint and make a barrier that seperates the anterior and posterior joint
capsules. The role of these ligaments are to limit the excessive motions, mostly notable
inversion (23-25).

Injuries of the subtalar joint occur along with injuries to the lateral ligament of
the talocrural joint. Isolated subtalar joint injuries rarely occur. Approximately %10 of

chronic ankle instability accompany subtalar instability (28).
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2.1.3 Distal tibiofibular joint

The distal tibiofibular joint referred to as a syndesmosis by anatomists articulates
with the lateral side of the distal tibia called as the fibular notch and the medial surface
of the distal fibula (Figure 1.9). A thick interosseous membrane which permits
relatively slight movement between the tibia and fibula surrounds this joint. The gliding
of the joint is essential to normal biomechanics through the complete ankle complex.
There are three major ligaments; the interosseous ligament (Figure 1.10), the anterior
inferior tibiofibular ligament (AITFL) (Figure 1.2) and the posterior inferior tibiofibular
ligament (PITFL) (Figure 1.10) (24,25,31).
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Figure 1.9 An anterolateral view of the right distal tibiofibular joint is demonstrated (24).

The ankle mortise is stabilized by these ligaments that provide dynamic support
and allow the fibula to strongly resist the fibular notch. This structural integrity of two
bones is crucial to the function of the talocrural joint. The interosseous tibiofibular
ligament, an continuation of the distal interosseous membrane serves as a stabilizer and
provides the strong bond between the distal tibia and fibula. The AITFL and PITFL
primarily stabilize the distal tibiofibular joint. These ligaments act as a constraint to
excessive external rotation of the foot and excessive motion of the distal fibula on the
tibia. The AITFL which is known to be weaker than the PITFL is common injured in

eversion position and eventuate in the high ankle sprain (24,25,31).
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Figure 1.10 Posterior view of certain ligaments of the right ankle joints are demonstrated (24).

2.1.3. Muscles and Tendons

The ankle joint is supported by lower leg muscle and tendon groups. The
muscles of the ankle and foot control the specific motions of the joints. Moreover, these
muscles provide the stability, thrust and shock absorption which are necessary for
locomotion. The majority of movement of the ankle and foot is produced by twelve
extrinsic muscles which originates from the leg and inserts into the foot. These extrinsic
muscles are divided into four compartments (Figure 1.11). The anterior compartment
includes the tibialis anterior which is primary dorsiflexor of the talocrural joint and
invertor of the subtalar joint, the extensor hallucis longus which produce dorsiflexion at
the talocrural joint and extension at the phalanges of the hallux, extensor digitorum
longus which extends the lateral four phalanges of the foot and the fibularis (peroneus)
tertius which act as a dorsiflexor and evertor of the foot. The lateral compartment is
comprised of the fibularis longus and the fibularis brevis which primarily evert the foot.
The posterior compartment composes of the gastrocnemius, the plantaris and the soleus
which are the primary plantar flexors of the ankle. Gastrocnemius also flexes the knee
and participates in locomotion while soleus in posture. The deep posterior compartment
includes the tibialis posterior, the flexor digitorum longus and the flexor hallucis longus
which are the primary evertors of the foot. With the exception of the fibularis longus
and brevis, all muscles in the posterior compartment plantarflex the talocrural joint and
also invert the subtalar joint (Figure 1.12) (24,32).
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Figure 1.11 The cross-section of the muscles and nerves located within the anterior, lateral, superficial

and deep posterior compartments of the lower leg are demonstrated (24).

Muscles work as concentric or eccentric based on their different actions. The

muscles surrounding the ankle complex are frequently defined on the basis of their

concentric actions but dynamic stability of joints is provided by eccentric functions of

the muscles. The fibularis longus and brevis are primarily involved in controlling the

supination of the subtalar joint and protecting against lateral ankle sprains. Besides, the

muscles of the anterior compartment are eccentrically contracted during forced

supination of the subtalar joint and dynamically stabilize the lateral ankle complex.

These muscles can prevent lateral ligament injuries by decelerating the plantarflexion

component of supination (25).
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Figure 1.12 The actions of lower leg muscles based on their position in relation to the axes of rotation at

the joints are demonstrated (24).

2.1.4. Innervation

Each motor nerve which innervates the muscles in all compartments is branched
from the sciatic nerve stemmed from the L4-S3 spinal nerve roots of the sacral plexus.
The motor supply comes from the common fibular and tibial nerves while the sensory
supply stems from the common fibular, tibial, sural and saphenous nerves. The common
fibular nerve (L4-S2) separates as a deep and superficial branch. The deep branch
innervates the muscles of the anterior compartment. The talocrural joint receives
sensory innervation from this branch. The superficial branch innervates the fibularis
longus and brevis within the lateral compartment. The nerve also supplies sensory
innervation to the skin on the dorsal and lateral surfaces of the leg and foot. The tibial
nerve (L4-S3) and its terminal branches innervate the rest of the intrinsic and extrinsic
muscles of the ankle and foot. A sensory branch of the tibial nerve reaches the medial
side of the ankle and innerves the skin over the heel. The joint capsule and lateral
ligaments of the talocrural and subtalar joints are innervated by mechanoreceptors
which are the specialized nerve endings regarded to provide proprioception. The muscle
spindles in the fibularis muscles is a significant factor for proprioception of the ankle
complex (24,25,33).
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2.1.5 Kinematics of Ankle

The motion of the ankle is defined as the angle of rotation of the rearfoot on the
tibia in three Cartesian axes including the anterior-posterior (x-axis), medial-lateral (y-
axis) and inferior-superior (z-axis) directions. Rotational movement of the ankle in the
Y-axis is dorsiflexion and plantar flexion while is defined as inversion and eversion in
the X-axis and internal and external rotation in the Z-axis. In a normal unconstrained of
the ankle joint, motions do not only occur in these axes (34). Due to the shape of the
talar trochlea and constraints of soft tissues within the ankle, the foot is disposed to
rotate on multiple instant centers rather than a single instant center (34-36). The
primary motions of the talocrural joint are dorsiflexion and plantarflexion, whereas the
primary motions of the subtalar joint are inversion and eversion. The internal and
external rotation occurs with the combined movement of the talocrural and subtalar
joint (34). Inversion and internal rotation occur together and are accompanied by slight
plantar flexion. In the same way, eversion and external rotation occur together and are
accompanied by slight dorsiflexion (34,37). Most of the rotational range of motion
occurs between the neutral position and dorsiflexion in the transition from plantar
flexion to dorsiflexion. The rotational range has been shown variable between 5° to 18°
by some authors (29,36).

During plantar flexion, the talus rolls to posterior while at the same time sliding
towards the anterior and makes 5°- 6° of internal rotation or adduction. During
dorsiflexion, the talus moves to anteriorly on the tibia as at the same time slide towards
posterior and makes 5°- 6° of external rotation or an abduction (24,29,35). When the
ankle is under full body load, the rotational motion of the talocrural joint on a vertical
axis without flexion is associated with internal rotation of the tibia and external rotation
of the talus (26,29). In the multi-axis dynamic system, the talus combines rolling motion
with a sliding motion with abduction and adduction in the coronal plane. When the tibia
is fixed, the talus makes pronation through dorsiflexion and supination through
plantarflexion around the anteroposterior axis and the transverse axis. When the talus is
fixed, the tibia makes external rotation throughout plantar flexion and internal rotation
throughout dorsiflexion. The range of motion varies based on the typology of the radii
of curvature of the talus (29,36).

In a Magnetic Resonance Imaging (MRI) study, the three-dimensional

kinematics showed that the talus and calcaneus did not act together as a whole. The
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calcaneal-tibial supination occurs mostly at the talocrural joint with minimal rotations
occurring at the subtalar joint (37).

The ankle joint moves approximately 70° in the sagittal line, 45°- 50° of it is
active plantar flexion and 15°- 20° is active dorsiflexion (35). The ankle motion has a
variable range from 20° to 60°with approximately 30° for walking, 37° for ascending
and 56° for descending stairs (35,36). The maximum dorsiflexion at the stance phase of
running is approximately 10° and plantar flexion is about 14° (35). The average
maximum reaction force of ankle joint is about 4 to 7 times the bodyweight of normal
people during walking. Moreover, the shear forces passing the ankle joint are
approximately 80% of the body weight. These rotational forces are controlled by the
muscles, tendon and tendon sheaths, ligaments and the talocrural surfaces under load
(36).

Functional maximal joint stability is the position where the talocrural joint is
dorsiflexed and the subtalar joint is everted with the calcaneal valgus. This position is
gained in the climbing or squatting with maximum joint congruence. During walking

and plantar flexion, the ankle has a tendency to instability (36).

2.2. Ankle Problems in Sports

All recreational activities and sports branches carry an inherent risk of injury. It
is a natural result of forcing the physical limits of the body and getting involved in
challenging competition. Foot and ankle injuries constitute the majority are common
among athletes in competitive and recreational sports. As most sports-related injuries,
management requires functional rehabilitation and early return to sports or functional
activity to perform at maximum performance with minimizing the risk of injury and
avoiding long-term results. Therefore, timing in sports is a priority such that injury
prevention and prognosis before the injury, and early diagnosis and treatment in the
presence of injuries are often given importance. Intrinsic and extrinsic factors may
provide the predisposition to injuries for athletes who are especially in running, jumping
and cutting sports and may also affect the type and severity of injuries in the foot and
ankle. Common sports-related pathologies and soft tissue injuries of the foot and ankle
consist of ankle sprains, syndesmotic injuries, midfoot sprains, Lisfranc injuries, turf toe
injuries, tendon ruptures and overuse syndromes (Achilles tendonitis, tibial stress

syndrome or stress fractures) (38—40).
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2.2.1. Ankle Sprain

The ankle is one of the most injured joints in sports activities. Ankle injuries
account for 10-30% of all sports injuries. Among musculoskeletal injuries, the ankle
sprain is most frequently encountered sports injuries accounting for about 80% of all
ankle injuries and even more responsible in some sports (1,2). 85% of ankle sprains
which account for 16-21% of all athletic injuries are seen as lateral ankle sprains (LAS)
(3,41). 73% of lateral ankle sprain is considered to be caused by tear or rupture of
ATFL (1,4). Between 1977 and 2005, the systemic review of 227 epidemiological
studies involving 70 sports in 38 countries demonstrated that 11 847 of 32 509 ankle
injuries included ankle sprains. In all ankle injuries, recurrence rate of ankle sprain is
reported to be about 99% for volleyball, 91% for basketball and 100% for handball
players (1).

The ankle sprain injuries are particularly widespread in sports branches requiring
frequent jumping, pivoting and cutting maneuvers such as basketball, volleyball,
handball, and football. Ankle sprains mostly result in pain, dysfunction, disability, the
loss of activity, treatment requirement, and economic burden. Besides, a sprained ankle
is prone to be reinjured with recurrent ankle generally leading to chronic instability
(42).

There are 3 main ligamentous ankle injury classifications comprising lateral,
medial, and syndesmotic ankle sprains. LAS are responsible for approximately 88% of
all ligamentous ankle injuries, while 6.7% for medial and 5.1% for syndesmotic ankle
injuries. Ligamentous ankle injuries are mostly common in adolescents with 15-19
years of age and young adults. In general, no difference is found between men and
women in terms of the occurrence of ankle sprains. Compared with other ethnicities,

ankle sprains show slight predominance in Caucasians and African Americans (43).

2.2.1.1. Lateral Ankle Sprain

Lateral ankle injuries are more likely than medial-sided complaints that coincide
with plantar flexion and foot inversion (44). Lateral ankle sprain (LAS) is frequently the
result from damage of lateral collateral ligaments comprising ATFL, CFL, and PTFL.
Residual symptoms after LAS have an effect on 55% to 72% of patients between 6
weeks to 18 months. The wide range of long-standing symptoms and frequency of
complications following ankle sprain lead to the diagnosis of the ‘sprained ankle

syndrome’. The severity of ankle sprains is often considered insignificant by athletes
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and non-evidence-based treatment plans for LAS may be insufficient for residual

symptoms and preventing recurrent injuries (25).

2.2.1.1.A. Pathomechanics

The ankle stability is vulnerable in plantar flexion and inversion position.
Touching the ground in this position may give rise to a large supination torque
overloaded and then damaged the lateral ankle ligaments by increasing the moment arm
of the ground reaction force compared to the forces acting on the neutral or dorsiflexed
ankle in both sagittal and coronal planes (Figure 1.13). Internal rotation of foot fixed the
ground at various degrees of dorsiflexion of the ankle is another injury mechanism,
while external rotation of the leg on the fixed ankle applies tensile stress on the ATFL
(21,45). During this movement, the medial side of the shoe sole first contacts the ground
and produces a large lever in relation to the subtalar joint axis. In this way, the large
lever may lead to a large supination torque which produces the excessive foot inversion,
overloades and then damages the lateral ankle ligaments (46).

The injury of ATFL is seen in 73% to 96% of LAS cases, whereas the CFL is
injured in 80% (21). The combination injury involving both ruptures of the ATFL and
CFL is stated as 20%. Isolated rupture of the CFL is very rare and rupture of the PTFL

extremely rare without dislocation of the ankle joint (25,41,45).

Figure 1.13 Inversion position is the main mechanism of lateral ankle sprains (5).

18



2.2.1.1.B. Risk Factors

Multiple research reports have identified predispositions for ankle sprains in
athletic cohorts classified as intrinsic or extrinsic factors. Intrinsic risk factors consist of
age, gender, height, weight, body mass index (BMI), limb dominance, previous injury,
increased tibial varum and talar tilt greater than 5 degrees (47), foot morphology
especially wide foot, reaction time of peroneus brevis, fast concentric strength of plantar
flexor muscles, slow eccentric strength for inversion, and passive inversion joint
position sense (48), poor postural stability (49,50), impaired proprioception (51), and
higher plantar flexors/dorsiflexors and evertors/invertors strength ratios (52), and
inadequate or improper rehabilitation. Extrinsic risk factors comprise specific sports or
activities at risk, competition level, type of shoe, playground, ankle taping and bracing
(52-54).

2.2.1.1.C. Sign and Symptoms

The sign and symptoms of the acute sprain injury typically is swelling,
tenderness, ecchymosis, pain over the lateral side of ankle and difficulty with movement
and full weight-bearing (25,43). The initial inflammatory response causes scar
formation predisposed to inadequate function with a 60% decrease in energy absorbing
capacity relative to uninjured natural tissue (55). Depending on the severity of the

sprain, the function generally returns from a few days to several months (25).

2.2.1.1.D. Assessments

The mechanism of injury, previous injury history, observation, and palpation
give significant information about the anatomical structures which may be injured after
an acute ankle sprain. The assessment of active, passive, and resistive ROM of the ankle
also gives an insight into the damage arising from ligaments, tendons, muscles, and
nerves (56).

The clinical evaluation consists of anterior drawer sign and inversion talar tilt
tests. Increased anterior drawer movement implies elongation or rupture of the ATFL.
Increased inversion compared with the healthy contralateral ankle indicates elongation
or rupture of the CFL or more commonly, a combination of ATFL and CFL ruptures
(41). The anterior drawer and inversion talar tilt tests are more accurate at the fifth days

following the injury than second days (56). In addition, the combination of anterior
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drawer test, localized tenderness, and hematoma assessments has 96% sensitive and
84% specific (21).

The Ottawa Ankle Rules (OARs) have validity for the clinical instrument to
determine the necessity for acute ankle injury or midfoot radiographs. Stress
radiography is an unreliable instrument to find disruption of acute ligamentous after an
acute ankle sprain (56). After an acute injury, Magnetic resonance imaging (MRI) is a
valid and reliable technique to find out tears of the ATFL and CFL. Diagnostic
ultrasound is also used for detecting the damage but less accurate and sensitive in
comparison to MRI. Arthrography and tenography have less diagnostic accuracy
compared to MRI and CT, especially in 48 hours following lateral ligamentous injury
(41,56).

2.2.1.1.E. Classification

Lateral ankle ligament injuries are classified Grade | to 111, based upon the level
of ligamentous damage and morbidity. Table 2.1 demonstrates the 3 grades of an acute
ankle sprain. Grade | sprain represents mild injury with the stretched ATFL and a
portion of some of the ligament fibers tear. However, clear ligamentous disruption is not
seen. Clinically, the patient indicates mild swelling, no or little hematoma, point
tenderness on the ATFL, no laxity and no or slight restriction of active ROM.
Sometimes, even full weight-bearing may be difficult (3,28,41).

Grade 11 sprain represents moderate injury of the lateral ligamentous structures,
commonly with a complete rupture of the ATFL and an accompanying partial tear of
the CFL. Assessment demonstrates active ROM restricted by localized swelling,
hemorrhage, ecchymosis, and tenderness on the anterolateral side of the ankle.
Abnormal lateral ligament laxity may be mild or absent. In addition, patients experience
loss of functionality in term of the capability to toe rise or jump on the injured side. In
the acute situation, a grade Il sprain accompanied by swelling and loss of function
makes it indistinguishable from a grade I1l sprain (3,28,41).

Grade I11 sprain involves complete rupture of the ATFL and CFL, probably with
the capsular tear. An additional partial tear of the PTFL may be present. The evaluation
often shows diffuse swelling, ecchymosis on the lateral aspect of the ankle and heel, and
tenderness on the ATFL, CFL, and anterolateral capsule. The anterior drawer or

inversion tests usually demonstrate moderate to severe laxity in the injured ankle.
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However, it may not be elicited during the examination due to the amount of swelling

and muscle spasm (3,28,41).

Table 2.1. Classification of acute ankle sprain according to its grade, severity,

pathophysiology and clinical findings

Grade | Severity Pathophysiology Clinical findings

Mild swelling, little hemorrhage,
) Stretch of the ATFL, causing | no laxity, tenderness on the ATFL
Grade 1 Mild _ ) o _ _
tear of the ligament fibers. and difficulty in full weight-

bearing.

Moderate injury to the lateral | Localized swelling, hemorrhage

ligamentous complex with a | ecchymaosis, and tenderness on the
Grade 2 | Moderate
complete tear of the ATFL anterolateral aspect. Abnormal

+ Partial tear of the CFL. laxity may be mild or absent.

] ’ Diffuse swelling, ecchymosis on
Complete disruption of the

Grade 3 | Severe | ATFL in company with CFL
and PTFL.

the lateral ankle and heel, laxity,
tenderness on the ATFL, CFL and

anterolateral capsule.

2.2.1.1.F. Treatments

Treatment after acute ankle injury includes protection, rest, elevation, ice and
immobilization (PRICE) for a short period (39,43,57-60). The treatment strategies for
the reduction of pain and edema, and functional improvement involve early
mobilization and non-steroidal anti-inflammatory drugs with strong evidence, exercise
and manual therapy techniques with moderate evidence. Exercise-based rehabilitation
and bracing help in the prevention of CAI (7,61). Protection from inversion is required
at this stage of healing to prevent overgrowth of the weaker type 11l collagen which may
cause permanent elongation of the ligament. The collagen tissue begins to mature at
about 3 weeks following the injury. At this phase, proper collagen fiber orientation is
promoted by controlled stress on the ligament. Also, stretching and strengthening of the
ankle prevent the detrimental consequences of immobilization on the bone, joint, and
muscle. While the ligament shows healing, the collagen matrix continues to mature.

Therefore, full return to sports or activities may be possible at 4 to 8 weeks after the
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injury. Proprioceptive training is usually initiated as soon as possible after 3 to 4 weeks.
The aim of proprioceptive exercise training is to enhance the balance and NMC of the
ankle thereby preventing recurrent ankle sprains (28,39,43,57-60).

In systematic review articles, using the supervised physiotherapy has been
shown to provide limited or moderate benefits in returning to sports or work more
quickly than in a home-based rehabilitation program. Additionally, in the later phases of
the rehabilitation, proprioceptive or neuromuscular exercises have the effect that can
prevent the recurrence of ankle ligament injuries and generally reduce risk of recurrent
ankle sprains by 35% (43). Neuromuscular rehabilitation is known to have a short term
effect, but long term follow-up results are unknown. Patients who do not show
improvement with conservative treatment may benefit from surgical intervention
(39,43,57-60).

2.3. Chronic Ankle Instability

Repetitive ankle sprains and persistent symptoms are defined as chronic ankle
instability (CAI) seen in 10-30% of individuals who suffer from acute LAS. Chronic
ankle instability has been defined as either mechanical instability related to anatomical
abnormalities of the ankle or functional instability related to posture disorders or tendon

and muscle adaptation (29,62).

2.3.1. Pathomechanics

The mechanism of the recurrent ankle instability is not considered to be different
from the first acute ankle sprains; however, it is believed that adverse changes after
initial injury make individuals predispose to recurrent sprains. The cause of CAI has
characteristically considered as mechanical instability and functional instability. The
full spectrum of abnormal situations associated with CAl is not sufficiently described
by these two terms. Clarifying the potential inadequacies that cause each instability
makes it easy to identify all of the possible causes of the CAIl. Mechanical and
functional instability are possibly not mutually exclusive. However, these intabilities are
more likely to make a continuous pathological contribution to the CAI (Figure 1.14)
(25).

2.3.1.1. Mechanical Instability

Mechanical instability of the ankle eventuates in consequence of anatomical

changes leading to inadequacies that make the ankle more prone to instability after the
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first ankle sprain. These alterations involve pathological laxity, arthrokinematics
impairments, synovial and degenerative changes that may occur in isolation or
combination (25,29).

Chronic
Ankle Instability

Impaired
Proprioception

Mechanieal
Instahility
+
Functional
Instability

Pathologic
Laxity

/  Arthro-
kinematic
Restrictions

Impaired
Neuromuscular
Control

Functional
Insufficiencies

Mechanical
| Insufficiencies

Recurrent Strength
| Degenerative Ankle Deficits |
W Changes i Sprain, Impaired

% Synovial Postural y
" Changes l Control 2

Figure 1.14 Schema of mechanical and functional inadequacies that lead to chronic ankle instability (25).

2.3.1.1.A. Pathological Laxity

Pathological laxity of injured joints may be due to the ligamentous damage of
the ATFL, CFL, and deltoid after injuries, thus causing mechanical instability for
injured joints. The degree of pathological laxity of the ankle is associated with the
degree of damage in the lateral ankle ligaments. Pathological laxity may cause ankle
joint instability in positions which may result in ensuing injury to the structures during
sports or functional activities. The clinical assessment of pathological laxity may be
physical examination, instrumented arthrometry, or stress radiography. Pathological

laxity is commonly seen in the talocrural and subtalar joints after LAS (25).

2.3.1.1.B. Arthrokinematic Impairments

Arthrokinematic impairments at any of ankle joints are another potential
insufficiency which contributes to mechanical instability of the ankle. A restricted
arthrokinematic motion due to recurrent ankle sprains may cause a fault in the position
of the inferior tibiofibular joint. The distal fibula displaced anteriorly and inferiorly may
be seen by individuals with CAl. Restricted motion of the lateral malleolus in this

displaced position may cause the ATFL to become more slack in the resting position. In
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this way, while the rearfoot supinates, the talus may pass through a greater ROM before
the ATFL is stretched. This malposition of the fibula may cause recurrent ankle
instability (25).

Hypomobility or reduced ROM, may also be considered as a mechanical
inadequacy. Limited dorsiflexion ROM is considered as a predisposing factor for LAS
(63). If the talocrural joint does not reach full dorsiflexion, the joint cannot reach the
close-packed position during stance and so, inversion and internal rotation can be
produced more easily. Also, in the closed kinetic chain, restricted dorsiflexion is usually
compensated with increased subtalar pronation. Several research findings show that

athletes who suffered from repetitive ankle sprains have restricted dorsiflexion (25,64).

2.3.1.1.C. Synovial and Degenerative Changes

Insuffiencies caused by synovial hypertrophy or the degenerative changes in the
ankle joint may also give rise to mechanical instability of the ankle. Synovitis which is
inflammation of synovial membrane is usually seen in the talocrural and posterior
subtalar joint capsules. Individuals with synovitis mostly experience recurrent bouts of
ankle instability and pain caused by impingement of synovial hypertrophic tissue
between the relevant ankle bones (25). Also, chronic ankle instability has been

associated with degenerative joint lesions in the ankle (65).

2.3.1.2. Functional Instability

Functional instability (FI) resulting from proprioceptive and neuromuscular
deficits is hypothesized to be a main factor contributing to CAIl. Freeman et al who first
defined the concept of FI correlated impaired balance with damage of joint
mechanoreceptors in the ankle resulting in proprioception deficits after LAS (66,67).
Although impaired proprioception contributes significantly to FI, it is unclear why
ligamentous injuries show a predisposing effect on functional ankle instability. The
presence of impaired proprioception and cutaneous sensation, slowed nerve conduction
velocity and delayed neuromuscular reactivity, defect in balance and muscular strength
have demonstrated functional inadequacies in individuals with acute LAS or CAI
(25,29).
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2.3.1.2.A. Impaired Proprioception and Sensation

Proprioception is a complex of sensations that consciously and unconsciously
include senses of joint position, joint movement, muscle tension or force, and effort
(29,68). Impairment of ankle proprioception is likely to occur in individuals predisposed
to recurrent ankle sprains, as seen in measurements of Kinesthetic sense and joint
position sense (69). Most researches demonstrate that proprioception in participants
with CAl is impaired by reduced joint position sense (70). Recent evidence indicates
that proprioceptive deficits in the ankle may be more affected by the change in the
activity of muscle spindle in the peroneal muscles than altered joint mechanoreceptor
activity (71).

After an acute LAS, deficits in cutaneous sensation and nerve-conduction
velocity are considered as a sign of common peroneal nerve palsy. However, no

evidence has been found that these impairments existed in individuals with CAI (25).

2.3.1.2.B Impaired Neuromuscular-Recruitment Patterns

Impaired neuromuscular-firing strategies have been reported among individuals
with CAl. This has been most frequently demonstrated by evaluating the reflexive
peroneal muscle reaction time to inversion perturbations. Contradictory consequences in
literature may result from methodological differences between researchers (72).
Impaired peroneal muscle reaction may be because of impairment in proprioception,
neuromuscular-firing patterns, or slow nerve conduction velocity. Recent research
evidence demonstrates bilateral impairments of gluteus medius muscle recruitment in
participants who have suffered from a severe unilateral ankle sprain (73). Therefore,
neuromuscular impairments exist not only in injured ankle structures but also through
the neuromuscular pathways in the uninjured side, thus demonstrating central neural

adaptations of peripheral joints (25).

2.3.1.2.C. Impaired Postural Control

Balance deficit during single-legged stance is observed in individuals suffering
from an acute ankle sprain (66,67,74) or with a history of recurrent ankle instability
(49,75). Even though conflicting findings are present, impaired postural control has
been reliably shown between stable and unstable ankles using instrumental evaluation

despite varying methods (49,76).
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Impaired postural control is likely as a result of a combination of deficits in
proprioception and neuromuscular control (NMC) that comprises the subconscious
processing of sensory information in the central nervous system (CNS) and the control
of muscle movement throughout coordinated muscle activity (13). The role of NMC is
to facilitate and maintain postural control and functional joint stability by providing
dynamic restraints during joint motion and loading (14). Any injury causing the damage
of the mechanoreceptors, changes in normal sensory input and impedes of the
processing of sensory information may cause altered NMC and consequently, result in
injury or dysfunction in postural control and dynamic joint stability and also functional
ankle instability (13-15). Even if healing is observed after injury, the function of
mechanoreceptors may not be recovered, causing NMC deficits that may cause CAlL.
Also, the level of damage to the receptors and alterations in CNS processing may
contribute to CAI. A systemic review has presented strong evidence that the balance has
bilaterally impaired following acute LAS (77). Some reports have also suggested that
after acute LAS, bilateral postural control deficits occur with suggesting central changes
or impairments in NMC (16,78). Thus, NMC is not only affected by peripheral
mechanoreceptors damage, but also adaptations in the central pathways may partly
cause deficits after an ankle sprain (25). Also, it has been considered that the neural
mechanism like spinal reflexes or interaction between the cerebral hemispheres might
mediate bilateral impairments (79).

While maintaining balance in single-legged stance, the foot performs pronation
and supination movements in an effort to maintain the center of gravity of the body
above the base of support. This situation is called as the ‘‘ankle strategy’’. However,
individuals with CAl usually tend to perform ‘‘hip strategy’’ which is less effective than
the ankle strategy, in order to keep unilateral balance compared to uninjured
individuals. The change in the strategy of postural control may be due to alterations in

CNS in the existence of ankle joint dysfunction (25).

2.3.1.2.D. Strength Deficits

Muscle strength deficits, especially in evertor muscles, have been reported
among individuals with CAl. Several studies have reported that also decreased invertor
muscles strength. On the contrary, some studies in the literature have demonstrated that
no strength deficits present in patients with CAl (25,70,76,80).
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2.3.2. Treatment and Prevention

The natural progress of acute ankle sprains is that individuals gradually recover
in the weeks following injury in terms of pain, swelling, and loss of function which are
the initial symptoms of sprains. Overall rehabilitation plans emphasizing balance,
proprioceptive, and neuromuscular control exercise training, strengthening of peroneal
muscles considerably decrease the risk of repetitive ankle sprains (20). Also, ankle
taping and bracing is an effective method to prevent recurrent ankle instability.
However, these methods alone are unlikely to be as effective as an overall rehabilitation
plan combining with ankle taping or bracing.

Preventive methods to decrease the frequency of repetitive ankle sprain cases
should address pathological laxity, arthrokinematic alterations associated with
mechanical instability and the impairments in proprioception and neuromuscular related

to functional instability (25).

2.3.2.1. Exercise Training

According to the Cochrane review (2011), neuromuscular training provides
short-term improvement for CAl-related symptoms (6). Recent research demonstrated
that the ankle positions of athletes with CAI were relatively inversion and that the ankle
orientation changed toward minimally an everted direction after 6 weeks of
neuromuscular training (17). Cruz-Diaz et al. claimed that balance training exercises
based on multi-station tasks significantly improved self-reported sensation of instability
and dynamic balance in individuals with CAI (18). O’Driscoll et al. also indicated that
the 6 weeks of dynamic neuromuscular exercise training led to improvements in ankle
sensorimotor control of athletes with CAI (19). According to a systemic review,
proprioceptive training programs are found to be effective in decreasing the incidence
of ankle sprains in sports participants, particularly individuals with history of ankle
sprains. Hop stabilization training for 6 weeks was found to be effective in improving
self-reported function and neuromuscular control among college basketball players with
CAl (81). Some studies have observed the positive effects of balance exercise training
program for 4 weeks on static and dynamic balance, and also lower extremity function
of individuals with CAI (82-85). In a study comparing balance and strength protocols, it
was observed that both protocols increased strength, balance, and function (86). Some
researches also demonstrated that the neuromuscular rehabilitation program is

immediately effective in improving postural control and gaining eccentric evertor
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muscle strength, and in the long term, it was found to contribute to increasing evertor
strength of unstable ankles. On the other hand, improved postural stability was found to
be non-permanent (87). Present evidence remains inadequate in the benefits of primary
prevention of ankle sprains (88).

2.3.2.1.A. Cross-Education

Cross-education phenomenon was firstly described as by Scripture et al. It is
also called muscular crossed effect (89). Some studies have demonstrated that cross-
education occurs in neurologically healthy individuals following high-intensity
unilateral resistance exercise training for short-term (ie 4-6 weeks). It is frequently
claimed that unilateral strength training of any extremity increases the strength of the
contralateral homologous muscle group. Increased contralateral strength accounts for
approximately 7-8% after 6-week training (90-92). Even though no consensus has been
reached on the cross-education mechanism that induces contralateral strength
adaptations, it has been proposed that the strength improved on the untrained side is
associated with increased strength on the trained side. The contralateral effect of
unilateral training has been thought to be due to increased voluntary activation through
increased motor unit firing rates and recruitment via CNS mechanisms (91).

Voluntary movements in the unilateral limb have been demonstrated to produce
contralateral effects at the cortical region and activate the ipsilateral and contralateral
sensorimotor cortex (93,94). This is thought to create a learning effect for muscle
activation of the untrained limb after unilateral training of one limb (94). Furthermore, it
is believed that there are neural alterations at also spinal and supraspinal levels
(90,93,95). Although it is not yet clear where the neural adaptations occur and how
spinal and supraspinal mechanisms have effects on cross-education, spinal and
supraspinal contributions have been observed in the trained leg, but only the supraspinal
mechanism has been contributed to the untrained leg (96,97).

Regarding supraspinal factors, authorities assert that contralateral primary motor
cortex operates unilateral motor commands and activities. Kristeva et al. (98) have
claimed that excitation of ipsilateral motor cortex during a voluntary muscle contraction
may affect the contralateral motor cortex. Also, it has been suggested that
approximately 15% of corticospinal fibers cross over to the contralateral lobes and that
the coactivation of homologous muscles results from descending motor signals from the

ipsilateral motor cortex (97).
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Bilateral improvement in a contralateral limb is not only seen in muscular
strength but also balance and neuromuscular control. Hale et al. (15) claimed that
positive improvements in dynamic balance and lower extremity function may be seen
on the unstable ankle side after 4-weeks of balance exercise training for the stable ankle.
In addition, some researchers observed bilateral improvements in NMC following CAI
rehabilitation (15).

The exercise training for only the stable ankle in individuals with CAl may lead
to postural control improvements on the unstable ankle when considering the bilateral
deficits following the unilateral injury. Therefore, clinicians are likely able to early
begin neuromuscular training including the stable ankle rehabilitation as a part of the
comprehensive rehabilitation strategy for individuals or athletes with CAIl to avoid
losing time, lower extremity functions and sports performances. Many athletes return to
sports within 15 days even with many reporting pain and deficits in function and
postural control after an acute LAS (16). Researchers (20) also suggested that
neuromuscular training should be started after the pain and weight-bearing restrictions
are removed. Thus, the time spent to restore postural stability before returning to sports
is minimal, possibly resulting in increased risk for re-injury and residual dysfunction
among athletes. By starting NMC training earlier, it is possible for athletes to return to
sports without loss of function and ready for the functional requirements of the sport.
Therefore, the aim of our study was to investigate the effects of unilateral balance
exercise training program for 4 weeks on bilateral balance and explosive power among
athletes with CALl. In this study, unilateral balance exercise training program including
balance and hop-stabilization exercises for stable or unstable ankle was used to

determine its effects on balance and sports performance in athletes with CAI.
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3. MATERIAL AND METHOD

3.1. Subjects

The sample of the study consists of athletes with chronic ankle instability (CAI)
at least 6 months and in team sports including either basketball, volleyball or handball at
Yeditepe University Culture and Sports Directorate.

The study included 28 athletes (15F, 13M) with CAl. The athletes with CAI who
met inclusion criteria are divided into three groups. The randomization for groups was
conducted by using statistical computing web programming (99). Athletes in first group
are involved in the rehabilitation group for the stable ankle (SG) and athletes in second
group were included in the rehabilitation group for the unstable ankle (UG). The control
group (CG) was involved in our study to eliminate the bias and learning effects of the
tests which would be applied.

3.1.1. Inclusion Criteria
The athletes who fulfilled the following inclusion criteria according to the
International Ankle Consortium for CAIl were recruited to the experimental groups
(100).
e Participating in the study on a voluntary basis
e Athletes with 18-25 years old
e Being a player in one of the basketball, volleyball, and handball team
sports
e Athletes with a history of at least 2 significant LAS which was classified
as a second degree and related to inflammatory symptoms (pain,
swelling)
e The self-reported sensation of giving away and instability at the injured
ankle confirmed by the Cumberland Ankle Instability Tool (CAIT) with
a score <25 (101)
e Recurrent LAS episodes of the injured ankle occurred at least 12 months
e The self-reported function of the injured ankle confirmed by Foot and
Ankle Ability Measure with a score <90% from activities of daily living

subscale and <80% from sport subscale.
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3.1.2. Exclusion Criteria

The athletes who fulfilled the following inclusion criteria according to the
International Ankle Consortium for CAl were not recruited to the experimental groups
(100).

A history of surgery to the musculoskeletal structures in either lower

extremity

e A history of a fracture in either lower extremity necessitating realignment

e Acute injury of musculoskeletal structures of other joints of the lower
extremity in the previous 3 months affecting joint function and integrity

e Presence of bilateral ankle instability

e Balance or vestibular disorder (15)

The purpose and plan of the study were explained to the participants. All
participants were involved in the study on a voluntary basis and informed written
consent was obtained from each. (Appendix 1). The study protocol was approved by the
Yeditepe University Ethical Committee at the date of 14.02.2019 and issue number was
37068608-6100-15-1609 (Appendix 2).

3.1.3. Flow of Research

We planned to have 32 athletes with CAl for three groups. As for the first step,
we separated the participants according to the statistical computing web programming
(99). Athletes in the first group were included in rehabilitation group for the stable ankle
(SG) and the athletes in second group were included in rehabilitation group for the
unstable ankle (UG). Athletes in third group were included to control group (CG).

After the end of the first assessment, 4 weeks exercise training program initiated
with two groups of participants. However, three athletes who did not attend the training
program regularly were excluded from the study. One athlete who had Grade 2 acute
ankle sprain in team training was excluded from the study. No participant withdrew
from the study due to adverse effects of the training program (Figure 3.1 Flowchart

Diagram).
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Figure 3.1 Flowchart Diagram

3.1.4. Study Protocol

The 4-week exercise training program including balance and hop stabilization
exercises for the athletes with CAIl in the SG and UG was conducted by the
physiotherapist. Stable or unstable ankle, which satisfied the inclusion criteria, were
trained with determined balance exercise training protocol according to groups.
However, both ankles in all groups were analyzed by static and dynamic balance tests,
and sports performance tests. The control group comprised of 10 athletes with CAI.
Measurements and alterations in static and dynamic balance tests and sports
performance tests were measured at baseline and 4th week of exercise training. The
rehabilitation groups participated in the exercise training protocol twice a week for 4

weeks, while the control group was instructed to resume activities of daily living and
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sports. Each training session took approximately 30 minutes. The exercise training
protocol included supervised, balance and hop stabilization exercises focused on the
recovery of static and dynamic balance and improving explosive power (Table 3.1). The
exercise program was designed based on evidence-based exercises that reported in
similar clinical trials in the literature (75,83,85,102,103). The exercise program of each
athletes was advanced depending on their performance through the exercise sessions.
We developed specific criteria for progress to ensure consistency among participants
(Table 3.1.). During the training session, participants completed the exercises for only
the stable or the unstable ankle according to rehabilitation groups (16).

3.2. Evaluation

3.2.1. Structured Questionnaire for Patient's Demographic Characteristics

The structured questionnaire prepared the researchers and to be applied face to
face; includes questions about the age, gender, educational level, socio-demographic
conditions, existing chronic diseases, surgical conditions, injuries and type of sport,

performance level, training frequency (Appendix 3).

3.2.2. Cumberland Ankle Instability Tool (CAIT)

CAIT including a 30-point scale of 9-items is a valid and reliable questionnaire
for distinguishing and quantifying the severity of functional instability. Clinically,
CAIT is an effective tool for evaluating the severity of FI, monitoring progress and
measuring treatment outcome. In researches, the CAIT provides the identification,
objectively definition and comparison of more homogenous subject groups. Participants
with a score of 25 or higher are less likely to have functional instability, while those
with a score of 25 or lower are more likely to have functional instability (Appendix 4)
(104).

3.2.3. Foot and Ankle Ability Measurement (FAAM)

Physical functions of athletes were assessed by Turkish version of Foot and
Ankle Ability Measure (FAAM) (105). The FAAM is a self-reported tool improved to
evaluate the physical functions of individuals with musculoskeletal disorders related to
foot and ankle. The FAAM is a 29-item questionnaire including 21-item Activities of
Daily Living (ADL) and 8-item Sports subscales. The Sports subscale evaluates the
ability to perform sports-related activities, a sub-class of population-specific for

athletes. Each answer options is scored on a 5-point Likert scale which ranges from 0 to
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4 and represents different levels of difficulty. The maximum score is 84 points for the
ADL subscale and 32 points for the Sports subscale. Total score are calculated as
percentage scores ranging from 0% to 100%. A higher score corresponds to a higher
level of function for both subscales. Participants also scored their level of function from
0% (inability to perform daily and sports activities) to 100% (functional level before the
injury). The Turkish version of FAAM was found to be valid and reliable for the self-
reported physical function among Turkish-speaking individuals with CAI (ICC = 0.97
for FAAM-ADL and 0.94 for the FAAM-S subscales (Appendix 5) (105-108).

3.2.4. Balance Error Scoring System (BESS)

Static balance deficits of the athletes with CAl was assessed by using the BESS.
The BESS includes double-legged stance, single-legged stance, and tandem stance
conditions on both firm and foam surfaces with eyes closed (Figure 3.2, 3.3). The test
was applied twice to compare differences between pre and posttest results for both
stable and unstable ankle. Firstly, the participants stood on both ankles on both firm and
foam surfaces during the double-legged stance condition. Secondly, they stood on the
stable ankle during the single-legged stance, and then stood on the unstable ankle in the
front and the stable ankle in the back on both firm and foam surfaces during the tandem
stance. These conditions were repeated on both firm and foam surfaces for the unstable
ankle. A stopwatch was used for timing the participants during 20-second trials. Before
testing, the participant was instructed to remove their shoes and any taping or brace on
their ankle and informed about the protocol. Each trial was scored by counting the
errors on the BESS score card performed by the athletes (Appendix 6). The maximum
total number of errors for any condition was taken as 10. The BESS has been presented
to be a valid test to find out deficits in static postural control of individuals with CAI
and also demonstrated to have interrater reliability which ranges from 0.78 to 0.96
(109,110).
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a. Double - Legged Stance b. Single - Legged Stance ¢. Tandem Stance

Figure 3.2 Balance Error Scoring System — Firm Surface (a, b, ¢)

a. Double - Legged Stance b. Single - Legged Stance c. Tandem Stance

Figure 3.3 Balance Error Scoring System — Foam Surface (a, b, ¢)

3.2.5. Dynamic Balance Assessment - Y Balance Test

Dynamic balance of the athletes was evaluated by using the Y Balance Test
which is improved to modify Star Excursion Balance Test (SEBT). SEBT is a more
functional test that is able to find out impairements in dynamic postural control among
individuals with CAl. It is reported to have high intratester reliability (0.82-0.96) and
intertester (0.81-0.93). The Y Balance Test includes 3 different positions where the
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individual stands first on the stable ankle and then on the unstable ankle, with the
hands-on the hips, maintained a single-legged stance while reaching as far as possible
with the contralateral limb in the anterior direction, posteromedial direction, and
posterolateral direction (Figure 3.4). The test apparatus was pulled with three tape
measures in these 3 directions between 90° and 135°. In order to eliminate the learning
effect, subjects were allowed to reach each direction 3 times before beginning the test.
Athletes were requested to reach as far as they could reach without disturbing their
balance. Then, the examiner noted the point they reached in cm. The test was repeated 3
times in all directions. Athletes were given 15 seconds to rest between each direction
trial. The average of three repetitions reached was recorded for all three directions.
Normalized reach distances for all directions were calculated by dividing the average of
three repetitions to lower limb length of the athletes measured from the spina iliaca
anterior superior to the distal apex of the medial malleolus and by multiplying with 100.
(Appendix 7) (111,112).

a. Anterior b. Posteromedial c. Posterolateral
Figure 3.4 Y Balance Test (a, b, ¢)

3.2.6. Lower Extremity Power Assessment

3.2.6.1. Vertical Jump Assessment

The Single Legged-Countermovement jump (CMJ) test was used to evaluate the
lower-extremity power of athletes, and indirectly the functional performance. The

athlete was instructed first to jump on the uninjured leg and then on the injured leg to
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the highest vertical distance 3 times. The average of 3 repetitions reached was recorded.
The distance between the distance that lies before the jump and the highest distance that

it could reach by jumping was measured in cm (Figure 3.5, 3.6) (Appendix 7).

Figure 3.6 Single-Legged Countermovement Jump Test
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3.2.6.2. Figure-of-8 Hop Test

Figure-of-8 Hop Test was used to measure the explosive power of the lower
extremity of athletes. For this test, an area of 5 m confined by cones is used. The athlete
was instructed first to complete the action on the uninjured leg and then on the injured
leg 3 times with the fastest way. The average of 3 repetitions completed was recorded.
The completion time of the test was measured in seconds (Figure 3.7) (Appendix 7)
(113).

Figure-of-Eight Hop Test

Figure 3.7 Figure-of-8 Test

3.2.6.3. Side Hop Test

Side Hop test is another test used to evaluate the explosive power of the lower
extremity of athletes. All athletes were instructed to hop laterally with stable and
unstable ankles over a distance of 30 cm. One repetition was counted as a lateral
hopping over the 30 cm and hopping back to the initial position. Each athlete was
instructed to complete 10 repetitions and make it as quickly as possible. The completion
time of the test was measured in seconds. The test was repeated 3 times. The average of

3 repetitions was recorded (Figure 3.8) (Appendix 7) (113).
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3.3. Intervention

Figure 3.8 Side Hop Test

There were 7 exercises including balance and hop stabilization exercises for

athletes with CAl. Both experimental groups were able to develop the exercise program

in accordance with the progression in Table 3.1. The control group had no intervention

only they were included assessment tests.

Table 3.1. Exercise Progression Program

Exercise program

Exercise Explanation

a. Single-Leg Stance
(Figure 3.9)

Week 1: Performed up to 60 s per repetition for up to 3
repetitions with and without visual feedback on the firm

surface

Week 2: Performed up to 60 s per repetition for up to 3
repetitions with/out visual feedback on the soft surface using
Thera-Band Stability Trainer

Week 3-4: Performed up to 60 s per repetition for up to 3
repetitions with/out visual feedback on the soft surface using

balance disc
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b. Wobble Board
(Figure 3.10)

Week 1: Began with using two-dimensional wobble board
Slowly moved the board in the plantarflexion/dorsiflexion

and inversion/eversion directions without contact the floor

Week 2: Slowly moved the board using multi-dimensional

wobble board with upper extremity support

Week 3-4: Slowly moved the board using multi-dimensional
wobble board without upper extremity support
Added rotational directions

c. Steamboats
(Figure 3.11)

Week 1: Tied a 120 cm Thera-Band around the unstable
ankle

Positioned stance foot 70 cm from where Thera band was
tied on the firm surface

Performed up to 3 sets of 15 repetitions in each direction (hip

flexion, extension, adduction, abduction)

Week 2: Positioned stance foot on the soft surface using
Thera-Band Stability Trainer
Performed up to 3 sets of 15 repetitions in each direction (hip

flexion, extension, adduction, abduction)

Week 3-4: Positioned stance foot on the soft surface using

balance disc

d. Single-Leg Hop

Week 1: Hopped as far as comfortable in the anterior

direction. Performed up to 5 repetitions

Week 2: Performed up to 10 repetitions adding medial,

lateral and posterior directions

Week 3: Performed up to 15 repetitions in all directions

Week 4: Performed up to 3 sets of 10 hops

e. Single-Leg Ball
Catch
(Figure 3.12)

Week 1: Performed during stance on a firm surface

Week 2: Performed during stance on a trampoline

Week 3: Performed during stance on a balance disc

Week 4: Performed during stance on a Bosu ball
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f. Quadrant Hop
(Figure 3.13)

Week 2: Performed up to 3 sets of 5 hops in numbered
squares clockwise and counterclockwise while maintaining

the single-legged stance

Week 3-4: Added unanticipated directional changes where

investigator randomly called out numbers

g. Single-Leg Hop and
Ball Catch
(Figure 3.14)

Week 3-4: Performed up to 3 sets of 10 hops

Positioned double-legged stance on a flat surface

Hopped with one foot in the direction the ball is thrown and
catches the ball

Returned to starting position
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3.3.1. Exercise Program

a. Week 1 b. Week 2 c. Week 3-4
Figure 3.9 Single-Leg Stance (a, b, c)

a. Week 1 b. Week 2-4
Figure 3.10 Wobble Board (a, b)
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a. Week 1 b. Week 1

c. Week 2 d. Week 3-4
Figure 3.11 Steamboats (a, b, c, d)
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c. Week 3 d. Week 4
Figure 3.12 Single-Leg Ball Catch (a, b, c, d)
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Figure 3.13 Quadrant hop

Figure 3.14 Single-Leg Hop and Ball Catch
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3.4. Statistical analysis

SPSS (Statistical Package for Social Sciences) version 22 was used to evaluate
the data obtained from the study and to form the tables. Mean, standard deviation,
median, minimum and maximum values were used for the presentation of continuous
variables (quantitative variables) and frequency and percentage values were used for
presentation of categorical variables (qualitative variables). Shapiro Wilk test and
graphical methods were used to investigate the suitability of quantitative variables to
normal distribution. The difference between the pre and post-measurements taken from
athletes in groups was examined by Student’s paired sample t-test for parametric
variables and Wilcoxon test for nonparametric variables. Each of the differences (delta)
between these groups (SG, UG and CG) was determined by One-way ANOVA
(Analysis of Variance) and Tukey’s HSD (Honestly Significant Difference) post hoc
test for parametric variables, Kruskal Wallis-H test and Mann Whitney-U test for
nonparametric variables. In all statistical analyses, p <0.05 was accepted as the level of
significance.
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4. RESULTS

4.1. Descriptive Characteristics of Participants

The study included athletes with a history of CAIl (n=28, 15F, 13M) registered as
a team player at Yeditepe University Culture and Sports Directorate between December
2018 - May 2019. These athletes continued their team training program 90 minutes in 2
days per week during the study.

The values of mean age, weight, height, and body mass index (BMI) of the SG,
UG, and CG are presented in Table 4.1. According to these findings, there was no
statistical difference in three groups in terms of age and height. However, statistical
difference was found in weight and BMI between SG and CG according to Tukey’s
HSD post hoc test.

Table 4. 1. Physical Features of Participants

SG UG CG F p value
Mean = SD Mean = SD Mean = SD
Age(year) 20.88 +2.02 21.00 + 1.00 21.00 + 1.49 0.01 0.985
Weight (kg) 62.00 + 8.26 66.77 + 12.88 78.40 £ 16.15 4.04 0.030
Height(m) 1.76 + 0.07 1.74 +0.09 1.80+0.10 1.08 0.355
BMI(kg/m’) 19.99 +2.19 21.82 +2.06 23.87 £ 2.64 6.61 0.005

Data expressed as mean + standard deviation. BMI: Body mass index. SG: Rehabilitation for Stable
Ankle Group, UG: Rehabilitation for Unstable Ankle Group, CG: Control Group.

The gender, dominant hand and foot in the study groups were given Table 4.2.
As a result of the statistical analysis of these values, no statistical difference was found
between the three groups. The CAIT score of stable and unstable ankle side, the number
of ankle sprain history and the playing time of all groups were given Table 4.3. When
the values of CAIT scores, the number of ankle sprain history and playing time were

examined, it was found that there was no statistical difference between the three groups.
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Table 4.2. Comparison of Gender, Dominant Side of Hand and Foot among the
Study Groups

SG UG CG

% (n) % (n) % (n) % p value
Female 66.7 (6) 55.6 (5) 40.0 (4)
Male 33.3 (3) 44.4 (4) 60.0 (6)
Right 77.8 (7) 88.9 (8) 80.0 (8)

Dominant 0.42 0.808
Hand Left 222 (2) 11.1 (1) 20.0 (2)
Right 55.6 (5) 66.7 (6) 90.0 (9)

Dominant 290 | 0.234
Foot Left 44.4 (4) 33.3 (3) 10.0 (1)

Data expressed as % (n). SG: Rehabilitation for Stable Ankle Group, UG: Rehabilitation for Unstable
Ankle Group, CG: Control Group.

Table 4.3. Comparison of CAIT Score for Stable and Unstable Ankle Side,
Number of Ankle Sprain History and Playing Time among the Study Groups

Mean = SD Mean = SD Mean = SD

CAIT Score for 2933+£0.70 | 29.33+050 | 29.90+0.99 | 1.58 0.225
Stable Side

CAIT Score for 2233+212 | 19.77+511 | 21.90+1.59 1.73 0.198
Unstable Side

Number of Ankle | 4441265 3.77+1.78 3.10+£0.87 1.20 0.316
Sprain History

Playing Time 9.11 +£3.10 10.22 +4.73 9.40 £3.02 0.22 0.803
(years)

Data expressed as mean =+ standard deviation. CAIT: Cumberland Ankle Instability Tool SG:
Rehabilitation for Stable Ankle Group, UG: Rehabilitation for Unstable Ankle Group, CG: Control
Group.

The distribution of sports branches among the study groups was given Graph
4.1. According to findings, there were 3 basketball, 5 volleyball and 1 handball players
in SG, 4 basketball, 4 volleyball and 1 handball players in UG, 4 basketball, 3 volleyball
and 3 handball players in CG (Graph 4.1.).
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Graph 4.1. Distribution of Sports Branches among the Study Groups

Rehabilitation for Rehabilitation for
Stable Ankle (SG) Unstable Ankle (UG)
m Basketball m Volleyball mHandball m Basketball m Volleyball mHandball

Control Group (CG)

m Basketball m Volleyball mHandball

Data expressed as %. SG: Rehabilitation for Stable Ankle Group, UG: Rehabilitation for Unstable Ankle
Group, CG: Control Group.

4.2. Intergroup Comparison of Pre-Measurement Findings

The One-way ANOVA and Tukey post hoc test for parametric variables and
Kruskal Wallis-H test for nonparametric variables were used to compare of variables

between participants of the all groups pre and post measurements.

4.2.1 Intergroup Comparison of Pre-Measurement Findings for Foot and Ankle
Ability Measure

As a result of the statistical analysis, no significant difference was found
between the pre-measurements of groups in terms of values of Foot and Ankle Ability
Measure (FAAM) (Table 4.4).
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Table 4.4. Intergroup Comparison of Pre-Measurement Findings for Foot and
Ankle Ability Measure

SG UG CG = p
Mean £+ SD Mean £+ SD Mean £+ SD value
FAAM-ADL (%) 76.11 + 8.57 80.00 + 7.50 82.50 +5.89 3.29" 0.193
FAAM-S (%) 70.55 +12.10 73.33 +5.00 78.00 +4.83 2.13 0.139

Data expressed as mean =+ standard deviation. FAAM: Foot and Ankle Ability Measure ADL: Activity of
Daily Living S: Sports SG: Rehabilitation for Stable Ankle Group, UG: Rehabilitation for Unstable Ankle
Group, CG: Control Group. *Kruskal Wallis-H Test

4.2.2. Intergroup Comparison of Pre-Measurement Findings for Balance Error
Scoring System

According to variables of pre-measurements, no statistical difference was found
between the groups for both ankles in terms of the BESS double stance and single leg
stance on both surfaces, tandem stance on the firm surface and BESS total scores (Table
4.5). In Tukey’s HSD post-hoc paired comparisons, it was observed that the statistical
difference in means of tandem stance-foam surface condition on stable ankle for all
three groups was due to the CG. There was a significant difference between SG and CG

as well as UG and CG, but no difference was found between SG and UG.

Table 4.5. Intergroup Comparison of Pre-Measurement Findings for Balance
Error Scoring System

Conditions (score) SG UG CG = p
Mean + SD Mean + SD Mean + SD value
@ ® Firm 0.00 0.00 0.00 - -
o2
S @5
8 & Foam 0.22+0.44 0.66 +2.00 0.90+1.52 3.07* 0.215
Q e Stable 2.88 £2.42 1.66 +1.00 2.20+1.93 0.95 0.398
o s
§ o Unstable 4.22 +2.58 3.44 +1.87 4.10+2.33 3.30 0.740
(@)
:') e Stable 6.44 +1.74 6.44 +1.87 7.10+£1.72 0.43 0.652
=) S
'UE) 2 Unstable 8.55+1.23 7.33 +£1.58 8.60 +£1.07 2.78 0.081
GE) g e Stable 0.33+£0.50 0.66 +1.00 1.20+1.68 1.27* 0.528
T C et
E g L Unstable 1.55+1.50 2.00 +£3.08 240+2.31 0.84* 0.655
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c Stable 2.66 +1.50 3.77+£1.85 4.80+1.54 4.01 0.031
§ Unstable | 4.22+1.30 4,77 +2.63 6.50 +1.90 3.33 0.052
9z Stable 12.55+2.92 | 13.22+4.46 | 16.20+5.09 1.96 0.161
IEH E Unstable 18.77+3.89 | 18.22+7.69 | 22.50£5.75 1.45 0.252

Data expressed as mean + standard deviation. BESS: Balance Error Scoring System SG: Rehabilitation
for Stable Ankle Group, UG: Rehabilitation for Unstable Ankle Group, CG: Control Group. *Kruskal
Wallis-H Test

4.2.3. Intergroup Comparison of Pre Measurements Findings for Y Balance Test

Comparing the groups for pre-measurement findings of Y Balance Test values
were showed that no statistical differences were found in the anterior, posteromedial
(PM) and posterolateral (PL) direction (Table 4.6).

Table 4.6. Intergroup Comparison of Pre-Measurement Findings for Y Balance

Test

SG UG CG p

Y Balance Test (cm) Mean £+ SD Mean £+ SD Mean £+ SD F value
Anterior Stable 78.01 +£8.17 | 79.83+2.27 | 77.55+6.38 | 5.01* | 0.082
Unstable | 76.90+4.69 | 75.95+7.97 | 73.85+6.89 0.52 | 0.599
Posteromedial Stable 94.10+7.26 | 95.28 £10.22 | 95.38 £6.72 0.70 | 0.933
Unstable | 92.08+9.18 | 91.51 £8.81 | 91.03+5.91 0.04 | 0.961
Stable 88.20+8.73 | 91.26+7.70 | 88.65+8.20 0.36 | 0.696

Posterolateral
Unstable | 86.04 +8.65 | 87.13 +£8.80 | 86.87 +6.67 0.04 | 0.956

Data expressed as mean = standard deviation. SG: Rehabilitation for Stable Ankle Group, UG:
Rehabilitation for Unstable Ankle Group, CG: Control Group. *Kruskal Wallis-H Test

4.2.4. Intergroup Comparison of Pre-Measurement Findings for Jump and Hop
Tests

According to variables of pre-measurements, no statistical difference was found
between the groups for both ankles in terms of the vertical jump, figure-of-8 hop and
side hop tests (Table 4.7).
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Table 4.7. Intergroup Comparison of Pre-Measurement Findings for Jump and

Hop Tests
SG UG CG E p
Mean = SD Mean = SD Mean = SD value
= E Stable | 30.17+10.23 | 26.46+5.26 | 2824+899 | 0.49* | 0.781
O =
€ a
€ E | Unstable | 30.74+9.67 | 2550+4.53 | 26.88+9.36 | 1.29* | 0.524
3
“ Stable 11.79+1.96 | 11.62+1.07 | 11.78+0.76 | 0.04 | 0.954
s
sT3
2™ | Unstable | 12.51+1.72 | 12.57+1.54 | 1241078 | 003 | 0.970
= Stable 1028+1.85 | 10.15+153 | 10.34+1.06 | 0.04 | 0.961
Io
o B
2 | Unstable | 10.81+213 | 10.80+1.79 | 10.92=111 | 0.01 | 0.986

Data expressed as mean + standard deviation. SG: Rehabilitation for Stable Ankle Group, UG:
Rehabilitation for Unstable Ankle Group, CG: Control Group. *Kruskal Wallis-H Test

4.3. Intragroup Comparison of Pre and Post-Measurements Findings

A paired t-test for parametric variables and Wilcoxon test for nonparametric
variables were used to examine for differences in regard to pre and posttest findings

intragroup variables.

4.3.1. Intragroup Comparison of Pre and Post- Measurements Findings for Foot
and Ankle Ability Measure

As a result of the statistical analysis, SG and UG demonstrated statistically
significant differences between pre and posttest findings of FAAM-ADL and FAAM-S,
whereas there was no statistical difference in the CG (Table 4.8). It means that the
athletes in SG and UG had an improvement in results of FAAM-ADL and FAAM-S

SCOres.
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Table 4.8. Intragroup Comparison of Pre-Measurement Findings for Foot and
Ankle Ability Measure

SG uG CG

Mean = SD Zlp Mean = SD Mean = SD

ZIp Zlp

Pre 76.11 £ 8.57 -2.68 80.00 +7.50 -2.80 82.50 +5.89 -1.00

FAAM-
ADL
(%)

Post | 9033+509 | 0007 | 9166+559 | 0.005 | g300+632 | 0317

Pre 70.55 +£12.10 2268 73.33+£5.00 269 78.00 = 4.83 173

Post | 85.55+982 | 0.007 | gg33+250 | 0.007 | 7950+437 | 0.083

FAAM-
S (%)

Data expressed as mean + standard deviation. FAAM: Foot and Ankle Ability Measure ADL: Activity of
Daily Living S: Sports SG: Rehabilitation for Stable Ankle Group, UG: Rehabilitation for Unstable Ankle
Group, CG: Control Group.

4.3.2. Intragroup Comparison of Pre and Post-Measurements Findings for Balance
Error Scoring System

Comparing the pre and post-measurement findings of the single-leg stance on
the firm surface for stable ankle were demonstrated that a statistically significant
difference was found in the SG group (Table 4.9). The differences between pre and
post-measurement for the unstable ankle was found statistically significant in SG and
UG. When pre and posttest findings on the foam surface of both ankles were examined,
statistically significant differences were found in SG and UG.

When the pre and post-measurement findings of the tandem stance on the firm
surface condition for the unstable ankle were compared, a statistically significant
difference was found in SG and CG groups. No statistical difference was found between
pre and posttest findings of the stable ankle for this condition in any group. For the
foam surface condition, the differences between pre and posttest findings for the stable
ankle was found statistically significant in SG and UG. For pre and posttest findings of
the unstable ankle, there were statistically significant differences in all groups.

Statistically significant differences were found in the BESS total scores of both

ankles between pre and posttest findings in SG and UG.
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Table 4.9. Intragroup Comparison of Pre-Measurement Findings for Balance Error Scoring System

iti SG UG CG
Conditions (score) Mean + SD tp Mean = SD tp Mean = SD tp
g Pre 0.00 0.00 0.00
S Firm - - -1.00*/0.317
b; Post 0.00 0.00 0.50 + 1.58
2 Pre | 0.22+0.44 0.66 = 2.00 0.90 % 1.52
= Foam -1.41*/0.157 -1.00*/0.317 -
] Post 0.00 0.00 1.10 £ 1.59
Pre 2.88 +2.42 1.66 + 1.00 2.20+1.93
Stable -3.50/0.008 -0.35/0.729 0.80/0.443
Post 1.33+1.41 1.55+1.13 240+ 1.71
Firm
® Pre 4.22+2.58 3.44 +1.87 4.10+2.33
= Unstable -3.77/0.005 -3.91/0.004 0.92/0.381
&5 Post 2.66+1.93 1.33+1.11 4.60 +2.45
o
(B}
p Pre 6.44 + 1.74 6.44 + 1.87 7.10 £1.72
= Stable -6.48/0.000 -3.41/0.009 -1.86/0.096
73 Post 4.00+0.86 5.55+2.35 6.60 + 1.50
Foam
Pre 8.55+1.23 7.33+1.58 8.60 + 1.07
Unstable -5.36/0.001 -4.09/0.003 1.40/0.193
Post 6.55+1.01 5.55+1.42 8.90 + 1.10
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Pre 0.33 + 0.50 0.66 + 1.00 1.20 + 1.68
Stable -1.41*/0.157 -1.63*/0.102 -1.34*/0.180
Post 0.11+0.33 0.22 +0.44 0.90+1.19
Firm
Pre 1.55+ 1.50 2.00 + 3.08 2.40+2.31
8 Unstable -2.53*/0.011 -2.23*/0.026 -2.12*/0.034
g Post 0.55+0.72 0.33 +0.70 1.70 +2.21
5 Pre 2.66 £ 1.50 3.77+1.85 480+ 1.54
S Stable -4.91/0.001 -3.33/0.010 -1.86/0.096
= Post 1.22+1.30 2.11+1.16 430+ 1.70
Foam
Pre 422 +1.30 477 +2.63 6.50 + 1.90
Unstable -3.83/0.005 -2.44/0.041 -2.68/0.025
Post 2.77+1.71 2.33+2.34 5.80 + 2.20
Pre 12.55 +2.92 13.22 + 4.46 16.20 + 5.09
- Stable -9.29/0.000 -4.15/0.003 -0.39/0.699
S Post 6.66 = 2.00 9.44 + 3.50 15.80 + 4.58
|_
4 Pre | 18.77+3.89 18.22 + 7.69 22.50 + 5.75
@ Unstable -12.60/0.000 -3.17/0.013 0.09/0.924
Post | 12.55+3.32 9.55 + 2.40 22.60 + 7.94

Data expressed as mean =+ standard deviation. BESS: Balance Error Scoring System SG: Rehabilitation for Stable Ankle Group, UG: Rehabilitation for Unstable Ankle
Group, CG: Control Group. *Wilcoxon Test
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4.3.3. Intragroup Comparison of Pre and Post-Measurements Findings for Y
Balance Test

According to paired sample t-test results and Wilcoxon test, there were
significant differences for intragroup variables between study groups to reach distance
in the anterior, PM and PL directions (Table 4.10). The differences between pre and
post-measurements for reach distance in the anterior direction in both ankles was found
statistically significant in SG and UG. These results showed that athletes in SG and UG
demonstrated better dynamic balance performance in anterior direction after balance
exercise training for regardless of right or left foot. There was no statistical difference
between pre and posttest findings in the CG.

For the mean values of reach distance in PM direction of both ankles, there were
statistical differences between pre and post-measurements in SG and UG (Table 4.10).
The results demonstrated that the means of reach distance were increased in both groups
compared to the CG.

When the pre and post-measurement findings of reach distance in PL direction
of the stable ankle were compared, a statistically significant difference was found in the
SG group (Table 4.10). Whereas, no statistical difference was found between pre and
posttest findings of the stable ankle for this direction in UG and CG. For the mean
values of reach distance in PM direction of the unstable ankle, SG and UG had

statistical differences between pre and posttest findings in contrast to CG.
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Table 4.10. Intragroup Comparison of Pre and Post-Measurements Findings for Y

Balance Test

Y Balance

Test (cm) Measncj: sp | P Mez:fl(:;t sp | P Meacni so| TP

o | Pre | 7801£817 | o | 7983227 | o0, | 77552638 | o 40n
o]

< | & | Post | sessx546 | 000 | 3625402 | OO | 77655714 | 067

o

5 2 Pre | 7595797 | o | 7690469 | .o | 7385689 | .,
g Post | 83.20=551 | %001 | go09i475 | 0008 | 5455944 | 0648
o | Pre | 9410726 | o | 95281022 | oo | 9538672 | .

_— o]

% & | Post | 10436848 | %90 |1002051173] 015 | gs500u764 | 0639

5

S

% % Pre | 92.08+9.18 583 91.51+8.81 441 91.03 +5.91 087

" g Post | 10225+864 | 9000 | 10001:1137| 9002 | gj 975755 | 0408
o | Pre | 8820873 | _ o | 91264770 | .o | 88.65+820 | o

_— o]

5| & | Post | 98275700 | 0000 | 5674730 | 008L [ ggoy 733 | 0625

=

% 2 | Pre | 86044865 | .o | 8703880 | .o | 86875667 | oo
©

B g Post | 9354856 | 9000 | gsg5:801 | 0013 | 5871609 | 0440

Data expressed as mean + standard deviation. SG: Rehabilitation for Stable Ankle Group, UG:

Rehabilitation for Unstable Ankle Group, CG: Control Group. *Wilcoxon Test

4.3.4. Intragroup Comparison of Pre and Post-Measurements Findings for Jump

and Hop Tests

A paired sample t-test and Wilcoxon test were executed to examine changes of

each group across the pre and post-measurements on jump and hop tests. Comparing the

pre and posttest results of the Vertical Jump Test for the unstable ankle were

demonstrated that a statistically significant difference was observed only in the UG

group (Table 4.11). These results showed positive improvements in vertical jump

performance of athletes in the UG group. There was no statistically significant

difference between the pre and posttest findings for stable ankle in all groups.
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When the pre and post-measurement findings of figure-of-eight test of the stable
ankle were compared, statistically significant differences were found in SG and CG
group (Table 4.11). Both groups demonstrated significant improvement in time after the
rehabilitation for stable and unstable ankle. Whereas, the CG showed no significant
change in time for both ankles according to the findings.

Statistically significant differences were determined between pre and post-
measurements in relation to stable and unstable ankle for Side Hop Test values in all
groups (Table 4.11). These results demonstrated significant improvement in side hop
performance of all groups regardless of rehabilitation.

Table 4.11. Intragroup Comparison of Pre and Post-Measurements Findings for
Jump and Hop Tests

SG UG CG Y
Mean = SD tp Mean = SD tp Mean = SD P
O o]
~ ©
o | & | Post | 31774985 0028 | 59424605 | 9035 | 23894857 | 0182
>
5
S| S| Post | 31.68+9.34 | 0123 | 28752489 | 0014 | 2339.582 | 0083
o Pre | 11794196 | goo | 11622107 | go0 | 11782076 | g
[«B]
g9
o | & | Post | 10.32+2.04 0.000 | 11012112 | 9000 | 41514090 | 0109
T
[e 0]
§ % Pre | 1251172 | geg | 1257154 | o0 | 12412078 | 446
| &
T | S| post | 11.20+1.40 | 0000 | 13102120 | 0000 | 12094105 | O-176
o Pre | 10284185 | gz | 10155153 | o0 | 1034106 | g,
o | ®
81& | post | 826+1.06 | 0001 | g744701 | 0001 | g75:093 | 0019
o
o
T
2 % Pre | 1081213 | .o | 1080179 | 0 | 1092+111 | ,,,
.U_') —
£ | post | 8.67+081 | 0004 | 8254095 | 0001 | 1046+1.30 | 0037

Data expressed as mean =+ standard deviation. SG: Rehabilitation for Stable Ankle Group, UG:
Rehabilitation for Unstable Ankle Group, CG: Control Group. *Wilcoxon Test
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4.4. Intergroup Comparison of Difference between Pre and Post-Measurements
Findings

4.4.1. Intergroup Comparison of Difference between Pre and Post-Measurements
Findings for Foot and Ankle Ability Measure

The One-way ANOVA and Tukey post hoc test was used to compare the
difference between pre and post measurements findings of FAAM-ADL and FAAM-S
between groups (Table 4.12) As a result of the statistical analysis, statistically
difference was found between the groups in mean values of FAAM-ADL and FAAM-S.
It was determined that SG and UG had higher the mean of FAAM-ADL and FAAM-S
scores compared to the CG according to Tukey’s HSD post hoc test. However, there

was no statistical difference between SG and UG.

Table 4.12. Intergroup Comparison of Difference between Pre and Post-
Measurements Findings for FAAM
SG UG CG F p value
Mean = SD Mean + SD Mean + SD
A FAAM-ADL (%) | 14.22+8.61 11.66 + 3.53 0.50 +1.58 19.57* 0.000
A FAAM-S (%) 15.00 +7.50 15.00 +5.00 1.50+2.41 20.84 0.000

Data expressed as mean + standard deviation. BESS: Balance Error Scoring System SG: Rehabilitation
for Stable Ankle Group, UG: Rehabilitation for Unstable Ankle Group, CG: Control Group. *Kruskal
Wallis-H Test

4.4.2. Intergroup Comparison of Difference between Pre and Post-Measurements
Findings for Balance Error Scoring System

Table 4.13 was demonstrated the difference in BESS values pre and post
measurements between groups. A statistically significant difference in intergroup
variables was observed in terms of pre and posttest findings of the single-leg stance on
firm and foam surfaces for the stable ankle. A Tukey’s HSD post hoc test revealed that
the error was statistically significantly lower after rehabilitation for stable ankle (SG)
compared to rehabilitation for unstable ankle (UG) and the CG. There was no
statistically significant difference between the UG and CG. According to variables of
the unstable ankle, no statistical difference was found between the SG and UG.
However, there was a statistical difference between SG and CG in relation to the single-

leg stance on foam surface between pre and posttest findings in contrast to CG. For the
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tandem stance on the firm and foam surfaces condition of both ankles, no statistical
difference was found for intergroup variables. A statistically significant difference in
intergroup variables was observed in terms of pre and posttest findings of the BESS
Total. It was determined that SG and UG had lower the mean of BESS Total scores

compared to the CG. However, there was no statistical difference between SG and UG.

Table 4.13. Intergroup Comparison of Difference between Pre and Post-
Measurements Findings for BESS
Conditions (score) SG UG CG F p value
Mean = SD Mean = SD Mean = SD
Firm 0.00 0.00 0.50 +1.58 1.80* 0.407
A Double
Legstance | roam | -022+044 | -0.66+2.00 | 020+1.39 | 0.31* | 0.855
A Single Leg Stable -1.55+1.33 -0.11+0.92 0.20£0.78 11.25* 0.004
Stance
Firm Unstable | -1.55+1.23 -2.11+1.61 0.50+1.71 13.32* 0.001
A Single Leg | Stable | 244+1.13 | -0.88+078 | -0.50+084 | 1135 | 0.003
Stance
Foam Unstable | -2.00+1.11 -1.77+1.30 0.30 £ 0.67 14.02 0.000
A Tandem Stable -0.22+0.44 -0.44+0.72 -0.30 £ 0.67 0.51* 0.774
Stance
Firm Unstable | -1.00 +£0.86 -1.66 +2.50 -0.70 £ 0.94 1.44* 0.485
A Tandem Stable -1.44 +£0.88 -1.66 £1.50 | -0.50+0.84 3.00 0.068
Stance
Foam Unstable | -1.44 +£1.13 -2.44 +£3.00 -0.70+£0.82 5.90* 0.052
Stable -5.88+1.90 -377+2.72 | -0.40+3.16 10.23 0.001
A BESS
Total Unstable | -6.22+1.48 | -8.66+820 | 0.10+3.21 | 18.44* | 0.000

Data expressed as mean + standard deviation. BESS: Balance Error Scoring System SG: Rehabilitation
for Stable Ankle Group, UG: Rehabilitation for Unstable Ankle Group, CG: Control Group. *Kruskal
Wallis-H Test

4.4.3. Intergroup Comparison of Difference between Pre and Post-Measurements
Findings for Y Balance Test

According to The One-way ANOVA and Tukey post hoc test results, there were
significant differences for intergroup variables between study groups to reach distance
in the anterior, PM and PL directions (Table 4.14).
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The differences between pre and post-measurements for reach distance in the
anterior direction in stable ankles was found statistically significant between all groups.
These results showed that athletes in SG demonstrated better dynamic balance
performance in anterior direction after balance exercise training in compared to UG and
CG. In contrast to the CG, the athletes in UG performed better in the anterior direction.
For the unstable ankle, there was statistically significant difference between UG and CG
according to post hoc test results.

For differences in the mean values of reach distance in PM direction of both
ankles, statistical differences were observed between all groups. The results
demonstrated that the means of reach distance were increased in both groups in
compared to the CG.

When the difference of pre and posttest findings of reach distance in PL
direction of both ankles were compared, statistically significant differences were found
between groups. For the difference in the mean values of reach distance in PL direction
of the stable ankle, SG had greater reach distance in contrast to UG and CG. Whereas,
no statistical difference was found differences of pre and posttest findings of the stable
ankle for this direction in UG and CG. When the unstable ankle was considered, there
also were statistical different intergroup variables. This difference was due to the fact

that the mean value of SG and UG was higher than the CG.

Table 4.14. Intergroup Comparison of Difference between Pre and Post-
Measurements Findings for Y Balance Test

SG UG CG F value
Y Balance Test (Cm) | 028D | Mean+SD | Mean<SD :

A Stable 8.56 + 4.09 3.79 +3.33 0.10+ 1.44 17.52 0.000
Anterior | jnciaple | 4.58 +5.58 8.91 +3.91 0.40 + 2.69 9.80 0.001
Stable 10.25+3.49 | 6.93+6.73 -0.36+£2.37 13.82 0.000

APM
Unstable | 10.17+5.23 | 10.70+7.27 | 0.93+3.40 | 16.32* | 0.000
Stable 10.07+429 | 440+662 | -041+257 | 14.37* | 0.001

A PL
Unstable | 8.12+4.15 7.07+7.06 | -0.99+3.96 8.84 0.001

Data expressed as mean + standard deviation. SG: Rehabilitation for Stable Ankle Group, UG:
Rehabilitation for Unstable Ankle Group, CG: Control Group. PM: Posteromedial PL: Posterolateral

*Kruskal Wallis-H Test
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4.4.4. Intergroup Comparison of Difference between Pre and Post-Measurements
Findings for Jump and Hop Tests

When the difference of pre and posttest findings of the vertical jump test both
ankles were compared, no statistically significant difference was found between groups
(Table 4.15).

For figure-eight hop test for both ankles, there was a statistically significant
difference between groups for stable ankle and unstable ankle. The athletes in the SG
completed the test for the stable ankle less time than the other groups. For the unstable
ankle, SG and UG had similar improvements in time compared with the CG.

It was determined that there were statistically significant differences between the
groups in terms of the difference between pre and posttest findings of Side Hop Test for
both ankles. According to post hoc test, SG demonstrated better hopping performance
on the stable ankle compared to the CG. For the mean difference value of side hop test
for the unstable ankle, SG and UG had greater improvements in compared with CG.
There was no statistically significant difference between SG and UG in terms of sports

performance tests.

Table 4.15. Intergroup Comparison of Difference between Pre and Post-
Measurements Findings for Jump and Hop Tests
SG UG CG F p value
Mean = SD Mean £+ SD Mean £+ SD
A Stable 1.59 £2.69 2.96 +4.66 0.64 £1.43 2.43* 0.296
Vertical
J(Lém;) Unstable | 0.94+214 | 325+298 | 1.51+266 | 189 | 0171
A Stable -1.47+0.49 -0.61 £0.22 -0.27+£0.48 19.66 0.000
Figure-
Of‘(ge';')"p Unstable | -1.21+0.64 | -1.46+0.69 | -0.31+0.68 | 7.76 | 0.002
A Side Stable -2.01+1.17 -1.41 £0.84 -0.59+ 0.65 5.90 0.008
Hop
(sec) Unstable -2.14+1.62 -2.55+1.39 -0.45 +0.59 7.43 0.003

Data expressed as mean =+ standard deviation. SG: Rehabilitation for Stable Ankle Group, UG:
Rehabilitation for Unstable Ankle Group, CG: Control Group. *Kruskal Wallis-H Test
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5. DISCUSSION

The main aim of this study was to examine the effectiveness of the 4-week
unilateral balance exercise training on bilateral balance and explosive power among
athletes with CAIl and to compare the outcomes of this program on unilateral training
for stable ankle (SG) and unstable ankle (UG). Overall, our hypothesis is supported by
data. For the FAAM-ADL, FAAM-S, BESS single leg and tandem stance conditions
and BESS Total scores, anterior, PM and PL directions in Y Balance Test, vertical
jump, Figure-of-8 Test and Side Hop Test, athletes in the rehabilitation groups showed
better performance over time, and this did not depend on which ankle was rehabilitated.
Athletes in the control group (CG) demonstrated alteration overtime for the BESS
tandem stance on both surfaces for the unstable ankle and Side Hop Test for both
ankles. The improvements were greater among athletes in both rehabilitation groups
applied to the stable ankle and to the unstable ankle. These findings propose that the
unstable ankle improved although athletes were rehabilitated for the stable ankle only.

The validity of the study findings is strengthened by both the randomization of
the groups and the fewness of intergroup differences in our pre-measurement findings.
There were no statistical differences in age, body height, the mean of CAIT scores for
both ankles, number of ankle sprain history, playing time in their sports branch, the
distribution of gender and dominance of hand and foot between groups. However,
statistical differences were found in weight, accordingly BMI and BESS tandem stance
on the foam surface condition for the stable ankle between groups. This statistical
difference was due to the difference of findings between SG and CG. The number of
ankle sprain history and static balance were not found considerably related to the ankle
sprain injury. In the literature, several studies have shown that BMI is an important
predictor of ankle sprain injuries (114-116). Gribble et al. indicated the cutoff score of
BMI as 26.69 kg/m? (114). Also, these studies have found that male college athletes had
a higher risk of ankle sprains with greater BMI score and lesser reach distance of the
YBT anterior. For female college athletes, these variables were not found as
significantly related to the ankle sprains (114,116). In another study, BMI and female

gender also have an impact on static postural control (117). According to the literature,
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pre-test results in terms of BMI and tandem stance condition may be related to each
other in our study.

The presence of bilateral improvements in our study can be explained for several
possible reasons. Alteration and adaptations in the central pathways of the CNS are
probably the main cause of the bilateral improvements observed. Researchers (16,74)
have claimed that changes at the spinal or supraspinal level may occur after an injury.
After acute ankle sprain, bilateral postural control deficits may result from these central
alterations (16). With proper strong evidenced rehabilitation, the alteration of
neuromuscular re-education can be possible by enhancing the central processing and the
efferent response to the afferent somatosensory input. Several authors (15,75,102,118)
have found that bilateral improvements in function and NMC in individuals with CAI
following unilateral exercise training. Ozsezikli et al. have suggested that the
perturbation increases the prefrontal circulation which is activated during central input
processing and motor planning. Therefore, this result may be considered as an increase
in activity in the task-related neural centers and a parallel effect of plasticity (119). Even
though it is clear that unilateral exercise training produces bilateral improvement in
balance and sports performance, the mechanisms behind these improvements remain
unclear. The improvements measured in the present study are unlikely to arise from the
athletes who independently trained the unstable ankle because before the study, the
athletes were informed that they were not allowed to perform training outside the
supervised session and after the study it was confirmed that they did not perform
training during their sessions. Since athletes with CAl in the CG have been reported to
be stable between pre and post-measurement, few improvements demonstrated by CG
and the outcome measures of our study are explained by neither natural healing nor a
learning effect.

Although several studies have revealed bilateral improvements after unilateral
exercise training, studies investigating improvements on unstable ankle training to
stable ankle are limited. This study is the first to evaluate sports performance in athletes
with CAl, who especially playing in team sports and to compare the stable ankle and
unstable ankle training. Given the possible deterioration of ligamentous structures, local
mechanoreceptors, and consequently dynamic stabilizers in the injured ankle, it was not
clear enough whether the improvement on the unstable ankle was seen after training the
stable ankle. One of the reasons may be that if only the stable ankle of the patients was

trained, their levels of motivation, confidence, and anxiety would limit the function and
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performance on the unstable ankle. Hale et al. have evaluated whether training only the
stable ankle showed an therapeutically beneficial effect on the unstable ankle. They
have reported that balance exercise training the stable ankle demonstrated the same
therapeutic effect on the unstable ankle in terms of level of function, static and dynamic
balance. This study is the first to elicit evidence that balance exercise training of the
stable ankle may provide improvements in sports performance in addition to previous
studies. Our findings also support some researches (82,83,120) that only 4-week of
rehabilitation may provide achievement in alterations in the central mechanism of
neuromuscular control.

According to present study, the athletes in SG and UG showed greater
improvement across time in mean values of the functional limitation scales of the
FAAM-ADL (respectively 15.06-point change (14.22%) and 9,79-point change
(11.66%)) and FAAM-S (4.8-point change (15.0%) for both groups) regardless of
which ankle is trained. We hypothesize that the FAAM-ADL and FAAM-S scores of
both rehabilitation groups demonstrated such a significant improvement in comparison
with the control group and that the rehabilitation given regardless of stable or unstable
ankle improved in the unstable ankle. The control group showed only a 0.42-point
change (0.50%) on the FAAM-ADL and a 0.48-point change (1.50%) on the FAAM-S.
The minimal clinically important differences (MCID) for FAAM-ADL and FAAM-S is
reported to have an MCID of 8 points for the ADL subscale and 9 points for the sports
subscale (107). A validity study (106) reported that the FAAM-ADL and FAAM-S were
reliable to use in detection of self-reported functional dysfunctions associated with CAL.
Minimally clinically important difference values were reached with only FAAM-ADL
in our findings so clinically relevant changes over the 4-week training were noted in SG
and UG groups. Minoonejad et al. have reported that 6-weeks of balance training
including hop stabilization exercises have found to effectively improve self-reported
function and NMC in college basketball players with CAI (81). Anguish et al. have also
found that 4-week balance training program involving traditional single-legged balance
training or progressive dynamic balance training for individuals with CAl demonstrated
similar improvements in the lower extremity function especially in FAAM-S (85).

In general, the performance of the athletes on the BESS also indicates a
therapeutic benefit of the balance exercise training program. The improvements were
detected in the performance of the tandem stance foam surface condition for all groups

and ankles. Our these findings in BESS are supported by Hale et al. (15) have found the
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improvement only in findings of the tandem stance foam surface condition for both
ankles in both rehabilitation groups and control group. Docherty et al. (110) also found
the BESS has been sensitive to reveal differences between stable and unstable ankles
among individuals with CAl. Contrary to the results of Hale et al, the athletes in SG and
UG demonstrate the improvements in all condition of the BESS with the exception of
the single-leg stance on a firm for stable ankle. It is possible to suggest that 4-week
balance training for individuals or athletes with CAl can be considered in order to
improve the static balance of unstable ankle, regardless of which ankle is trained.

Dynamic balance which was assessed by Y Balance Test in anterior, PM and PL
directions improved by the athletes in SG and UG. Researchers (121) have presented
evidence that the Y Balance Test is sensitive for assessing musculoskeletal
impairments, like chronic ankle instability. Statistically significant differences have
found in our results in terms of the reach distances in the anterior, PM and PL directions
between groups. In all direction, there was an improvement between pre and posttest
finding in SG and UG. Also, our findings were supported by Hale et al. (15) that have
observed the improvement in the anterior and PM reach distance by training only the
stable ankle. Otherwise, when uninjured ankle is considered, some researches
investigated 4-weeks balance exercise program on individual with CAl by using SEBT.
At the end of the program, they have found that improvements have been observed in
function and dynamic postural control. Also, there is evidence that SEBT may be
effective evaluation method to follow the change after rehabilitation for the CAI (82—
85). These results show that regardless of which ankle is used for balance training, there
is an improvement in balance on the unstable ankle.

Sports performance including vertical and horizontal jumping of the athletes in
our study was evaluated by Countermovement Jump Test, Figure-of-8 Hop, and Side
Hop Tests. According to our findings, statistically significant differences were observed
between pre and post-measurement in SG and UG in terms of CMJ and Figure-of-8 Hop
Test. In results of Side Hop Test, all group demonstrated the improvement in time
between pre and post-measurement. When we consider the differences intergroup, the
improvement was not observed in CMJ findings. SG and UG showed better
performance compared to the CG. For the stable ankle, especially SG performed much
better than other groups. These 3 functional tests were chosen depending on their ability
to create stress the lateral side of the ankle and to recreate the mechanisms that may

cause the experience of FI (113,122). All those tests were timed over a set course or
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distance, as we categorized the tests as muscular power and agility movements. Agility
maneuvers include rapid and sudden direction changes occurring in response to a
stimulus, which is an essential component in several competitive sports (113).
Particularly with CAI, these tests may consist of the movements during sports activity
leading to sensation of giving away and instability. Previous CAIl researches have used
single-legged functional tests based on agility tests like the single leg hopping course
(123) or power tests such as the single leg hop test (122). Docherty et al. (122) showed
the presence of a relationship between the level of self-reported ankle function and
Figure-8 hop and Side hop tests performance. Also they have found performance
deficits in terms of agility in individuals with CAIl. However, others have found no
significant difference in many agility and hopping tasks or muscular power performance
between those with and without CAI (124,125).

Although our data suggest that there is a cross-effect on the unstable ankle after
stable ankle training, further research is needed. Researchers should establish ideal
treatment guidelines to maximize function, accelerate the return to sports, and decrease
the risk of re-injury. It is difficult to examine the literature to determine the optimal
treatment guideline because there is excessive variability in the methods to be used. Our
results and others' studies (15,82—84,120) claims that balance improvements occur after
only 4 weeks of training. When we compare our results with researchers using the
similar assessment methods in individuals or athletes who have completed a 6-week
rehabilitation program, it is not clear whether a longer intervention time will yield better
consequences. Besides, the improvement in studies involving a 4-week of training
program may be due to low fitness levels of individuals and amateur athletes.
Professional athletes who have high athletic performance may not show the same
improvement over a 4-week period. It is also difficult to determine the optimal number
of rehabilitation sessions due to variations of treatment guidelines, assessment methods
and outcome measures and conflicting evidences about dose-response relationship. Hale
et al. (15) conducted a study similar to ours, investigated the effects of balance exercise
training on the FADI and SEBT scores. The participants like our participants completed
the training program only 8 sessions in 4 weeks.

Future researches including a more various athletic population in different sports
branches also will support to validate our findings. In particular, researchers should
examine individuals or athletes with acute LAS and with/out mechanical instability. In

addition, future researches should evaluate study populations with unilateral and
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bilateral ankle instability, and amateur and professional athletes groups with different
branches and activity levels.

By training only the stable or uninjured ankle, clinicians are able to start NMC
retraining before completing the acute phase of healing, before allowing individuals to
weight-bearing on the injured or unstable ankle, or even with other precautions or
contraindications to exercise because of their injuries. Athletes with history of chronic
injuries can initiate the training protocols on the stable ankle by performing functional
and NMC retraining at higher levels. It is possible that these activities are initiated on
the stable ankle will bring about earlier improvements in function and postural control
on the unstable ankle. In this way, shorter rehabilitation times, early return to sports and
reduction in health care costs may be possible. This can also provide psychosocial
benefits by facilitating individuals to participate in functional training -earlier,

encouraging a continuous connection with activities that motivate the individual.
The limitations of our study;

-The long follow-up results were needed to evaluate the long-term effects of the

balance exercise training applied to only stable ankle and only unstable ankle.
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6. CONCLUSION

Lower extremity function, static and dynamic balance, sports performance
including explosive power on the injured side can be improved with balance
training including balance and hop stabilization exercises applied to both only
the stable ankle and only the unstable ankle.

The differences in all variables were similar in the stable ankle rehabilitation
group and unstable rehabilitation groups.

Vertical jump performance on the unstable ankle may be improved with balance
exercise training applied to the unstable ankle.

The balance exercise training applied to both the stable and unstable ankle alone
may improve not only the unstable ankle but also the stable ankle, but the
improvement was higher in the stable ankle rehabilitation group.

Only 4-week of balance exercise training can provide bilateral improvements in
terms of functionality, static and dynamic balance and explosive power in
athletes with CAL.

The balance training involving balance and hop stabilization exercises can be
recommended to clinicians to include the stable ankle rehabilitation as a part of
the comprehensive rehabilitation strategy for individuals or athletes with CAl to

avoid losing lower extremity functions and sports performances.

69



10.

11.

12.

13.

7. REFERENCES

Fong DTP, Hong Y, Chan LK, Yung, PSH, Chan KM. A systematic review on
ankle injury and ankle sprain in sports. Sport Med. 2007;37(1):73-94.

Suda EY, Sacco IC. Altered leg muscle activity in volleyball players with
functional ankle instability during a sideward lateral cutting movement. Phys
Ther Sport. 2011;12(4):164-170.

Ferran NA, Maffulli N. Epidemiology of Sprains of the Lateral Ankle Ligament
Complex. Foot Ankle Clin. 2006;11(3):659-662.

Woods C, Hawkins R, Hulse M, Hodson A. The Football Association Medical
Research Programme : Br J Sports Med. 2003;37(May 1999):233-239.

Al-Mohrej OA, Al-Kenani NS. Acute ankle sprain: conservative or surgical
approach? EFORT Open Rev. 2016;1(2):34-44.

Donovan L, Hertel J. A new paradigm for rehabilitation of patients with chronic
ankle instability. Phys Sportsmed. 2013;40(4):41-51.

Doherty C, Bleakley C, Delahunt E, Holden S. Treatment and prevention of acute
and recurrent ankle sprain: An overview of systematic reviews with meta-
analysis. Br J Sports Med. 2017;51(2):113-125.

Gribble PA, Robinson RH. An Examination of Ankle,Knee, and Hip Torque
Production in Individuals with Chronic Ankle Instability. Strength Cond.
2009;23(2):395-400.

Groters S, Groen BE, van Cingel R, Duysens J. Double-leg stance and dynamic
balance in individuals with functional ankle instability. Gait Posture.
2013;38(4):968-973.

Holmes A, Delahunt E. Treatment of common deficits associated with chronic
ankle instability. Sport Med. 2009;39(3):207-224.

Baczkowicz D, Falkowski K, Majorczyk E. Assessment of Relationships
Between Joint Motion Quality and Postural Control in Patients With Chronic
Ankle Joint Instability. J Orthop Sport Phys Ther. 2016;47(8):570-577.

Hagen M, Lemke M, Lahner M. Deficits in subtalar pronation and supination
proprioception in subjects with chronic ankle instability. Hum Mov Sci.
2018;57(September):324-331.

Hurd, W.J., Snyder-Mackler, L. Neuromuscular Training, in Sports-Specific
Rehabilitation, Donatelli R.A. Elsevier Health Sciences. 2007. p.247.

70



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Riemann BL, Lephart SM. The sensorimotor system, Part I: The physiologic
basis of functional joint stability. J Athl Train. 2002;1(1):71-79.

Hale SA, Fergus A, Axmacher R, Kiser K. Bilateral improvements in lower
extremity function after unilateral balance training in individuals with chronic
ankle instability. J Athl Train. 2014;49(2):181-191.

Evans T, Hertel J, Sebastianelli W. Bilateral deficits in postural control following
lateral ankle sprain. Foot Ankle Int. 2004;25(11):833-839.

Kim E, Choi H, Cha J, Park J-C, Kim T. Effects of neuromuscular training on the
rear-foot angle kinematics in elite women field hockey players with chronic ankle
instability. J Sport Sci Med. 2017;16(1):137.

Cruz-Diaz D, Lomas-Vega R, Osuna-Pérez M, Contreras F, Martinez-Amat A.
Effects of 6 Weeks of Balance Training on Chronic Ankle Instability in Athletes:
A Randomized Controlled Trial. Int J Sports Med. 2015;36(09):754-760.
O’Driscoll J, Kerin F, Delahunt E. Effect of a 6-week dynamic neuromuscular
training programme on ankle joint function: A Case report. Sport Med Arthrosc
Rehabil Ther Technol. 2011;3(1):1-7.

Mattacola CG, Dwyer MK. Rehabilitation of the Ankle After Acute Sprain or
Chronic Instability. J Athl Train. 2002;37(4):413-429.

Galhoum AE, Wiewiorski M, Valderrabano V. Ankle instability: Anatomy,
mechanics, management and sequelae. Sport Orthop Traumatol. 2017;33(1):47-
56.

Tanaka H, Mason L. (v) Chronic ankle instability. Orthop Trauma.
2011;25(4):269-278.

Rockar PA. The Subtalar Joint: Anatomy and Joint Motion. J Orthop Sports Phys
Ther. 1995;21(22):361-372.

Neumann, D.A. Kinesiology of the Musculoskeletal System. 2nd ed. Elsevier
Health Sciences. 2010. p. 573-626.

Hertel J. Functional Anatomy, Pathomechanics, and Pathophysiology of Lateral
Ankle Instability. J Athl Train. 2002;37(4):364-375.

Lundberg A, Goldie I, Kalin bo, Selvik G. Kinematics of the Ankle/Foot
Complex: Plantarflexion and Dorsiflexion. Foot Ankle Int. 1989;9(4):194-200.
Burks RT, Morgan J. Anatomy of the Lateral Ankle Ligaments. Am J Sports
Med. 1994;22(1):72-77.

Lynch SA, Renstrom PAFH. Treatment of Acute Lateral Ankle Ligament

71



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rupture in the Athlete. Sport Med. 2006;27(1):61-71.

Bonnel F, Toullec E, Mabit C, Tourné Y. Chronic ankle instability:
Biomechanics and pathomechanics of ligaments injury and associated lesions.
Orthop Traumatol Surg Res. 2010;96(4):424-432.

Dawe EJC, Davis J. (vi) Anatomy and biomechanics of the foot and ankle.
Orthop Trauma. 2011;25(4):279-286.

Lin CF, Gross MT, Weinhold P. Ankle Syndesmosis Injuries: Anatomy,
Biomechanics, Mechanism of Injury, and Clinical Guidelines for Diagnosis and
Intervention. J Orthop Sport Phys Ther. 2006;36(6):372-384.

Standring, S., Borley, N.R., Collins, P., et al. Gray’s Anatomy: The Anatomical
Basis of Clinical Pratice (14th Ed.). Elsevier Health Sciences. 2008;Vol 57:1417-
1422.

Michelson JD, Hutchins C. Mechanoreceptors in human ankle ligaments. J Bone
Joint Surg Br. 1995;77(2):219-24.

Funk JR. Ankle injury mechanisms: Lessons learned from cadaveric studies. Clin
Anat. 2011;24(3):350-361.

Bozkurt M, Doral MN. Anatomic Factors and Biomechanics in Ankle Instability.
Foot Ankle Clin. 2006;11(3):451-463.

Michael JM, Golshani A, Gargac S, Goswami T. Biomechanics of the ankle joint
and clinical outcomes of total ankle replacement. J Mech Behav Biomed Mater.
2008;1(4):276-294.

Sheehan FT, Seisler AR, Siegel KL. In Vivo Talocrural and Subtalar Kinematics:
A Non-invasive 3D Dynamic MRI Study. Foot Ankle Int. 2007;28(3):323-335.
Valderrabano, V., Easley, M., ed. Foot and ankle sports orthopaedics. Springer.
2017. p. 37-38.

Anderson RB, Hunt KJ, Mccormick JJ. Management of Common Sports-related
Injuries About the Foot and Ankle. J Am Acad Orthop Surg. 2010;18(9):546-556.
Stephenson, D.R., Charlton, T.P., Thordarson, D.B. Ankle Instability, in Sports
medicine and arthroscopic surgery of the foot and ankle, Saxena, A. ed. Springer
Science & Business Media. 2013. p. 151.

Mangwani J, Hakmi MA, Smith TWD. Chronic lateral ankle instability: Review
of anatomy, biomechanics, pathology, diagnosis and treatment. Foot.
2001;11(2):76-84.

Aman JE, Elangovan N, Yeh IL, Konczak J. The effectiveness of proprioceptive

72



43.

44,

45.

46.

47.

48.

49,

50.

o1.

52.

53.

54,

55.

56.

training for improving motor function: a systematic review. Front Hum Neurosci.
2015:8:1-18.

Witt BL, Witt SL. Acute ankle sprains: A review of literature. Osteopath Fam
Physician. 2013;5(5):178-184. doi:10.1016/j.0sfp.2013.04.001

Miller A, Raikin SM. Lateral Ankle Instability. Oper Tech Sports Med.
2014;22(4):282-289. doi:10.1053/j.0tsm.2014.09.008

Van Den Bekerom MPJ, Oostra RJ, Alvarez PG, Van Dijk CN. The anatomy in
relation to injury of the lateral collateral ligaments of the ankle: A current
concepts review. Clin Anat. 2008;21(7):619-626. doi:10.1002/ca.20703

Stacoff A, Steger J, Stiissi E, Reinschmidt C. Lateral stability in sideward cutting
movements. Medicine and science in sports and exercise, 1996;.28(3): 350-358.
Beynnon BD, Renstrom PA, Alosa DM, Baumhauer JF, Vacek PM. Ankle
ligament injury risk factors: A prospective study of college athletes. J Orthop
Res. 2001;19(2):213-220.

Kobayashi T, Tanaka M, Shida M. Intrinsic Risk Factors of Lateral Ankle Sprain.
Sport Heal A Multidiscip Approach. 2015;8(2):190-193.

Tropp H, Odenrick P, Gillquist J. Stabilometry recordings in functional and
mechanical instability of the ankle joint. Int J Sports Med. 1985;6(3):180-182.
McGuine TA, Greene JJ, Thomas B, Leverson G. Balance As a Predictor of
Ankle Injuries in High School Basketball Players. Clin J Sport Med.
2000;10(4):239-244.

Payne KA, Berg K, Latin RW. Ankle Injuries and Ankle Strength, Flexibility,
and Proprioception in College Basketball Players. J Athl Train. 1997;32(3):221-
225.

Baumhauer JF, Alosa DM, Renstrom PAFH, Trevino S, Beynnon B. A
Prospective Study of Ankle Injury Risk Factors. Am J Sports Med.
1995;23(5):564-570.

Beynnon BD, Murphy DF, Alosa DM. Predictive Factors for Lateral Ankle
Sprains: A Literature Review. J Athl Train. 2002;37(4):376-380.

Murphy DF, Connolly DAJ, Beynnon BD. Risk factors for lower extremity
injury: a review of the literature. Br J Sports Med. 2003;37(1):13-29.

Frank C, Amiel D, Woo SL AW. Normal ligament properties and ligament
healing. 1985;196:15-25.

Kaminski TW, Hertel J, Amendola N, et al. National athletic trainers’ association

73



S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

position statement: Conservative management and prevention of ankle sprains in
athletes. J Athl Train. 2013;48(4):528-545.

Hossain M, Thomas R. Ankle instability: Presentation and management. Orthop
Trauma. 2015;29(2):145-151.

McCriskin BJ. Management and prevention of acute and chronic lateral ankle
instability in athletic patient populations. World J Orthop. 2015;6(2):161.
Dearden PM, Reeve WJ, Sharpe IT. Management of acute ankle ligament
injuries. Orthop Trauma. 2018;32(6):394-400.

Saluta J, Nunley J. Managing foot and ankle injuries in athletes. J Musculoskelet
Med. 2010;27(9):355-363.

McGovern RP, Martin RL. Managing ankle ligament sprains and tears: current
opinion. J Sports Med. 2016;7:33-42.

Giangarra, C.E., Manske, R.C. Clinical Orthopaedic Rehabilitation :A Team
Approach. Elsevier Health Sciences. 2018. p. 275-277.

Tabrizi P, Mcintyre WMJ, Quesnel MB, Howard AW. Limited dorsiflexion
predisposes to injuries of the ankle in children. J Bone Jt Surg [Br]. 2000;8:1103-
1106.

Leanderson J, Wykman A, Eriksson E. Ankle sprain and postural sway in
basketball players. Knee Surgery, Sport Traumatol Arthrosc. 1993;1(3-4):203-
205.

Harrington KD. Degenerative arthritis of the ankle secondary to long-standing
lateral ligament instability. J Bone Joint Surg Am. 1979;61(3):354-361.

Freeman AR, Dean RE. The Etiology and Prevention of Functional Instability of
the Foot. J Bone Joint Surg. 1965;47(4):678-685.

Freeman MAR. Instability Of The Foot Lateral Ligament Affer Injuries Of The
Ankle. J Bone Joint Surg. 1965;47 B(4):669-677.

Taylor J. Proprioception. Encycl Neurosci. 2009:1143-1149.

Docherty CL, Moore JH, Arnold BL. Effects of strength training on strength
development and joint position sense in functionally unstable ankles. J Athl
Train. 1998;33(4):310-314.

Willems T, Witvrouw E, Verstuyft J, Vaes P, Clercq D De. Proprioception and
Muscle Strength in.pdf. J Athl Train. 2002;37(4):487-493.

Wright IC, Neptune RR, van den Bogert AJ, Nigg BM. The influence of foot
positioning on ankle sprains. J Biomech. 2000;33(5):513-519.

74



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Konradsen L, Olesen S, Hansen HM. Ankle sensorimotor control and eversion
strength after acute ankle inversion injuries. Am J Sports Med. 1998;26(1):72-77.
Bullock-Saxton JE, Janda VV BM. The influence of ankle sprain injury on muscle
activation. Int J Sports Med. 1994;15(4):330-334.

Hertel J, Buckley WE, Denegar CR. Serial Testing of Postural Control after
Acute Lateral Ankle Sprain. J Athl Train. 2001;36(4):363-368.

Gauffin H, Tropp H, Odenrick P. Effect of ankle disk training on postural control
in patients with functional instability of the ankle joint. Int J Sport Med.
1988;9(02): 141-144.

Bernier JN, Perrin DH, Rijke A. Effect of unilateral functional instability of the
ankle on postural sway and inversion and eversion strength. J Athl Train.
1997;32(3):226-232.

Wikstrom EA, Naik S, Lodha N, Cauraugh JH. Bilateral balance impairments
after lateral ankle trauma: A systematic review and meta-analysis. Gait Posture.
2010;31(4):407-414.

Friden T, Zitterstrom R, Lindstrand A, Moritz U. A stabilometric technique for
evaluation of lower limb instabilities. Am J Sports Med. 1989;17(1):118-122.
Taniguchi Y. Lateral specificity in resistance training: The effect of bilateral and
unilateral training. Eur J Appl Physiol Occup Physiol. 1997;75(2):144-150.
Miklovic TM, Donovan L, Protzuk OA, Kang MS, Feger MA. Acute lateral
ankle sprain to chronic ankle instability: a pathway of dysfunction. Phys
Sportsmed. 2018;46(1):116-122.

Minoonejad H, Ardakani MK, Rajabi R, Wikstrom, EA, Sharifnezhad A. Hop
Stabilization Training Improves Neuromuscular Control in College Basketball
Players With Chronic Ankle Instability: A Randomized Controlled Trial. J. Sport
Rehabil. 2019;28(6):576-583.

Han K, Ricard MD, Fellingham GW. Effects of a 4-Week Exercise Program on
Balance Using Elastic Tubing as a Perturbation Force for Individuals With a
History of Ankle Sprains. J Orthop Sport Phys Ther. 2009;39(4):246-255.

Hale SA, Hertel J, Olmsted-Kramer LC. The Effect of a 4-Week Comprehensive
Rehabilitation Program on Postural Control and Lower Extremity Function in
Individuals With Chronic Ankle Instability. J Orthop Sport Phys Ther.
2007;37(6):303-311.

Mckeon PO, Ingersoll CD, Kerrigan DC, Saliba E, Bennett BC, Hertel J. Balance

75



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

training improves function and postural control in those with chronic ankle
instability. Med Sci Sports Exerc. 2008;40(10):1810-1819.

Anguish B, Sandrey MA. Two 4-Week Balance-Training Programs for Chronic
Ankle Instability. J Athl Train. 2018;53(7):662-671.

Hall EA, Chomistek AK, Kingma JJ, Docherty CL. Balance- and strength-
training protocols to improve chronic ankle instability deficits, part I1: Assessing
patient-reported outcome measures. J Athl Train. 2018;53(6):578-583.

Kim T, Kim E, Choi H. Effects of a 6-Week Neuromuscular Rehabilitation
Program on Ankle Evertor Strength and Postural Stability in Elite Women Field
Hockey Players With Chronic Ankle Instability. J Sport Rehabil. 2016.

Schiftan GS, Ross LA, Hahne AJ. The effectiveness of proprioceptive training in
preventing ankle sprains in sporting populations: A systematic review and meta-
analysis. J Sci Med Sport. 2015;18(3):238-244.

Scripture E, Smith T, Brown E. On the education of muscular power and control.
Stud from Yale Psychol Lab. 1894;2:114-119.

Munn J, Herbert RD, Hancock MJ, Gandevia SC. Training with unilateral
resistance exercise increases contralateral strength. J Appl Physiol.
2005;99(5):1880-1884.

Munn J, Herbert RD, Gandevia SC. Contralateral effects of unilateral resistance
training: a meta-analysis. J Appl Physiol. 2004;96(5):1861-1866.

Dragert K, Zehr EP. Bilateral neuromuscular plasticity from unilateral training of
the ankle dorsiflexors. Exp Brain Res. 2011;208(2):217-227.

Hortobagyi T, Taylor JL, Petersen NT, Russell G, Gandevia SC. Changes in
segmental and motor cortical output with contralateral muscle contractions and
altered sensory inputs in humans. J Neurophysiol. 2003;90(4):2451-2459.

Lee M, Carroll TJ. Cross education: Possible mechanisms for the contralateral
effects of unilateral resistance training. Sport Med. 2007;37(1):1-14.

Lee M, Carroll TJ, Hortobagyi T, et al. Neural adaptations to resistance training:
Implications for movement control. Sport Med. 2001;90(1):1-14.

Carroll TJ, Herbert RD, Munn J, Lee M, Gandevia SC. Contralateral effects of
unilateral strength training: evidence and possible mechanisms. J Appl Physiol.
2006;101(5):1514-1522.

Lagerquist O, Zehr EP, Docherty D. Increased spinal reflex excitability is not

associated with neural plasticity underlying the cross-education effect. J Appl

76



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Physiol. 2005;100(1):83-90.

Kristeva R, Cheyne D, Deecke L. Neuromagnetic fields accompanying unilateral
and bilateral voluntary movements: topography and analysis of cortical sources.
Electroencephalogr Clin Neurophysiol Evoked Potentials. 1991;81(4):284-298.
Random Team Generator — Split a list into random groups.
https://www.randomlists.com/team-generator. Accessed June 18, 20109.

Gribble PA, Delahunt E, Bleakley C, et al. Selection criteria for patients with
chronic ankle instability in controlled research: A position statement of the
International Ankle Consortium. Br J Sports Med. 2014;48(13):1014-1018.
Wright CJ, Arnold BL, Ross SE, Linens SW. Recalibration and validation of the
Cumberland Ankle Instability Tool cutoff score for individuals with chronic
ankle instability. Arch Phys Med Rehabil. 2014;95(10):1853-1859.

Rozzi SL, Lephart SM, Sterner R, Kuligowski L. Balance Training for Persons
With Functionally Unstable Ankles. J Orthop Sport Phys Ther. 2013;29(8):478-
486.

Eils E, Rosenbaum D. A multi-station proprioceptive exercise program in
patients with ankle instability. Med Sci Sports Exerc. 2001;33(12):1991-1998.
Hiller CE, Refshauge KM, Bundy AC, Herbert RD, Kilbreath SL. The
Cumberland Ankle Instability Tool: A Report of Validity and Reliability Testing.
Arch Phys Med Rehabil. 2006;87(9):1235-1241.

Celik D, Malko¢ M, Martin RR. Evidence for reliability, wvalidity and
responsiveness of Turkish Foot and Ankle Ability Measure (FAAM). Rheumatol
Int. 2016;36(10):1469-1476.

Carcia CR., Martin RL, Drouin JM. Validity of the foot and ankle ability
measure in athletes with chronic ankle instability. J Athl Train. 2008;43(2):179-
183.

Martin RL, Swearingen JM Van, Conti SF, Burdett RG, Irrgang JJ. Evidence of
Validity for the Foot and Ankle Ability Measure (FAAM). Foot Ankle Int.
2017;26(11):968-983.

Anaforoglu Kulunkoglu B, Celik D. Reliability and Validity of the Turkish
Version of Foot and Ankle Ability Measure for Patients With Chronic Ankle
Disability. J Foot Ankle Surg. 2019;58(1):38-41.

UNC Chapel Hill. Balance Error Scoring System ( BESS ). Univ North
Carolina’s Sport Med Res Lab. 2007:7.

77



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Docherty CL, Mcleod TCV, Shultz SJ. Postural control deficits in participants
with functional ankle instability as measured by the Balance Error Scoring
System. Clin J Sport Med. 2006;16(3):19-21.

Hertel J, Miller SJ, Denegar CR. Intratester and Intertester Reliability during the
Star Excursion Balance Tests. J Sport Rehabil. 2016;9(2):104-116.

Hertel J, Braham RA, Hale SA, Olmsted-Kramer LC. Simplifying the Star
Excursion Balance Test: Analyses of Subjects With and Without Chronic Ankle
Instability. J Orthop Sport Phys Ther. 2013;36(3):131-137.

Caffrey E, Docherty CL, Schrader J, Klossnner J. The Ability of 4 Single-Limb
Hopping Tests to Detect Functional Performance Deficits in Individuals With
Functional Ankle Instability. J Orthop Sport Phys Ther. 2009;39(11):799-806.
Gribble PA, Terada M, Beard MQ, et al. Prediction of Lateral Ankle Sprains in
Football Players Based on Clinical Tests and Body Mass Index. Am J Sports
Med. 2016;44(2):460-467.

Yard E, Comstock D. Injury Patterns by Body Mass Index in US High School
Athletes. J Phys Act Heal. 2016;8(2):182-191.

Hartley EM, Hoch MC, Boling MC. Y-balance test performance and BMI are
associated with ankle sprain injury in collegiate male athletes. J Sci Med Sport.
2018;21(7):676-680.

Ku PX, Osman NAA, Yusof A, Abas WABW. Biomechanical evaluation of the
relationship between postural control and body mass index. J Biomech.
2012;45:1638-1642.

Osborne MD, Chou LS, Laskowski ER, Smith J, Kaufman KR. The effect of
ankle disk training on muscle reaction time in subjects with a history of ankle
sprain. Am J Sports Med. 2001;29(5):627-632.

Ozsezikli BA, Cetin G, Mengi M, Altan M, Metin G, Hanoglu L. Possible
Influence of Perturbation Implication, a Neurorehabilitation Model, On Brain
Plasticity Using NIRS System. Int J Healthc Sci. 2017;5(1):332-338.

Lee KY, Lee HJ, Kim SE, Choi PB, Song SH, Jee YS. Short term rehabilitation
and ankle instability. Int J Sports Med. 2012;33(6):485-496.

Olmsted LC, Carcia CR, Hertel J, Shultz SJ. Efficacy of the Star Excursion
Balance Test in detecting reach deficits in subjects with chronic ankle instability.
J Athl Train. 2002;37(4):501-506.

Docherty CL, Arnold BL, Gansneder BM, Hurwitz S, Gieck J. Functional-

78



123.

124.

125.

Performance Deficits in Volunteers With Functional Ankle Instability. J Athl
Train. 2005;40(1):30-34.

Buchanan AS, Docherty CL, Schrader J. Functional performance testing in
participants with functional ankle instability and in a Healthy Control Group. J
Athl Train. 2008;43(4):342-346.

Demeritt KM, Shultzt SJ, Docherty CL, Gansneder BM, Perrin DH. Chronic
ankle instability does not affect lower extremity functional performance. J Athl
Train. 2002;37(4):507-511.

Munn J, Beard DJ, Refshauge KM, Lee RWY. Do functional-performance tests
detect impairment in subjects with ankle instability? J Sport Rehabil.
2002;11(1):40-50.

79



8. APPENDIXES

8.1. Appendix 1 Informed Written Consent

ARASTIRMAYA KATILIM ONAM FORMU

Bu caligma Istanbul Universitesi Tip Fakiiltesi Spor Hekimligi Anabilim Dal ve
Yeditepe Universitesi Saglik Bilimleri Enstitiisii Spor Fizyoterapisi Boliimii tarafindan
yuriitillen “Kronik ayak bilegi instabilitesi olan sporcularda unilateral denge
egitiminin bilateral denge ve patlayic1 gii¢ iizerine etkisi” bashikli arastirma
kapsaminda planlanmistir. Bu ¢alismanin amaci, 4 haftalik tek tarafli denge egzersiz
egitim programinin kronik ayak bilegi instabilitesi olan atletlerdeki bilateral denge ve
patlayict giicli tlizerindeki etkilerini arastirmaktir. Calismamiza katilmayi kabul eden
goniillii bireylerin; yasi, cinsiyeti, sosyo-demografik kosullari, var olan kronik
hastaliklar1, gegirilen cerrahi durumlari, yaralanmalar1 ve antrenman davraniglarma dair
bilgiye ulasilarak, tedavi planina dahil edilecektir. Deney grubuna katilacak olan
bireyler 4 hafta siireyle egzersiz egitimi alacaktr. Bu amagla kullanilan
degerlendirmelerin  sonuglar1  yalnizca arastirma kapsamindaki ¢aligmalarda
kullanilacaktir.

Arastirma ile ilgili sizden doldurmanizi istedigimiz formlar1 dogru bir sekilde
doldurmanizi ve herhangi bir sikayetiniz ya da rahatsizliginiz oldugunda bize
bildirmeniz gerekmektedir. Istediginiz zaman ¢alisma disina ¢ikma hakkiniz oldugunu
bilmenizi isteriz. Bu arastirma kapsaminda uygulanacak olan uygulamalarda herhangi
bir risk bulunmamakta ve yapilacak hicbir uygulama size zarar vermeyecektir. Bu
arastirma dahilinde sizden herhangi bir iicret talep edilmemektedir. Bu arastirmada yer
almaniz nedeniyle size hi¢bir 6deme yapilmayacaktir. Kisisel bilgileriniz herhangi bir
amagcla, kurum yoOneticileri veya tiglincii kisilerle paylasilmayacaktir.

Katiliminiz i¢in tesekkiir ederiz.
Sorumlu arastirmaci: Prof. Dr. Gokhan Metin

Yardimc1 Arastirmact: Fzt. Ayca Yagcioglu - 0543 280 0692 (24 saat ulasilabilecek
kisi)

“Kronik ayak bilegi instabilitesi olan sporcularda unilateral denge egitiminin
bilateral denge ve patlayiaa  gii¢ iizerine etkisi” isimli = ¢aligmada
katilimciya/goniilliiye verilmesi gereken bilgileri okudum ve katilmam istenen
calismanin kapsamini ve amacini, goniillii olarak iizerime diisen sorumluluklari
tamamen anladim. Cahsma hakkinda yazih ve sozlii aciklama adi belirtilen
arastirmaci tarafindan yapildi. Bu calismayi istedigim zaman ve herhangi bir neden
belirtmek zorunda kalmadan birakabilecegimi ve biraktigim takdirde herhangi bir
olumsuzluk ile karsilagmayacagimi anladim.

Bu kosullarda s6z konusu arastirmaya kendi istegimle, hi¢cbir baski ve zorlama
olmaksizin katilmay1 kabul ediyorum.

Goniilliiniin Ad1/Soyad1 /Imzas1 /Tarih

Aciklama Yapan Kisinin Adi/Soyadi /imzasi /Tarih
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8.2. Appendix 2 Ethical Committee Approval

T.C. YEDITEPE UNIVERSITESE

Say1 :  37068608-6100-15- 1609 14/02/2019
Konu: Klinik Arastirmalar
Etik kurul Bagvurusu hk.

Ilgili Makama (Ayga Yagcioglu)

Yeditepe Universitesi Saglik Bilimleri Fakiiltesi Fizyoterapi ve Rehabilitasyon Boliimii Prof.
Dr. Feryal Subagi’mn sorumlu oldugu “Kronik Ayak Bilegi Instabilitesi Olan Sporcularda
Unilateral Denge Egitiminin Bilateral Denge ve Patlayial Giig Uzerine Etkisi” isimli arastirma
projesine ait Klinik Arastirmalar Etik Kurulu (KAEK) Bagvuru Dosyas: ( 1564 kayit Numaral
KAEK Basvuru Dosyas: ), Yeditepe Universitesi Klinik Aragtirmalar Btik Kurulu tarafindan
13.02.2019 tarihli toplantida incelenmisgtir,

Kurul tarafindan yapilan inceleme sonucu, yukaridaki isimi belirtilen ¢alismanin yapiimasimn
etik ve bilimsel agidan uygun olduguna karar verilmistir ( KAEK Karar No: 961 ).

4+

Prof. Dr. Turgay CELIK

Yeditepe Universitesi
Klinik Aragtirmalar Etik Kurulu Bagkam

Yeditepe Universitesi 26 Agustos Yerlesimi, inénu Mahatlesi Kayisdagi Caddesi 34755 Atasehir / Istanbut
T.0216 578 00 00 www.yeditepe.edu.ir F.0216 578 0299
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8.3. Appendix 3 Structured Questionnaire for Patient's Demographic
Characteristics

N

YEDITEPE UNIVERSITESI

Yeditepe Universitesi
Saghk Bilimleri Enstitiisii

Fizyoterapi ve Rehabilitasyon Anabilim Dah

Boliim 1. Demografik Ozellikler Tarth  :.../.....

1) Sporcunun Adi Soyadt: ...............oeeeennls Telefonu:
2) Dogum Tarihi:
3) Cinsiyet: ()Kadm () Erkek
4) Boy uzunlugu (cm):
5) Viicut agirhigi (kg) :
6) Dominant taraf: EI ()sag () sol
Ayak () sag () sol
7) Spor Dali: ........

8) Kag yildir bu sporu yapmaktasmiz? Amator................ Profesyonel.............
9) Yapmakta oldugunuz spor dalinda hangi pozisyonda oynuyorsunuz? .......
10) Herhangi bir siirekli hastaliginiz var mi1? Varsa hangileri?

() Siirekli bir hastaligim yok
( ) Romatizma ( ) Ortopedik hastalik () Norolojik problemler
( ) Travma ( ) Diger...........

11) Herhangi bir ameliyat ge¢irdiniz mi? ( ) Evet........... Belirtiniz () Hayir
12) Hig kaza gegirdiniz mi ? () Evet........ Belirtiniz ( ) Hayrr
13) Son 3 ayda bir sakatlanma ge¢irdiniz mi?

() Evet ( ) Hayrr
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15) Antreman sikligmiz?

( )Haftada 1 kez ( )Haftada 2-3kez ( )Haftada 4-5 kez ( )Her giin

16) Yaptiginiz antreman her seferinde kag dakika siiriiyor?
()30-60 dk ( )60—90dk ( )90 —120dk
17) Haftada ortalama ka¢ mag¢ yapiyorsunuz? ..........
18) Daha once ayak bileginiz burkuldu mu?
() Evet ( ) Hayrr
19) Evet ise, kag defa? .................

20) Daha once ayak bilegi instabilitesi i¢in herhangi bir tedavi gordiintiz mii?

() Evet ( ) Hayir
21) Kronik ayak bilegi instabilitesi ile ilgili egzersiz programi yapiyor musunuz?
() Evet ( ) Hayrr

22) Yapiyorsaniz ne siiredir yapmaktasiniz?............

23) Yapiyorsaniz ne tarz egzersizler yapiyorsunuz?............
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8.4. Appendix 4 Cumberland Ankle Instability Tool

9) Ayak bilegim burkulur gibi
olduktan sonra, ayak bilegim
normale doner.

Neredeyse hemen

SAG | SOL
Higbir zaman
Spor sirasinda
Diiz olmayan zeminde kosarken
1)Ayak bilegim agriyor. Diiz zeminde kosarken
Diiz olmayan zeminde yiiriirken
Diiz zeminde yiiriirken
SAG | SOL
Higbir zaman
2)Ayak bilegimde giivensizlik zggi 222%2 *S‘f;‘ :jf(a
hissediyorum. Giinliik aktiviteler sirasinda ara ara
Giinliik aktiviteler sirasinda sik sik
SAG | SOL
3) Keskin doniisler sirasinda Higbir zaman
ayak bilegimi giivensiz Kosarken ara sira
hissediyorum. Kosarken siklikla
Yiiridiigiimde
SAG | SOL
4)Merdiven inerken ayak ngbl? ot
bilegimi giivensiz hissediyorum Hizli indigimde
* | Bazi durumlarda
Her zaman
SAG | SOL
5) Tek ayak iizerinde Higbir zaman
durdugumda ayak bilegimi Parmak ucunda
giivensiz hissediyorum Normal basarken
SAG | SOL
Higbir zaman
6) Ayak bilegimi gilivensiz Yana sigradigim zaman
hissediyorum [leriye sigradifim zaman
Ziplayip yere diistiigiim zaman
SAG | SOL
e . Higbir zaman
7? Aya}k bilegimi giivensiz Diiz olmayan zeminde kosarken
hissediyorum Di —
iiz olmayan zeminde jog kosusu sirasinda
Diiz olmayan zeminde yiiriirken
Diiz zeminde yiiriirken
SAG | SOL
8) Ayak bilegim burkulur gibi Hemen
oldugunda onu Cogu zaman
engelleyebiliyorum. Bazen
Higbir zaman
Hig boyle bir his yasamadim
SAG | SOL

1 giinden kisa siirede

1-2 giin iginde

2 giinden fazla siirede

Hig boyle bir his yasamadim

TOPLAM
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8.5. Appendix 5 Foot and Ankle Ability Measurement

AYAK VE AYAK BILEGI KULLANILABILIRLIK OLCUSU

Liitfen her soruya geqtifimiz hafiaki durommmmezn en iyl tammlsyan dummm isaredeyiniz. Eger someda sorulan
aktiviteyl ayak ve ya ayak bileg diymdaki bagka bir neden knsithyorsa uypnlanamaz olarak isaretleyiniz.

R T e S T R
Avyakta durmak O O O O O O
Driiz: zeminde yiiramek O O O O O O
Driiz zeminde syakkabinz yoramek O O O O O O
Tokng yukan gkmak O O O O O O
Tokug asaf inmek O O O O O O
Merdiven plkmsk O O O O O O
Merdiven inmek O O O O O O
Driiz olmayan zeminde yirimek O O O O O O
Ealdimmdan inip- kaldmma gkmak O O O O O O
Ciomelme O O O O O O
Ayak parmaklan dzeninde durmak O O O O O O
Yimimeye haglamak O O O O O O
5 dakika va da daha az yiramek O O O O O O
10 dakika kadar yiiriime O O O O O O
15 dakika ve ya daha nzmm yimmek O O O O O O
Ayak veya ayzk bileZi afns: yazimde a3a5idskileri yaparken ne kadsr zoriuk cekiyorsmms?
i
Ev isleri O O O O O O
Gimbik yazam aktiviteler O O O O O O
Kigisal bakim O O O O O O
Hafif-orta dizeyde izler (gyakin durmak, yiirimek) O O O O O O
Afm igler (ime/gekme | nrmanms | t231ma) O O o O O O
Fekrasyonel (eglence ve sosyal) sktiviteler O O O O O O

Eger aysk ve ya ayak bilesi problemi yasamadan onceki dommmmozs 100 posn verseniz hig ayak veya ayak bilegi
hareketi yapamamaya da 0 verseniz, ;u anki dummuza 100 fizerinden kag puan verirsimiz?

.. %al00
Ayak ve ayak bilefi problemi yiminden a3a5udaki aktiviteleri yaparken ne kadar zothik cekiyorsumz"

Mg BB gy, Awnzr YRR ORI
Eoymak O O O O ] O
Ziplamak O O O O ] O
Atlama O O O O O O
Harekete aniden baglzyip durabilme O O O O O O
Makaclams ve yana dofmituln hareketler O O O O ] O
Triig ik seviyeli aktiviteler O O O O ] O
Hormsl tekmiFinizle aktiviteleri yapabilme O O O O O O
Sevdigimiz spom istediziniz kadar yapabilme O | | | O O

Eger ayak ve ya aysk bileg problemi yagamadan onceki sportf durommmuezs 100 puan verseniz, hig ayak ve ya
ayzk bilegi hareketi yapamamaya da 0 verseniz, su anki sportif dormmeza 10 izennden kag pusn verrsimz?
.. %aloo
Genel olarak ;1 ankd fonksiyommmezn na:l degerlendirirsinz?

O Mormal O Mormale Takm O Anormal O Ciddi Anormeal

Gife Fntanie
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8.6. Appendix 6 Balance Error Scoring System Score Card

DENGE HATA SKORLAMA SiSTEMi

AD SOYAD: TARIH:

SKORLAMA (Hatalar) SERT Yiizey YUMUSAK Yiizey

ONCE SONRA ONCE SONRA

Iki Ayak Uzerinde Durus

Tek Ayak Uzerinde Durus

Tandem Durus

BESS TOPLAM:

Denge Hata Skorlama Sistemi - Hata

Cesitleri

1. Elleri iliak krista lizerinden kaldirma

2. Gozleri agma

3. Adim atma, sendeleme veya diisme

4. Kalgay1 >30 derece abdiiksiyona
getirme

5. On ayag1 veya topugu yerden kaldirma

6. Test pozisyonun > 5 sn diginda kalma

BESS, 20 saniyelik testler sirasinda her bir hata

icin bir hata noktasi ekleyerek hesaplanir.

Hangi ayak test edildi: © Sag O Sol

86




8.7. Appendix 7 Sport Performance Tests Score Card

SAHA PERFORMANS TESTLERI

Bacak Boyu Uzunlugu (cm): Sag: Sol:

Y Balance Test

iLK

SON

Yonler (cm) Sag Sol Sag

Sol

Anterior

Posteromedial

Posterolateral

Vertical Jump Test

ILK

SON

Mesafe (cm) Sag Sol Sag

Sol

Figure-of-8 Hop Test

ILK

SON

Siire (sn) Sag Sol Sag

Sol

Side Hop Test

iLK

SON

Siire (sn) Sag Sol Sag

Sol

Stabil Olmayan Ayak Bilegi: O Sag O Sol
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8.8. Appendix 8 Curriculum Vitae

Kisisel Bilgiler

Ad1 Ayca Soyadi Yagcioglu
Dogum Yeri |Malatya Dogum Tarihi |08.12.1992
Uyrugu T.C. TC Kimlik No |43816317238
E-mail ptaycayagcioglu@gmail.com| Tel 0543 280 06 92

Ogrenim Durumu

Derece Alan Mezun Oldugu Kurumun Adi Mei{ulr;llyet
Doktora - - -
Yiiksek Lisans - - -

. Fizyoterapi ve . .
Lisans Rehabilitasyon Yeditepe Universitesi 2016
Lise - Malatya Cumhuriyet Anadolu Lisesi 2010

Bildigi Yabanci Dilleri Yabanci Dil Sinav Notu

87.5

Ingilizce

Is Deneyimi (Sondan gecmise dogru siralayin)

Gorevi Kurum Siire (Yil - Y1)
Lisansiistii Bursiyer Yeditepe Universitesi 2016-2019
Arastirma Gorevlisi Yeditepe Universitesi 2019-Halen

Bilgisayar Bilgisi

Program Kullanma becerisi
Microsoft Office Program Cok iyi
SPSS Iyi

Bilimsel Calismalar
SCI, SSCI, AHCI indekslerine giren dergilerde yayinlanan makaleler

Diger dergilerde yayinlanan makaleler

Uluslararas1 bilimsel toplantilarda sunulan ve bildiri kitabinda (Proceedings) basilan
bildiriler

Journal of Exercise Therapy and Rehabilitation, A Yagcioglu, F Subasi Yoga Egzersizlerinin
Non-spesifik Kas Iskelet Agris1 Uzerine Etkisi, 9. Uluslararasi Spor Fizyoterapistleri Kongresi,
Ankara, 2017

Journal of Exercise Therapy and Rehabilitation, A Yagcioglu, R Kurtulmus, SN Cimen, M
Erdem, M Selami, Kalf Kas1 Uzerine Kinezyoteyp Uygulamasinin Sigrama ve Denge Uzerine
Anlik Etkisi, 9. Uluslararas1 Spor Fizyoterapistleri Kongresi, Ankara, 2017
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European Respiratory Journal, Develi, E., Aytutuldu, G. K., Yagcioglu, A., Pekdas, M. A,
Muammer, R., & Ozdincler, A., The immediate effects of core stabilization exercise on
pulmonary parameters, ERS International Congress, Paris, 2018

Hakemli konferans/sempozyumlarin bildiri kitaplarinda yer alan yayinlar

39. Ulusal Solunum Kongresi, A Yagcioglu, E Develi, GK Aytutuldu, F Subagi, Diizenli
Aerobik Egzersiz Yapan Veya Yoga Egitimi Alan Bireylerin Dinamik Denge Ve Solunum
Parametrelerinin Karsilastirilmasi, Izmir, 2017

7. Egzersiz Fizyolojisi Sempozyumu, B Celbek, A Yagcioglu, S Dinger, M Altan, M Mengi, G
Metin, 15-16 Yas Aras1 Basketbolcularda Farkli Egzersiz Sekillerinin Aerobik Ve Anaerobik
Kapasiteye Etkisi, Eskigehir, 2019

Diger (Gorev Aldigx Projeler/Sertifikalari/Odiilleri)

Fonksiyonel Bantlama Kursu, Acibadem Sports, Istanbul, 2016

Myofasyal Gevsetme Teknikleri, Spor Fizyoterapistleri Dernegi, Ankara, 2016

39. Ulusal Solunum Kongresi, 2017, izmir. Kongre Katilim Bursu.

Solunum Sisteminin Fonksiyonel Degerlendirilmesi, Tiirkiye Solunum Arastirmalari Dernegi,
Izmir, 2017

Agr1, Noroplastisite ve Egzersiz, Fizyodemi, Yeditepe Universitesi, 2019

Kronik Agrida Manuel Terapi ve Egzersiz, Fizyodemi, Yeditepe Universitesi, Istanbul, 2019

Lumbal Bolge Patolojilerinde Tedavi Yéntemleri, Istanbul, 2019
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