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Abstract

Context: Due to the adverse foot positioning taekwondo athletes perform, they
are susceptible to ankle sprains. Initiating a proprioceptive programme as a means
of injury prevention, it has been suggested that it can improve dynamic ankle
balance. Objective: To determine whether dynamic ankle balance can be
improved through a six week proprioception programme in elite taekwondo
athletes. Design: A randomised control and intervention trial. Setting: All means
of testing took place at the Torbay School of Taekwondo. Participants: 20 mixed
gender sample were randomly assigned to a control (n = 10) or experimental (n =
10) group. Base line measure: Data was collected by means of the Star
Excursion Balance Test (SEBT). Results were taken pre and post the six week
block. Intervention: The experimental group took part in a six week
proprioception programme that included progressions throughout. Results:
Posterior (p=0.069), Posterior Lateral (p= 0.889), Lateral (p= 0.100) and Anterior
Lateral (p= 0.921) dependant variables presented no significant interaction
between the ‘group’ and ‘time’ conditions. Anterior Medial (p= 0.035) reach
presented a main effect between the ‘group’ and Anterior (p= 0.000), Medial (p=
0.002) and Posterior Medial (p= 0.000) show significant interaction between the
‘group’ and ‘time’ conditions. The experimental group improved their dynamic
balance on the variables that proved significant, thus supporting the hypothesis.
Conclusions: The effect of the proprioception programme improved dynamic
balance within four reaches of the SEBT protocol. It can be argued that the
limitations of the study affected the outcome of the post scores; therefore they
should be considered to further future research.
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CHAPTER I
INTRODUCTION
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1.0 Introduction

Taekwondo is a martial art that originated from South Korea and has been
renovated from a traditional self-defence and combating skill in Korea to a popular
modern sport across the world (Fong and Gabriel, 2011). Taekwondo is a martial
art based on the foundations of karate. The beginning of competitive karate began
at a Japan championship in 1957, which initiated the noncontact rule and the
athletes not having to wear protective equipment (Moneig, 2011). However, the
Koreans sought to full contact competitions, which influenced the development of
taekwondo from karate. It is clear within research that through elite participation in
martial arts, the athletes are at a great risk of injury within training and competition.
As suggested by Zetaruk, Violan, Zurakowski and Micheli (2005) there is a higher
risk of injury rate within the martial art of taekwondo than karate. This is due to its
high impact of physiological stressors and technical effects upon the athlete
(Casolino, Lupo, Cortis, Chiodo, Minganti et al., 2012). Additionally, taekwondo
appears to be safer for the younger athlete, particularly those performing
recreationally at beginner to intermediate levels (Zetaruk et al., 2005). Within
present research there is an apparent argument between injury incidences within
competition against injuries sustained within training. However a study conducted
by Kazemi, Shearer, Choung, (2005) compared injuries from a competitive and
training environment.
Higher extremity injuries posit as a key injury site for taekwondo artists. Injuries
such as concussion, haematoma’s and phalange fractures indicate that they
occurred within a competitive scenario due to the brutality and severity of the
injuries presented (Ziaee, Rahmani and Rostami, 2010). Correspondingly, a study
conducted Pieter (1996) established that injuries occurring in high impact and full
contact taekwondo, injuries occurring within the high extremity had a larger ratio
than lower extremity. Conversely¸ lower extremity injuries such as ankle sprain is
recognised through research as a common injury sites amongst martial artists,
occurring within competition and training (Bahr and Engebretsen, 2009).
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There is a lack of research of preventive strategies used in taekwondo to reduce
the chances of ankle sprain amongst elite athlete. By producing preventive
strategies, the occurrence of ankle sprain will reduce and decrease the chances of
proprioception and balance being impaired through injury (Verhagen, Van Der
Beek, Twisk, Bouter, Bahr and Mechelen, 2004). As first recognised by
Sherrington (1906), ‘‘Proprioception allows for the sensation of the body
movement and position’’ (Hertel, 2008, p.4.). It has been suggested in research
that the joint proprioceptors are damaged through ankle sprains such as lateral
ligament eversion sprain (Lephart and Fu, 2000). In relation to this, Schaefer and
Sandrey (2012) state that when a lateral ligament sprain occurs, dynamic balance
is impaired as well as damage to the nervous and musculotendinous complex in
the ankle.
Constructing prehabiliation programmes incorporating strengthening of the joint
fibres and proprioceptive activity has been seen to decrease the chances of injury
(Wang, 2011). As suggested by Bressel, Yonker, Kras and Heath (2007) dynamic
balance is the capability to implement an activity or task while the athlete
continues to maintain a stable base of support. There are various procedures that
can be investigated for ankle balance, strength and instability. It has been
suggested within research, that the Star Excursion Balance Test (SEBT) is an
accurate testing procedure for ankle balance (Gribble and Hertel, 2003).
According to researcher Brummit (2012) the SEBT is proving to be a successful
and predictive tool in foretelling injuries. The SEBT protocol is a dynamic ankle
balance test that requires balance on one leg and maximum reach with the
contralateral leg in 8 different directions (Bouillon and Baker, 2011). However,
similar tests such as the Y-balance test can be argued to be more effective and
reliable, due to using an instrumented device (Plisky, Gorman, Butler, Kiesel,
Underwood and Elkins, 2009). Conversely, the Y-balance test is restricted to only
three planes of movement, which lacks sports specificity.
Due to the movements taekwondo athletes perform, the SEBT would be the
appropriate protocol. Taekwondo athletes at elite level have the ability to move
around the ring maintaining dynamic balance whilst performing offence
movements against their competitor (Bridge, Jones and Drust, 2011).
Furthermore, researchers distinguished that proprioception that is incorporated in
3

sport specific training will increase dynamic balance and reduce the risk of injury
rates amongst the athletes (Kemberely, 2001). According to Kim, Stebbins, Chai
and Song (2011), a standardised taekwondo training sessions involves
cardiovascular fitness, flexibility speed and agility. This indicates that there is a
paucity of research that proprioception is included in taekwondo training or in an
athlete’s regime. Through the suggestion of various studies, it is believed that
proprioceptive exercises can improve ankle balance and enhance stability and
strength (Kemberley, 2001). Therefore, a research design can be formulated to
analyse the effect of a proprioception programme on elite taekwondo athletes.
The programme will incorporate skill and sport specific movements whilst
concentrating on initiating exercises that will enhance dynamic ankle balance. In
addition, exercises will be developed to work towards as an intervention of ankle
sprains due to the high incidence of this injury through research. By using the
SEBT protocol, the athlete’s dynamic balance can be measured and recorded
accordingly without the costs of expensive equipment (Gribble et al., 2003). In
addition within the present rationale, the programmes duration will be six weeks.
According to research studies by Mattacola et al., (1997) and Kaminski, Buckley,
Powers, Hubbard and Ortiz, (2002) proprioception programmes lasting a duration
of six weeks or longer all retain positive results.
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CHAPTER II
REVIEW OF LITERATURE
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2.0 Review of Literature

2.1 Taekwondo
Taekwondo is administrated as ‘the art of foot and hand’ (Siana, Borum and
Kryger, 1986). Kicking is the basic principle administrated within taekwondo and
used offensively in competitive situations. Physiological characteristics such as
speed, co-ordination and accuracy are all required of a taekwondo practitioner, to
accomplish and perform the dynamics of the kick and its combinations
successfully (Lystad, Pollard, Graham, 2008). Practised in over 184 countries
worldwide, Taekwondo is deemed to be very popular amongst the general and
sporting population (World Taekwondo Federation, 2009). Introduced as a
demonstration sport in 1988 Korean Olympic Games, the world recognised the
physiological demands and nature of the sport (British Taekwondo Control Board,
2005). Since the Olympic Games in Sydney in 2000, Taekwondo has gained fullmedal status from athletes in participating countries (Kazemi, 2011).
The cycle starts at white belt where beginners are introduced to the wide variety of
skill that taekwondo entails, including basic traditional skills and sparring styles.
Due to careful supervision and little knowledge of fighting skill, beginners are at a
lower risk of injury in training (Vortmittag, Calonje and Briner, 2009). Taekwondo
training is a persistent routine undertaken to enhance the athlete’s competitive
level (Kazemi et al., 2005). Elite athletes are faced with greater physiological
demands as competition and training becomes rigorous, creating higher force
generation through offensive movements, resulting in an elevated risk of lower
extremity injury. This insinuates that elite counterparts are at a large risk of injury
(Kazemi, Chudolinski, Turgeon, Simon, Ho and Coombe, 2009).
2.2 Injury incidence
In accordance to a recent study, injury prevalence and occurrence amongst
Taekwondo practitioners remains a limiting factor in the participation of the sport,
with athletes withstanding lower limb injuries (Ziaee et al., 2010). Yet, previous
6

research within kinetic studies identifies an elevated incidence of higher extremity
injuries to head and neck through kicking techniques (Feehan and Waller, 1995).
This study however, solely records injury incidence amongst body areas in
Taekwondo athletes and fail to underpin specific injuries. Conversely, Kazemi, et
al., (2009) recorded injury incidence in relation to the body area and injuries
sustained. The severity and type of the injury is determined from the environment
the athlete is in. These injuries can occur through bouts of trainings or within a
competitive scenario. Impact injuries primarily occur in competitive environments,
especially sparring. In addition, research findings state that the injuries
experienced by athletes within high contact sparring competition were primarily to
upper extremities, such as haematomas to upper limbs and fractures to phalanges
(Ziaee et al., 2010). Similarly, Pieter (1996) states that within full contact
taekwondo, the head, spine and trunk were the most frequently injured areas at a
range of 8.0-69.0 compared to lower extremity injury ranging at 13.0-70.0.
However this study solely looks at injury from a competitive perspective refraining
from recording injuries occurring in a training environment into account. Whereas,
a study conducted by Kazemi et al., (2005) looks at the athletes pre habits before
competition but also assesses the comparison of injury within training to
competition.
When recognising common injuries in training, preventive strategies can be
formulated. Lower extremity injuries particularly ankle sprains, posit as a frequent
injury site among martial artists. An ankle sprain primarily causes damage to the
lateral ligaments through excessive inversion, specifically the anterior talofibular
ligament (Bahr et al., 2009). As the foot rolls or initially ‘goes over’; the ankle is
forced into plantar flexion disturbing neutral foot alignment (Norris, 2011). Ankle
sprains may occur in a competitive environment or can be executed in training
(Wang, 2011). A contemporary systematically reviewed study of ankle injury
incidence in sports revealed that, martial arts sustained a weighted percentage of
91% of ankle sprains and 8.3% fractures to the ankle which indicates a high
frequency in ankle sprain occurrence (Fong, Hong, Chan, Yung and Chan, 2007).
Furthermore Vormittag et al., (2009) advocate that the occurrence of ankle sprain
is due to extreme inversion resulting in bearing weight on the outer edge of foot,
damaging to lateral ligaments. It is believed that at the occurrence of ankle
7

trauma, proprioception balance and stability are deemed to be impaired
(Verhagen, et al., 2004).
2.3 Proprioception and Balance
‘Proprioception’ was first recognised and introduced by Sherrington in 1906
(Evarts, 1981). It is a reaction the muscle creates in an irregular joint positioning
and movement, resulting in impairment after injury (Baechle and Earle, 2000). It
was initiated to describe the body’s segments positioning and orientation, which
then combining a series of Latin words to produce the expression ‘‘One’s own, the
act of receiving’’ (Lephart et al., 2000). As a subsystem of the somatosensory
system, proprioception processes the feeling of touch, temperature sensation and
pain from musculoskeletal structures (Ogard, 2011). Within joint capsules, muscle
tendons and skin, mechanoreceptors send information via the central nervous
system where joint position sense and muscular response takes place (Ross,
Linens, Wright and Arnold, 2011). It has been suggested that joint proprioceptors
are damaged in the occurrence of injury such as the lateral ligament sprain to the
ankle, due to joint receptor fibres having insignificant tensile strength (Lephart et
al., 2000).
Additionally, the damage to receptors caused by injury will cause joint
deafferentation, diminishing message supply from the central nervous system to
the injured joint to initially disrupt proprioceptive function (Freeman, 1965). It has
been suggested, that proprioceptive deficits can initially be a primary factor in the
occurrence of ankle sprains (Nyska and Mann, 2002). Research suggests that full
weight bearing rehabilitation incorporating proprioceptive exercises can prevent
the chances of re-injury (Wang, 2011). In conjunction with this, Bahr et al., (2009)
states that neuromuscular training incorporating proprioceptive rehabilitation
exercises is thought to improve and strengthen the reflexes of the ankle and its
overall proprioceptors at the joint.
Inhibited by the proprioceptive and central nervous system, balance allows the
body to have postural stability in relation to the surroundings (Fatma, Kaya,
Baltaci, Taskin and Erkmen, 2010). Dynamic balance is described to be; the ability
for an athlete to perform a task while continuing to maintain a stable base of
support (Bressel et al., 2007). Research findings suggest that, developing balance
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in specific joints and co-ordinated postural control exercises are generally
urbanized through proprioceptive intervention programmes (Kemberley, 2001).
Relative to this, a study conducted by Mattacola et al., (1997) reported that a six
week proprioception programme can initially improve dynamic balance in
conjunction with using equipment such as a single plane balance board protocol.
However, changes occurred right the way through the programme within a
particular exercise, which differed from each participant; thus hindering the
reliability and consistency of the findings. Conversely, balance was improved
overall. Repeating these measures in a controlled manner with each participant
within future research, may increase the validity of the results.
Although the results within Mattacola et al., (1997) study presented diminutive
validity, a wide range of proprioceptive exercises could have been introduced to
increase the difference between pre and post programme test scores. This issue
was initiated by Lephart, Pincivero, Giraldo and Fu (1997). The researchers
applied exercises which redevelop altered cortical pathways and equipment such
as trampets and wobble boards were utilized. Norris (2011) states that eliminating
visual input by blindfolding the athlete whilst on a balance board, is known to be
effective at improving proprioception at the ankle. ‘‘Visual input is one of the most
important aspects in proprioception’’ (Ergen and Ulkar, 2008, p.197). When the
ankle is on an unstable surface, for instance a wobble board or a compliant foam
surface, balance will be considerably diminished with the athletes eyes closed
(Bernier and Perrin, 1998). Furthermore, a study conducted by Holm, Fosdahl,
Aarsland, Fris, Risberg, Myklebust and Steen (2004) addressed the effect of
neuromuscular training on proprioception and balance in the ankle, with female
handball athletes. The results presented significant findings which gives a clear
indication that using balance board and wobble board exercises as part of an
intervention programme, dynamic balance and proprioception can be improved.
2.4 Testing for ankle balance
Numerous studies have explored for ankle instability, balance and proprioception.
Researchers propose that a precise and correct testing procedure for dynamic
ankle balance is the Star Excursion Balance Test (SEBT) (Gribble et al.,
2003).The purpose for the SEBT protocol is to recognise neuromuscular function
9

as well as identifying the effectiveness of preventive measures such as
prehabilitation programmes including proprioceptive exercises. This test measures
the length the individual can reach with their contralateral foot along each 45
degree increment, without initially disrupting their balance. However, researchers
Plisky et al., (2009) advocate that the Y – balance test increases reliability of the
standardized SEBT as it is applied with an instrumented device to increase the
efficacy of the measurements. In opposition, Hosseinimehr and Norasteh (2010)
conducted a study employing the SEBT to assess postural control in leg
proprioception. The findings within this study presented significance between pre
and post testing. Additionally, researchers noted that proprioceptive exercises
incorporated in sport specific training will enhance dynamic balance and reduce
the risk of injury rates. In relevant research, it has been portrayed that Taekwondo
training involves aspects of skeletal muscle fitness and flexibility, cardiovascular,
speed and agility (Kim et al., 2011). This gives an indication that there is a lack of
research that proprioceptive exercises are included in Taekwondo training regime.
A study conducted by Yen and Fu (2008) looked at dynamic ankle balance
comparing the scores amongst participants with the SEBT protocol and force plate
measurements. All participants taking part had significant ankle instability.
Participants performed a vertical jump on the force plate and were instructed to
land on one foot, then repeat the protocol on the contralateral leg. All participants
then performed the SEBT protocol in three directions anterior, posterior and
medial. Scores presented for the SEBT protocol showed no significant difference
between unstable and healthy ankles joints amongst all athletes. Although the
protocol was controlled for every participant, the validity of the results could be
improved in future research by changing the protocol to eight reaching directions
instead of three (Gribble et al., 2003)
Fatma et al., (2010) carried out a study that scrutinized the effect of an eight week
proprioception programme on postural control amongst taekwondo practitioners.
The overall sample number consisted of 42 participants in total, who were then
distributed into either a control group or a training group. Within this study a
Biodex Control System was initiated as means of baseline measure. The findings
presented that there was a significant interaction between pre and post results
undertaken by the training group; thus gives a clear indication that postural control
10

improved amongst the athletes who completed the eight week proprioception
programme. However, the sample was uneven in the number of participants with
26 in the training group and 16 in the control group. In addition, the exercises
conducted within the programme lacked in sport specific elements for the sample
type undertaken within the study, therefore this provides a rationale for future
research. Other previous research has used the Biodex Control System but
distinctively implemented it as part of a balance programme incorporating sport
specific drills (Malliou, Gioftsidou, Pafis, Beneka and Godolias, 2004).The athletes
in this study had to remain balanced as they returned headers. Although the
Biodex Control System is a reliable measure of dynamic balance, the protocol
does not consider movement patterns, which limits the test to being sport specific.
The Romberg Test is a commonly used protocol to test postural sway and
proprioception of the lower extremity. The subject assumes a position of single leg
standing with their eyes open and arms rested by their sides. If the subject is able
to maintain dynamic balance for 5-10 seconds, the athlete will be instructed to
close their eyes (Norris, 2011). Modified variations of the Romberg protocol using
force plates according to research, increases validity and the reliability of the
results, as postural sway can be recorded by an appropriate instrumented device
(Olmsted, Carcia, Hertel, Shultz, 2002). However, due to the cost of equipment
and its lack in sport specific aspects, the SEBT protocol would be an appropriate
test for taekwondo athletes. The SEBT protocol requires athletic tape and a tape
measure, which will be more appropriate to access in comparison to a force plate.
The Y- balance test has been reported as being a systematic, reliable and efficient
instrumented measure. However, the directional movement protocol is limited to
anterior and posterior movements, which restricts the sport specificity of the test.
Bridge et al., (2011) states that advanced Taekwondo athletes have the ability to
maintain dynamic balance whilst in a competitive state in the dimensions of the
ring. In addition, taekwondo practitioners have the capability of maintaining
stability through kicking and turning at high speeds (Fong, Cheung, Yan, Chiu,
Lam and Tsang, 2012). Due to the movements Taekwondo athletes perform within
their sport the SEBT is the appropriate protocol to test ankle balance due to the
movement patterns presented in the test.
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2.5 Rationale
There is an apparent gap in current literature in relation to why proprioceptive
exercises are not included into a training regime of a taekwondo practitioner.
Research will argue that taekwondo athletes will in some cases incorporate
balance and proprioception in their general training through stances and kick
holds where they must uphold dynamic balance (Lystad et al., 2008). It has been
suggested through studies that proprioception training can enhance ankle stability
and balance, both of which are predisposing factors of ankle sprain (Kermeley,
2001). As a result, a research study can be devised by analysing the effect of a
proprioception programme on dynamic ankle balance in elite taekwondo athletes.
The programme will incorporate balance exercises and will work as an intervention
towards preventing ankle sprains, due to the common occurrence in taekwondo as
suggested by researchers. Equipment applied within the proposed research such
as wobble boards and a trampet will contribute to the improvement of the
participant’s motor skills, proprioceptive ability and ankle stability (Lephart et al.,
1997). Research studies investigating dynamic ankle balance and proprioception
which have used exercise programmes of six weeks or longer in duration have all
presented positive results (Mattacola, et al., 1997; Kaminski et al., 2002). As part
of the present rationale, a six week programme will be utilized for the proposed
research. By using an appropriate protocol such as the SEBT, dynamic balance
can be measured safely and effectively without the expense or use of specialised
equipment. The data will be recorded and will be reassessed after the proposed
proprioception programme to distinguish the validity of the research.
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CHAPTER III
METHODOLOGY
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3.0 Methodology
The quantitative study looks at the difference in the data between two groups
within the participant sample. The SEBT is a protocol to monitor the degree of
proprioceptive deficit (Norris, 2011). The participants individually completed the
protocol under supervision of the researcher. Each participant touched a total of
eight increments that were taped to the floor, with the distal end of their foot. In
order for a successful and complete test, the participant had to bring their
contralateral leg back to the centre of the star after each maximal reach from the
increment. After pre testing, 10 of the participants completed a six week
proprioception programme, consisting of one 30 minute session per week. The
group was separated into two sessions to aid the time management of the process
but also improve the reliability of supervision of the exercises. The programme
focused solely on the improvement of proprioception at the ankle. The exercises
included sport specific elements whether it involved variations of technique or
competitive scenarios, which challenged the athletes to incorporate taekwondo
aspects but also gain positive results from the exercise by utilizing the
proprioception system. Following on from the completion of the programme, the
SEBT protocol was executed once more to compare the results from pre testing
results.

3.1 Participants
The study employed 20 healthy participants of mixed genders to make up two
groups, a control and an experimental group. All participants were elite athletes
from red belt to black belt variations and had competed internationally. The age
range of the participants was 18-35, due to a high risk of lower extremity injury
within elite athletes sustained in this age group (Kazemi, 2011). All participants
had to sign consent forms to state their willingness to take part and to know their
rights within the study (Appendix A). Exclusion criteria for the study removed
participants from the study if they had lower extremity injuries within the past 12
months. Participants free from injury were suitable to participate. The participants
14

had to ensure they were able to attend every proprioception session as part of the
programme, failure to do so would reduce reliability of post testing scores.
Furthermore, four participants failed to meet these agreements and decided to
withdraw from the study at their own accord. Therefore, 16 participants were
divided into groups of 8 to continue the study.
3.2 Instrumentation
The test was performed in a Dojo where all the participants train, making it an
easy location for the participants to travel to. The area was cleared of any
obstruction so the test could run without any disruptions in a safe environment.
The space within the area gave plenty of room for the participants to be tested
under the supervision of the researcher. The star with a total of eight increments
was taped on the floor using athletic tape, with each increment being a 45 degree
angle apart from each other. A goniometer was used to measure the angles
between each of the increments to increase the reliability of the test. The diagram
of the designed protocol undertaken for a baseline measure is shown below, in
figure 1. The data collection was done as part of a group instead of individually to
protect each of the participant’s anonymity (Berg and Latin, 2004).

Figure 1. Star Excursion Balance Test (Gribble et al., 2003).
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3.3 Procedure
The protocol was prepared and completed within a quiet environment to avoid
distraction to the participants and researcher. The protocol and the intervention
programme were set in an athletic training facility (Dojo) to put in place a sporting
environment for the athletes. Each participant proceeded with a trial run, before
performing the test on both legs three times, to take an average to increase the
reliability of the scores. Additionally, the distance that the participants achieved
was measured and recorded in inches. A mistrial was defined as the following: (1)
The participant planted the foot on the increment rather than a light touch on the
reach leg to obtain balance (2) The stance leg moved from the centre of the star
(3) the reach leg failed to withdraw back to the centre of the star after each reach.
Once the test had been performed by all of the participants, the control group, as
agreed, returned to their training regimes. Following the test, the other group
began their 30 minute sessions for six weeks. After the six weeks had passed, the
two groups repeated the same protocol.
3.4 Measurements
Due to the significant correlation between SEBT and limb length, each participant
had the length of their anterior superior inferior spine (ASIS) to their lateral
malleolus measured, to normalize the protocol (Gribble et al., 2003)
3.5 Proprioception Programme
The proprioception programme applied to the experimental group had a six week
duration incorporating one 30 minute session each week. The eight participants
separated into two groups for the programme to allow optimal supervision of
exercises. The participants had to ensure they were present 10 minutes before the
session began to allow for a five minute standardised warm-up comprising of a
pulse raiser, static and dynamic stretching. Exercises within the programme
progressed each week incorporating equipment such as wobble boards and
trampets, increasing the repetitions and sets of each exercise and increasing the
sport specificity of the exercises. The proprioception training programme with
progressions and explanations and warm-up stretches is presented in Appendix C.
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3.6 Data Analysis
The pre and post raw data was accumulated on Microsoft Excel to show the
overall mean scores. The data collection from the SEBT protocol was further
analysed the SPSS 20.0 Programme. An independent T-test was used to analyse
pre SEBT scores between the both groups to see if they matched at baseline prior
to the intervention (Appendix B). A two-way mixed model ANOVA was then
interpreted on the eight dependant variables to examine the condition
(experimental and control) and the time (pre and post measures) on the overall
mean scores (Appendix B). This analysis will give a clear insight whether the
effect of the proprioception intervention programme improved ankle balance.
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CHAPTER IV
RESULTS
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4.0 Results
The sample originally consisted of 20 participants of a mixed gender (n = 20) but
four participants failed to meet the inclusion criteria and where therefore withdrawn
from the study. This gave a final sample size of 16 participants (n = 16). The
average age of the control group was 23.75 (sd = 6.58) and the average limb
length (inches) was 28.81 (sd = 3.10). The average age and limb length for the
experimental group was 26.38 (sd = 5.21) and 30.09 (sd = 5.59).

4.1 Homogeneity of variance
The following tests determine whether the condition (control and experimental)
has the same variance within pre scores.

4.1.1 Independent T-test
An independent t-test was used to compare the pre-condition results within the
control and experimental group.

Table 1. Independent T-test to determine the means at baseline between each
dependant variable
Dependant variable
Anterior
Anterior Medial
Medial
Posterior Medial
Posterior
Posterior Lateral
Lateral
Anterior Lateral

F value
1.066
2.140
1.404
0.341
0.658
0.231
2.004
0.561

P value (Sig.)
0.319
0.166
0.256
0.431
0.431
0.639
0.179
0.466

19

t
1.838
0.934
2.228
1.497
-0.139
-0.404
-0.790
-0.355

There was no statistical significant difference between the entire eight dependant
variables between the two groups in pre testing scores (p= 0.05). These results
conclude that the groups are significantly matched at baseline.
4.2 Anterior
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Figure 2. Anterior dependant variable composite results expressed as means

The means of the pre results of the control group was (29.87) and the mean post
scores was (28.79). The means of the pre results of the experimental group was
(27.09) and the mean post scores was (30.18). This shows that the control group
scored higher on pre scores as opposed to the experimental group in the anterior
reach of the SEBT. However, the experimental group scored a higher mean of
scores as opposed to the control group.
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4.2.1 Two way mixed model ANOVA results

Table 2. Tests of within-subjects effects of the anterior variable

F value

P value (sig.)

Time

6.302

0.025*

Group*time

27.078

0.000*

(* P < 0.05 – Sig. value)

There was a significant main effect in ‘time’ condition on the effect of the anterior
results (f = 0.025, p = 0.025) There was also a significant interaction between the
‘group’ and ‘time’ on the anterior SEBT reach results. (f = 27.078 p = 0.000
<0.005). It is evident that there was a significant difference between pre and post
scores of the experimental group as opposed to the control group.
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4.3 Anterior medial
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Figure 3. Anterior medial dependant variable composite results expressed as
means

The means of the pre results of the control group was (28.77) and the mean post
scores was (29.07). The means of the pre results of the experimental group was
(28.41) and the mean post scores was (30.95). This shows that the control group
scored higher on pre scores as opposed to the experimental group in the anterior
medial reach of the SEBT. Both groups had a higher increase in mean in post
scores. However, the experimental group scored a higher mean of scores as
opposed to the control group.
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4.3.1 Two way mixed model ANOVA results

Table 3. Tests of within-subjects effects of the anterior medial variable

F value

P value (sig.)

Time

5.439

0.035*

Group*time

3.380

0.087

(* P < 0.05 – Sig. value)

There was a significant main effect in ‘time’ condition on the reach scores of the
anterior medial variable (f = 5.439 p= 0.035). There was no significant interaction
between the conditions ‘group’ and ‘time’ on the anterior medial scores (f = 3.380
p = 0.087). However, there is in trend in improvement between pre and post score
within experimental group.

23

4.4 Medial
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Figure 4. Medial dependant variable composite results expressed as means

The means of the pre results of the control group was (32.16) and the mean post
scores was (30.61). The means of the pre results of the experimental group was
(27.65) and the mean post scores was (32.07). This shows that the control group
scored higher on pre and post scores as opposed to the experimental group in the
medial reach of the SEBT.
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4.4.1 Two way mixed model ANOVA results

Table 4. Tests of within-subjects effects of the medial variable
F value

P value (sig.)

Time

3.493

0.083

Group*time

15.051

0.002*

(* P < 0.05 – Sig. value)

There was no main effect in the ‘time’ condition of the medial results (f = 3.493, p
= 0.083) There was a significant interaction between the ‘group’ and ‘time’ on the
medial SEBT reach results. (f = 15.051 p = 0.002). This shows that there was a
significant difference between pre and post scores of the experimental group as
opposed to the control group.
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4.5 Posterior Medial
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Figure 5. Posterior medial dependant variable composite expressed as means

The means of the pre results of the control group was (31.98) and the mean post
scores was (29.81). The means of the pre results of the experimental group was
(29.02) and the mean post scores was (32.74). This shows that both groups had
increased post scores compared to pre scores. However, the experimental group
scored a higher mean of scores as opposed to the control group in the posterior
medial reach of the SEBT.
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4.5.1 Two way mixed model ANOVA results

Table 5. Tests of within-subjects effects of the posterior medial variable

F value

P value (sig.)

Time

1.545

0.234

Group*time

22.121

0.000*

(* P < 0.05 – Sig. value)

There was no main effect in the ‘time’ condition of the posterior medial results (f
=1.545, p =0.234) There was a significant interaction between the ‘group’ and
‘time’ on the posterior medial SEBT reach results. (f = 22.121 p = 0.000). There
was a significant difference between pre and post scores of the experimental
group as opposed to the control group.
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4.6 Posterior
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Figure 6. Posterior dependant variable composite expressed as means

The means of the pre results of the control group was (30.67) and the mean post
scores was (30.67). The means of the pre results of the experimental group was
(31.05) and the mean post scores was (32.79). The scores within the control
group show no improvement in scores from pre to post. However, the
experimental group scored a higher mean of scores as opposed to the control
group in the posterior reach of the SEBT.
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4.6.1 Two way mixed model ANOVA results

Table 6. Tests of within-subjects effects of the posterior variable

F value

P value (sig.)

Time

3.803

0.071

Group*time

3.869

0.069

(* P < 0.05 – Sig. value)

There was no main effect in the ‘time’ condition of the posterior results (f =3.803, p
=0.071) There was no significant difference between the interaction of ‘group’ and
‘time’ on the posterior SEBT reach results. (f = 3.869 p = 0.069). However, there
is in trend in improvement between pre and post score within experimental group.
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4.7 Posterior Lateral
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Figure 7. Posterior Lateral dependant variable composite expressed as means

The means of the pre results of the control group was (29.67) and the mean post
scores was (28.99). The means of the pre results of the experimental group was
(30.15) and the mean post scores was (29.92). This shows that both groups did
not increase post scores compared to pre results for the posterior lateral reach of
the SEBT.

30

4.7.1 Two way mixed model ANOVA results

Table 7. Tests of within-subjects effects of the posterior lateral variable

F value

P value (sig.)

Time

0.533

0.477

Group*time

0.020

0.889

(* P < 0.05 – Sig. value)

There was no main effect in the ‘time’ condition of the posterior lateral results (f
=0.533 p =0.477) There was no significant difference between the interaction of
‘group’ and ‘time’ on the posterior SEBT reach results. (f =0.020 p = 0.889).
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4.8 Lateral
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Figure 8. Lateral dependant variable composite expressed as means

The means of the pre results of the control group was (26.05) and the mean post
scores was (26.00). The means of the pre results of the experimental group was
(27.96) and the mean post scores was (29.67). This shows that the control group
presented higher scores in pre testing compared to post testing. However, the
experimental group scored a higher mean of scores as opposed to the control
group in the posterior reach of the SEBT.
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4.8.1 Two way mixed model ANOVA results

Table 8. Tests of within-subjects effects of the lateral variable

F value

P value (sig.)

Time

2.781

0.118

Group*time

3.098

0.100

(* P < 0.05 – Sig. value)

There was no significant differences in the ‘time’ condition on the effect of the
posterior lateral results (f =2.781 p =0.118) There was no significant difference
between the interaction of ‘group’ and ‘time’ on the posterior SEBT reach results.
(f =3.098 p = 0.100). However, there is in trend in improvement between pre and
post score within experimental group.
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4.9 Anterior Lateral
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Figure 9. Anterior Lateral dependant variable composite expressed as means

The means of the pre results of the control group was (26.96) and the mean post
scores was (26.33). The means of the pre results of the experimental group was
(27.45) and the mean post scores was (27.37). Both groups presented higher
means of results within pre testing compared to post testing in the anterior lateral
reach of SEBT.
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4.9.1 Two way mixed model ANOVA results

Table 9. Tests of within-subjects effects of the anterior lateral variable

F value

P value (sig.)

Time

0.032

0.860

Group*time

0.010

0.921

(* P < 0.05 – Sig. value)

There was no significant differences in the ‘time’ condition on the effect of the
posterior lateral results (f =0.032 p =0.860) There was no significant difference
between the interaction of ‘group’ and ‘time’ on the posterior SEBT reach results.
(f =0.010 p = 0.921).
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CHAPTER V
DISCUSSION

36

5.0 Discussion
Ankle injuries are considered to be a common injury amongst the sporting and
general population (Fong, et al., 2007). The consequences of ankle sprains
include deteriorated proprioceptive capability, on-going chronic instability and
possible re-occurrence of injury (Raymond, Nicholson, Hiller and Refshauge,
2012). Copious amounts of research suggest that preventive strategies are
imperative to reduce the risk of ankle sprain (Stasinopoulos, 2004; Verhagen and
Bay, 2010). These include prophylactic measures such as ankle taping and
bracing. Methods of taping has been suggested to minimize the occurrence of
ankle sprains in martial arts particularly Taekwondo, as ankle sprains posit as an
injury common amongst these athletes (Burke, 1981; Barua and Roosen, 2005).
However such means of this type of prevention can be deemed as expensive and
time consuming as suggested by researchers Callaghan (1997) and Olmstead,
Vela, Denegar and Hertel, (2004). Consequently, proprioceptive training is used
comprehensively as a preventive measure against ankle sprains, as its method of
training stimulates multiple planes of ankle movement. However there is a gap in
research that explains why taekwondo athletes fail to apprehend proprioception
and balance activity as means of injury prevention. Taking all these factors into
consideration, it led to research the effect of a six week proprioception programme
and its effect on dynamic ankle balance within elite taekwondo athletes. Within this
section, the main findings of the given research is analysed in comparison with
previous studies. Additionally, overall strengths and limitations of the study are
addressed followed by inspired future research.

5.1 Theoretical Implications
5.1.1 Main findings
The findings of the current investigation suggest that several SEBT reaches
showed no significant interaction between pre and post scores, it has been
suggested that the six week proprioception programme did not improve overall
dynamic ankle balance within the intervention group. The Posterior (p=0.069)
Posterior Lateral (p=0.889) Lateral (p=0.100) and Anterior Lateral (p=0.921)
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reaches of the SEBT did not present any significant interaction between the
‘group’ and ‘time’ conditions, which testifies that there was no significant statistical
difference between pre and post scores. However, there was a trend in
improvement in pre and post scores within the intervention group as opposed to
the control group. In spite of this the results show that, Anterior medial (p=0.002)
presented a main effect between the ‘group’ which clarifies that there was a
distinct improvement from pre to post scores within both control and experimental
group. The remaining dependant variables, Anterior (p=0.000), Medial (p=0.002)
and Posterior Medial (p=0.000) show significant interaction between the ‘group’
and ‘time’ conditions. Consequently, the dependant variables that indicate
significant improvement between pre and post testing scores in the experimental
group support the given hypothesis, that dynamic ankle balance was improved.
The present findings for the investigation display a range of significance of the
eight variables which can be subject to influencing factors of the study.

5.1.2 Comparing the results
The results of the given investigation correspond with the similar findings found by
Leavey, Sandrey and Dahmer, (2010) where the researchers conducted a SEBT
as a means of testing the comparative effects of dynamic balance, gluteus medius
strength and postural control within a combined six week programme. The results
show that posterior medial, posterior and posterior lateral had significant
interaction between pre and post scores within the intervention group as opposed
to the control group. Leavey et al., (2010) suggest that the reaches within
posterior directions were the easiest and undemanding reaches to perform. This
harmonises the significant post results of the posterior medial reach; however it is
conflicted against posterior and posterior lateral reaches as they did not show any
significant interaction between pre and post scores within the experimental group.
The intervention programme was comparable to the current study with the
purpose of proprioception exercises; however gluteus medius exercises were
included as they suggested, gluteus medius strength impacts on postural control.
This is dissimilar to the current study, which aims to address the effect of a
proprioception intervention on dynamic ankle balance.
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In spite of this, a study conducted by Valovich McLeod, Armstrong, Miller and
Sauers (2009) investigated the effect of a six week neuromuscular training
programme on dynamic balance in basketball athletes. The findings show that
anterior medial, medial and posterior presented significant interaction between the
group x time (<0.05). The intervention similar to the current study incorporated
balance and proprioception but contradictory to the current investigation it also
included plyometrics, aspects of agility and strengthening exercises. However, the
additional implementation of training can determine the significance within the post
scores, therefore it can be justified that if further training modalities i.e. plyometric
exercises, had been incorporated into the intervention, there may have been an
increased improvement in post scores.
Researchers Fitzgerald, Trakarnratanakul, Smyth and Caulfield (2010) conducted
a study by looking at the effect of a wobble board training programme on dynamic
postural ability by using the means of the SEBT protocol as a baseline measure.
The study comprised of 22 healthy participants and randomly assigned to a control
and intervention group, similar to the current investigation. The results show that
both control and intervention group, demonstrate a significant improvement in pre
to post scores within both groups for the posterior medial and posterior lateral
directional reach (p= < 0.008). This indicates that the participants solely improved
within the posterior direction which is dissimilar to the current investigation where
participants improved in the posterior medial direction but also anterior and medial
reaches. This could be due to participants not performing a given warm up to
increase the range of movement, due to the noticeable importance of hip and
knee flexion for reach distance and to achieve performance stability (Robinson,
Phillip and Gribble, 2008). This can concur as to why the participants within the
present investigation did not significantly improve dynamic balance performance
over the entire eight reach directions, due to implicating factors such as
inadequate range of movement. In addition, Hertel, Braham and Hale OlmstedKramer (2006) state that testing the anterior medial, medial and posterior medial
reach directions for the SEBT; will give an indication of greater sensitivity and
susceptibility to functional deficiencies within chronic ankle instability. This
supports the findings of the current studies that anterior medial, medial and
posterior medial SEBT reaches significantly improved from pre to post scores,
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thus insinuates that the participants did not present any ankle instability but
improved dynamic ankle balance.
There is a plethora of research that conducts SEBT as means of a baseline
measure. The current study looked at the performance over eight reaches of the
SEBT, however previous research utilise modified and altered means of the
SEBT. It has been suggested that the reaches should be minimised down to
three reach directions (posterior medial, anterior and posterior lateral) due to time
consumption and variance presented across participants for the eight reach
directions (Coughlan, Fullam, Delahunt, Gissane and Caulfield, 2012). However,
the participants within the given study did not show variance post scoring of the
SEBT as significant improvement was only perceived within four out of the eight
directional reaches. In addition, the eight incremented directional reaches were all
evaluated to initiate multi directional movements for the given study, as its sport
specific suitability is appropriate for taekwondo athletes as opposed to the Ybalance test and modified SEBT.
The SEBT was used within the given investigation as a baseline measure to
assess dynamic ankle balance in elite taekwondo athletes. As suggested by
Hertel et al., (2006) participants should demonstrate six trials on each directional
movement so that the earliest trial of the movement is recorded it will not convey
the true outcome of the SEBT performance. As opposed to this, within the current
study, the participants were notified to perform three times on each leg, thus
suggesting inaccurate results. However Couglan et al., (2012) conducted three
trials in concurrence to the present study for the SEBT protocol. In spite of this,
three trials were initiated for the Y-balance and modified SEBT which assessed
three directional planes of movement. It can be argued that three trials are only
needed for Couglan et al., (2012) study, due to the simple three movement
patterns as opposed to the eight multidirectional reaches that the SEBT requires.
However, Munro and Herrington (2010) state that maximum normalised excursion
distance scores are stable following four trials, thus it can be considered to
simplify to four trials as opposed to six trials as subsequently recommended by
Hertel et al., (2006). Therefore it can be justified that within future research,
participants should be required to perform adequate trials before recording results
to decrease the learning effect, as this may hinder the reliability of the results.
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5.1.3 Level of training
The level of training in balance and proprioception amongst the participants can
be seen as a contributing factor as to why limited significance was shown within
post results. Taekwondo athletes are obligated to be proficient in a number of
physical skills as part of their sport. Although there is limited research as to why
taekwondo practitioners fail to include proprioception exercises within their training
schedules and classes, it has been suggested that balance is trained through
techniques such as single leg holding stances and various kicking combinations
(Fong et al., 2012). This statement is supported by findings from Leong and Tsang
(2011) who stated that taekwondo practitioners have enhanced balance ability as
opposed to their sedentary counter parts within the study. The SEBT requires
maintaining a base of support without comprising their balance through the
movements of the test (Gribble et al., 2003).
It can be valued that the SEBT movement patterns are somewhat mimicked within
movement styles in taekwondo, which can argue the participants advantageous
capability as opposed to individuals who are not recreationally active. The level of
training amongst the participants suggests why the all of the SEBT reaches were
not significantly improved pre to post testing, due to the athletes having proficient
skill in balance. In addition, the level of balance and proprioceptive ability can be
argued to have an impact on the results. Using recreational level athletes or nonsporting individuals for future research, can perhaps produce different results.
However, an independent t-test was devised between the control and
experimental group to assess any differences in scores at baseline. Therefore,
any differences within scores in pre testing were not determined by the level of
skill between the groups.
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5.1.4 Compliance to the study
The compliance to the study should be adhered and distinguished when
interpreting the experimental group’s results. Each participant within the
experimental group failed to attend 100% of the sessions within the programme,
jeopardising the effect of the potential to improve proprioceptive capability and
dynamic ankle balance. The participants failed to attend an approximated average
of one session per individual. However, significant improvements within post
scores can imply that several participants attended sessions of the final stages of
the programme where the progressions initiate and maximise proprioceptive
activity. Conversely, participants that failed to attend sessions that began with
basic principles of an exercise but attended a session that comprised of
progressions, the participants may have been compromised by not learning the
foundations of the skill. The impact of poor attendance on the behalf of the
participants reflected on the post scores of the experimental group.
Although there was a significant improvement on three of the SEBT reaches
(anterior, medial and posterior medial) a higher compliance to the study could
have improved the entire range of post scores amongst the participants. This is
supported by researchers Hupperets, Verhagen and Mechelen (2009) who stated
that, although the investigation in the prevention of ankle sprain re-occurrence
deemed significant, an increase in compliance within the programme could have
pronounced significant differences within the groups (control and intervention).
For future research, exclusion criteria should be included within the study to
ensure the attendance of the participants does not interfere or affect the outcome
of the results. This is supported by Valovich McLeod et al., (2009) who excluded
participants from post testing if they didn’t attend a minimum of 50% of the entire
sessions.

5.2 Previous Literature
5.2.1 Duration of the programme
The length of the programme for the current investigation of six weeks was chosen
on the evidence assumed in research on the improvement of ankle balance,
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proprioception, and the means of the programme being perceived as a suitable
modality for the prevention of ankle sprains. Hupperets et al., (2009) and Valovich
McLeod et al., (2009) validated, that six week programmes significantly improved
proprioception and balance amongst the healthy participants. However it can be
argued within the current study, that between the control and intervention group
no statistical significance presented in results, due to the proposed length of the
programme. This concept is reinforced from findings of Lee and Lin (2009) they
discovered that a 12 week proprioception programme significantly developed and
improved ankle instability. In concurrence with these findings, researchers Fatma
et al., (2010) detected that a proprioception programme with a duration of eight
weeks, improved overall postural control in the taekwondo athletes. However, this
study is diverse to the study as they tested for postural control on a Biodex system
while the present investigation tested for dynamic ankle balance using the SEBT
protocol as a baseline measure.
Conversely, studies with as little intervention as four weeks have deemed
successful. This is supported by Mattacola et al., (1997) and Clark and Burden,
(2005) that programmes with the duration of four and five produced effective and
improved results. Furthermore a six week programme was chosen for the present
study due vast amounts of research presenting significant results (Holm, et al.,
2010; Mattacola et al., 1997; Hupperets et al., 2009; Valovich McLeod et al.,
2009). However, it can be disputed that the length of the proposed programme
was too short to present a vast significance in the improvement of dynamic ankle
balance amongst the participants within the experimental group.
Due to the participants demanding training schedule, they only attended one 30
minute exercise session for six consecutive weeks as several sessions within
each week deemed impractical. However, other studies included two sessions a
week (Verhagen, Bobbert, Inklaar, Kalken, Beek, Bouter and Mechelen, 2005;
Valovich Mcleod, et al., 2009; Malliou, et al., 2004). The ability of having two
sessions a week is suggested to increase the reliability and validity of the
progressions of each of the exercises. On the other hand, the interpretation of one
session per week is considered appropriate and supported by Eils and
Rosenbaum (2001).
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5.2.2 Content of the programme
Lower extremity exercises were employed and manipulated within this study to
stimulate neuromuscular sense amongst the athletes (Baechle et al., 2000). The
content of the programme was modified and constructed specifically to the
athletes, through previous research. The programme in the given study was aimed
to improve proprioceptive acuity and balance amongst the participants within the
experimental group. In addition, the exercises incorporated, aimed to activate
conscious and unconscious motor programming whilst performing lower extremity
exercises integrating dynamic balance (Lephart, Pincervero and Rozzi, 1998).
Additionally, static and dynamic balance is intended to improve through exercises
due to being formative elements in the prevention of ankle sprain (Kemberley,
2001). Progressions made for each exercise aimed to stress motor control and
improve neuromuscular ability (Valvovich Mcleod, et al., 2009).
Utilizing equipment such as wobble boards, trampets and balance disks aims to
redevelop cortical pathways and improve overall ankle balance and proprioception
(Lephart et al., 1997). In studies that utilised additional training modalities (i.e
balance equipment) there has been significant improvement amongst the
participants. Conversely, a study conducted by Mattacola et al., (1997)
incorporated exercises on a single plane balance board within the intervention and
findings presented increased postural control. However, other studies suggest that
incorporating and utilizing a range of proprioceptive exercises and equipment will
increase motor control and improve and redevelop cortical pathways (Lephart et
al., 1997).
Taking this into consideration the exercises involving equipment (trampets, wobble
board and balance disks) were progressed each week challenging the
participants. Due to familiarisation of the techniques adhered on the equipment;
the progressions included diminishing sensory inputs such as visual and vestibular
due to the participants relying on these systems within the exercises. When visual
input is impaired, the ability to balance can be deemed as challenging (Ergen et
al., 2008; Norris, 2011). A study conducted by, Chong, Ambrose, Carzoli,
Harbison and Jacobson (2001) stated, due to the nervous system utilizing a
variety of sensory systems through proprioceptive activity, participants failed to
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improve ankle dynamic balance on certain exercises due to the reliance of visual
systems. In spite of this, other research indicates that eradicating visual sensory
input whilst on trampets and wobbles boards, proprioception at the ankle joint
improves (Bernier et al., 1998; Verhagen et al., 2004).
The content of the programme was designed specifically for the participants to
their sport. As stated by Gioftsidou and Malliou (2006) it is imperative that
proprioceptive and balance programmes ought to be adjusted and particularised
to the athletes sport. Within the present study elite athletes were selected due to
research suggesting, the vast susceptibility to ankle sprains taekwondo athletes
have due to the nature of the sport and level of participation (Wang, 2011).
Therefore, exercises within the programme were adapted to their level of skill as
opposed to participants that are not physically active within the general population.
In addition, findings from a study by Eils, Schroter, Gerss and Rosenbaum (2010)
conducted on elite male and female basketball athletes within a six week
programme can indicate similarities in results, between the elite taekwondo
participants in the current investigation, due to the similar demanding exercises
prescribed within the study. However, the programme within the Eils et al., (2010)
initiated a multi station programme which was incorporated into the basket baller’s
regular training, whilst this current study investigated step by step exercises with
constructive progressions. The study also assessed for ankle injury occurrence,
whereas the present investigation looks to see if the proprioception programme
has an effect on dynamic ankle balance. The exercises within the programme
each had taekwondo specific progression elements, challenging the participants at
sport skill level but also balance and proprioceptive capability was challenged.

5.3 Limitations
5.3.1 Sample size
The number of participants within this investigation (n=16) is considered to be a
comparatively small sample as opposed to studies in previous research. Previous
studies have used vast sample of participants such as Verghaen et al., (2004)
study (n= 1127). In addition, studies using larger samples, identify significant
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improvement in results (McGuine et al., 2006; Panics et al., 2008; Lust, Sandrey,
Bulger and Wilder, 2009; Eils et al., 2010). Furthermore, a larger sample should
be used for future research to increase reliability of the results and increase the
variance of differences in post scores.
5.3.2 Gender
The gender within the sample was mixed within the control and experimental
group. It can be argued that gender differences can influence the results. This is
supported by a study conducted by Gribble et al., (2003), that show there are
significant differences between men and women in a range of dynamic and
functional measures. The findings of Gribble et al., (2003) study state, that
reaching distances were significantly higher for male participants as opposed to
female reach scores. Therefore, for future research, the sample should be equal
genders to be distributed over control and intervention group. In addition, male
and female scores can be compared and analysed within future research due to
the influence it can initiate on the results as previously mentioned.
5.3.3 Injury prevention
Although the results of the current investigation showed a significant improvement
of four out of the eight directional reaches pre to post testing, it is indistinguishable
that the six week proprioception programme can prevent ankle injuries.
Proprioceptive exercises is intended to prevent the means of ankle injury by
strengthening reflexes of the ankle, mechanoreceptors and surrounding muscles
and connective tissue (Bahr et al., 2009). This is supported by a study conducted
by Mandelbaum, Silvers, Watanbe, Knarr, Thomas, Griffin and Garrett (2005)
which findings present that proprioceptive training with a duration of two football
seasons resulted in 88 (74%) fewer ACL and lateral ligament ankle injuries when
compared with athletes within the control group. Future research within this study
should be deliberated in conducting a surveillance reporting system, which records
injury incidence and its severity for each participant through the duration of the
programme. A reliable surveillance system successfully used within research is
the Injury Surveillance System (ISS) (Pieter, Fife and O’Sullivan, 2012). However
this must be integrated over longer duration and a larger sample, therefore this
has to be further researched.
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5.4 Strengths

5.4.1 Sample type
Previous research has used previously injured participants with a history of ankle
sprain or chronic instability (Bernier et al., 1997; Eils et al., 2001; Stasniopoulos,
2004; Schafer et al., 2012). The current study uses healthy participants with no
history of ankle sprains. In addition, the use of proprioception programmes with a
sample with no history of ankle instability or other concurring injuries is widely un
researched, thus provides a rationale for the current study. It has been suggested
that using recreational athletes certifies that the results can be generalised due to
the vast occurrence of ankle sprains within general population as well as sporting.
However, the present study used elite taekwondo athletes due to the importance
of dynamic ankle balance placed on the athletes as well as the susceptibility the
athletes for ankle injury, due to the adverse movement positions within competition
and general training (Zetaruk et al., 2005). This is supported by research
conducting studies that employ elite sporting athletes and as a consequence, skill
level of proprioception and balance can be liable for the significant improvement in
the results (Eils et al., 2001).
The age range of the participants was 18-30 due to the insight in previous
research stating that athletes between these ages are more susceptible to ankle
injuries. In addition, it has been suggested that there can be a negative
relationship between SEBT scores and age. This is supported by Bouillon et al.,
2010) who discovered that participants over the age of 60 produced negative
results due to degenerative balance deficits; additionally differences in pre to post
results were found in young to middle aged participants. Furthermore, the
participants in the experimental group within the present study, showed significant
improvement in results between pre and post results thus concluding that the six
week proprioception programme was effective on dynamic ankle balance within
four of the directional reaches of the SEBT.
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5.4.2 Protocol for baseline measure
There are countless studies that have investigated for dynamic balance ability,
postural control and ankle instability. Previous research has identified that the use
of force plates, measures dynamic balance with participants with ankle instability
(Malliou et al., 2004; Yen et al., 2008; Fatma et al., 2010). However the current
study looked to investigate dynamic ankle balance with healthy participants.
Therefore a specific appropriate protocol should be adhered, as suggested by
research. The Y balance test as suggested by Plisky et al., (2009) is an improved
adapted SEBT due its improved reliability of using an instrumented device, a
reach indicator. This allows the researcher to record the measurements effectively
without the miss interpretation of results by human error. However, the Y balance
test only assesses dynamic balance through three planes of movement (Anterior,
Posterior lateral and Posterior medial) which limits the test being specific to
taekwondo athletes. Therefore, due to the multidirectional incremented reaches of
the test, the SEBT was initiated for the present study.
The current study is coherent with that of previous studies that look at the effect of
exercises intervention when using SEBT as a means of a base line measure
(Filipa, Byrnes, Paterno, Myer and Hewett, 2010). Sarshin, Mohammadi and Por
(2011) state that when performing the SEBT, surrounding muscles and the joints
stabilising the lower limb, active and sensitive proprioceptive and neuromuscular
control are vital to remain balanced in single leg stance, whilst performing the
reaches. This also supports the current study, as taekwondo athletes must obtain
balance through various kicking techniques whilst in a single leg stance. However
there is a gap in the research of the use of the SEBT to assess the effect of
dynamic ankle balance after a six week proprioception programme in healthy
participants. Furthermore the findings of this current study can be added within
literature; thus it can be justified that the SEBT is an appropriate baseline measure
for dynamic ankle balance.
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5.4.3 Practical implications
The aim of the current investigation was to assess the effect of a six week
proprioception programme on dynamic ankle balance in elite taekwondo athletes.
In spite of this, it is important to distinguish studies that have analysed
proprioception programmes that reduce the risk of ankle injuries and the use of
proprioception as a means of ‘prehabiliation’ for the prevention and re-occurrence
of lower limb injury. In addition, the findings of the present study show that the
effect of the six week proprioception intervention programme improved dynamic
ankle balance due to the increase in scores in four out of eight reaches of the
SEBT. Therefore the given hypothesis of the study can be assumed. The findings
of the results are in agreement with previous studies Hertel et al., (2006) and
Fitzgerald et al., (2010). As a result of the significant findings, it can be perceived
that the proprioception exercises adhered within the programme permitted the
participants to improve neuromuscular ability, motor control and balance.
However, the findings within the present study did not show significance for all of
the eight directional reaches which can argue whether the proprioception
programme can be used as a means of injury prevention. Nonetheless, the
present study had several strengths and limitations which could have affected the
significance and reliability of the results.

5.5 Future research
The SEBT protocol is a dynamic single limb balance test that examines dynamic
balance (Bressel et al., 2007; Hale, Hertel and Olmstead-Kramer, 2007) and is
also recognised as a predictor of lower extremity injury (Aminaka and Gribble,
2008; Aggarwal, Zutshi, Munjal, Kumar and Sharma, 2010). Future research
should consider substantiating the reliability of the protocol due to previous
researching suggesting altered and improved variations of the SEBT such as the
Y-balance test and force place measurements. But due to the SEBT being cost
effective and equipment and instrumentation was minimalized, it deemed
appropriate for the current study.
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It should be considered that the SEBT protocol may be used alongside the
proprioception programme as a means of training. In addition for future research
exercise intervention such as plyometrics, agility and strengthening of the
surrounding lower extremity can influence a greater significance within the results.
This was proven lucrative for researchers Valovich McLeod et al., (2009) who
discovered that proprioception interventions that included agility, plyometrics and
strengthening improved dynamic balance results between pre and post testing.
The current studies programme had duration of six weeks. While researchers Lee
et al., (2009) and Fatma et al., (2010) used 12 and eight week programmes which
presented significant improvement in scores. Therefore, it should be considered to
construct a proprioception intervention with a longer duration to stimulate a greater
significance in results specifically to the reaches within the SEBT that did not show
any statistical significance in the current research.
The existing study looked to improve dynamic ankle balance through a six week
proprioception programme, with an indication whether it could prevent ankle
injuries. However within the present study, there was no direct analysis whether
the participants were at a reduced risk of injury. Within future research, a record of
injuries occurring throughout the programme should be recorded as a means of a
surveillance system.
To conclude, the six week proprioception programme improved dynamic ankle
balance amongst the athletes within the experimental group; thus can be deemed
as an appropriate intervention to include in taekwondo training. Maintaining a
prolonged programme by incorporating it into a training regime will increase further
performance; furthermore it can also act as means of a ‘prehabilaition’ for the
prevention of ankle sprains. Furthermore, within future research, limitations should
be scrutinised in attempt to reinforce and fortify future studies.
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CHAPTER VI
CONCLUSION
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6.0 Conclusion

The aim of the study was to establish whether a six week proprioception
programme improved ankle balance amongst healthy elite taekwondo athletes. In
addition, the improvement of dynamic ankle balance amongst the athletes can
predict whether the participants are at reduced risk for ankle injury. The baseline
measure used within the current investigation was the Star Excursion Balance
Test (SEBT). The outcome of the results can instigate that proprioceptive training
is imperative within a taekwondo athletes training regime thus decreasing the
chances of ankle sprains, a predisposing injury to the elite athletes.
Ankle injury posits as a common injury amongst athletes and general population
(Fong et al., 2007; Bahr et al., 2009; Norris et al., 2011). Ankle sprains occurring in
taekwondo are common and transpire in competitive environments as well as
training (Wang, 2011). As previously mentioned, by identifying communal injuries,
preventive strategies can be produced. Several prophylactic modalities for the
ankle where used as means of injury prevention such as taping and bracing,
however they deem expensive and it has been suggested that it can decrease
performance in sporting athletes (Baura et al., 2005). Therefore proprioception
programmes have been investigated as a reliable, cost effective method in the
prevention of injury.
The main findings of the study present that dynamic ankle balance had a
significant interaction between pre and post scores of the intervention group of
four multidirectional reaches of the SEBT. The anterior (p= 0.000) medial
(p=0.002) and posterior medial (p=0.000) all show significant differences pre to
post testing within the experimental group. Therefore the results support the given
hypothesis that dynamic ankle balance can be improved from a six week
proprioception programme. However, it can be justified that many factors affected
the impact of the results, such as the small sample size. Previous researchers
used greater sample sizes and have proved significant results (McGuine et al.,
2006; Panics et al., 2008; Lust, et al., 2009; Eils et al., 2010). Therefore a larger
sample size should be adhered to increase reliability in results. Conversely,
previous research suggests that a larger duration of the intervention produces a
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greater significance in results. This is supported by Lee et al., (2009) who
conveyed a 12 week programme as opposed to a six week programme and Fatma
et al., who analysed an eight week programme.
It is believed that the improvement of pre to post scores within the experimental
group is due to the exercise content of the proprioception programme. The aim of
the intervention within the group was to improve dynamic balance, enhance joint
and body positioning and stress neuromuscular control (Kemberley, 2001;
Valovich McLeod et al., 2010). It was anticipated, that movement patterns within
the exercises incorporated within the programme were to strengthen and stabilise
the ankle. Progressions were made within the study with the use of equipment
such as wobble boards and trampets to challenge the participants. In addition
progressions were constructed to stress motor control and challenge visual and
vestibular systems (Lephart et al., 1998). However the exercises do not precisely
correspond with those in previous studies; conversely the exercises within the
given study were adapted from previous exercises used within proprioception
programmes and were constructed specifically for the taekwondo participants.
In summary, this study provides a considerate understanding and employment in
the use of a six week proprioception programme in the improvement of ankle
balance. However, limitations of the study should be noted and refined for greater
significance and improvement within future research.
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APPENDIX A

A1: CARDIFF METROPOLITAN PARTICIPATION SHEET
CARDIFF SCHOOL OF SPORT
RESEARCH PARTICIPATION SHEET
Project Title: The effect of a six week proprioception programme on dynamic
ankle balance in elite Taekwondo athletes
This document will provide a run through of the following …
1)
2)
3)
4)
5)
6)

the aim and brief background of the research
my role as the researcher,
your role as a participant,
beneficial aspects in taking part
how data will be collected
how the data / research will be used.

The purpose of this document is to assist you in making an informed decision
about whether you wish to be included in the project, and to promote the research
of the study.

1) Background and aims of the research
Ankle ligament sprains are common amongst martial artists and are frequent
within taekwondo. There are gaps within the research in proprioception training
not included within taekwondo training regimes. Researchers believe that
proprioception training exercises and programmes can aid the prevention in ankle
ligament sprains and improve pre disposing factors such as dynamic ankle
balance and instability. The aim of this study is to see if the effect of a
proprioception programme improves dynamic ankle balance in elite Taekwondo
athletes.

2) My role as the researcher:
The project involves me Olivia (the researcher) who will be supervising and
conducting the testing procedures for both the control and intervention group. I will
also be supervising and instructing the proprioception programme at every session
for the entire six weeks.
3) Your role as a participant:
Your role within the control group will be to take part within the Star Excursion
Balance Test (SEBT) and repeat after six weeks. Your role within the intervention
group is to do the same protocol as the control group, but also take part within a
six week proprioception programme as well as your training regime with the
control group.
4) Benefits of taking part:
You will be able to know and find out how good your balance in both groups,
experience something new and having a good sense of praise for taking part and
helping the research study take place. Participants within the intervention group

will be able to experience proprioception exercises and will begin to learn the
reasons why you as athletes will benefit from the exercises physically and how
they will also prevent you from injury or reoccurrence.
5) How data will be collected:
As alluded to above, data will be collected from the measurements in centimeters
(CM) within the test pre and post the programme.
6) How the data / research will be used:
In agreeing to become a voluntary participant, you will be allowing me to use your
test results to compare against both groups, pre and post the programme. The
data will be analysed to discover the outcome of the study. Your personal data will
be anonymous and will not be reported alone, but within the total sample of
participants.

Your rights
Your right as a voluntary participant is that you are free to enter or withdraw from
the study at any time. This simply means that you are in full control of the part you
play in informing the research, and what anonymous information is used in its final
reporting.

Protection to privacy
Concerted efforts will be made to hide your identity in any written transcripts,
notes, and associated documentation that inform the research and its findings.
Furthermore, any personal information about you will remain confidential
according to the guidelines of the Data Protection Act (1998).
Contact
If you require any further details, or have any outstanding queries, feel free to
contact me by email below.

Olivia Hall Van Laere
Undergraduate Bsc Hons, Sports Conditioning Rehabilitation and Massage
st10001845@outlook.uwic.ac.uk
oliviahallvanlaere@hotmail.co.uk

A-2: INFORMED CONSENT FORM

CARDIFF SCHOOL OF SPORT
INFORMED CONSENT FORM
CSS Reference No:
Title of Project: The effect of proprioception intervention
programme on dynamic ankle balance in elite Taekwondo
athletes
Name of Researcher: Olivia Hall Van Laere

Participant to complete this section:

Please initial each box.

1. I confirm that I have read and understand the information
sheet dated ………. for this evaluation study. I have had the
opportunity to consider the information, ask questions and
have had these answered satisfactorily.
2. I understand that my participation is voluntary and that it is
possible to stop taking part at any time, without giving a
reason.
3. I also understand that if this happens, our relationships with
the Cardiff Metropolitan University, or our legal rights will
not be affected
4. I understand that information from the study may be used
for
Reporting purposes, but I will not be identified.
5. I agree to take part in this study on ….THE EFFECT OF A
SIX WEEK PROPRIOCEPTION PROGRAMME ON
DYANMIC ANKLE BALANCE IN ELITE TAEKWONDO
ATHLETES.
Name of Participant
__________________________________________
Signature of Participant
Date:
___________________________________________
Name of person taking consent
Date:
_________________________________________
Signature of person taking consent

APPENDIX B

B-1: Independent Samples T-Test

B-2: Two way mixed model ANOVA (test within-subject contrasts)
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APPENDIX C

C-1: Proprioception intervention with progression week 1-6

Exercise
Stork Stand
(McCurdy and
Langford, 2006).

Description

Week 1-2

-Foot of the floor, single leg
stand
-Cross arms across chest
-Maintain balance
-To be performed on both legs

-Maintain balance for 30
seconds

Dura-disk
(balance disc)

-Single leg balance
-Maintain postural control
-Avoid falling of the disk
-To be performed on both legs

1 exercise
-Maintain balance for 30
seconds
nd
2 exercise
-Contralateral leg in a
side kick position for 10
seconds

Trampete
exercises

1 exercise
-Single leg bounces on the
centre logo of the trampete
-Cross arms across chest
-To be performed on both legs
nd
2 exercise
-Athlete jumps onto the centre of
the trampete then jump off and
land
- Maintain balance
- To be performed on both legs
rd
3 exercise
-Athlete starts on the centre of
the trampete
-Jumping turning kick off the
trampete and land
-To be performed on both legs.
These exercises are to be
performed as a circuit TWICE

Wobble board
exercises

Wobble board varying in levels of
difficulty

st

Week 3-4
-Maintain balance for
40 seconds
-Eyes closed

st

1 exercise
-Maintain balance for
40 seconds
nd
2 exercise
-Contralateral leg in a
side kick position for
15 seconds

1 exercise
-20 bounces (remaining
on the centre of the
trampete – use the logo
as an aim)
nd
2 exercise
-Jump on trampete with
two feet, land with two
feet.
(10 reps)

st

-Slow rocks left to right,
front to back (5 reps in
each direction)

Week 5-6
-Maintain balance for 1
minute
-Eyes closed
-Partner asks them
questions while balancing,
to challenge them further
Week 6: x2

st

1 exercise
-Maintain balance for 1
minute
-Eyes closed
nd
2 exercise
-Contralateral leg in side
kick position for 30 seconds
rd
3 exercise
-Perform continuous quick
sidekicks with contralateral
leg whilst balancing

st

1 exercise
-30 bounces
(remaining on the
centre of the
trampete- use the
logo as an aim
nd
2 exercise
-Jump on trampete
with two feet, land on
one foot (10-15 reps)
rd
3 exercise
-Jumping turning kick
off the trampete and
land with two feet
(20 reps)

st

1st exercise
-30-35 bounces (remaining
on the centre of the
trampete-use the logo as
an aim) with eyes closed
nd
2 exercise
-Jump on the trampete with
1 foot and land on same
foot. Repeat on the other
leg. (20 reps)
rd
3 exercise
-Jumping turning kick off
trampete and land with two
feet (20 reps)
-Jumping turning kick off
trampete land on one foot
(repeat on other leg) (10
reps)

-Medium speed
rocking left to right,
front to back (10 reps
in each direction)

-Increase the size of the
sphere
-Balance bilaterally avoid
the edges touching the floor
(60 seconds)

C-2: Warm- up stretches

Exercise
Ankle Plantar Flexors

Gastrocnemius – stand 3-4 feet away from a wall.
Step forward and place hand s on the wall with one
foot in front of the other. Slowly move the hips
forward, keeping the back leg extended and both
heels on the ground (Armiger and Martyn, 2010).
Soleus – Step forward with 15 inches between front
and back foot and place hands on hips for support
and stability. Supinate back foot and slowly sink
down by flexing back knee while keeping the back
heel on the ground (Armiger et al., 2010).

Ankle Dorsi Flexors

Tibalis Anterior – assume a sitting position on either
a chair or on the floor. Cross over the foot over the
contralateral knee. Grasp the forefoot and plantar
flex your ankle, while everting and abducting
(Armiger et al., 2010).

Ankle Invertors/Evertors

Tibialis Posterior – assume a lunge position, roughly
two feet apart. Flex the back knee and dorsi flex the
back ankle whilst guiding the knee anterior-laterally
while keeping the foot flat on the floor. The athlete
may use the front leg to lean on for support. (Armiger
et al., 2010).
Peroneus Brevis – place the plantar surface of the
foot on top of the other foot and invert the top foot
and ankle with simultaneous knee flexion (Armiger et
al., 2010).
Peroneus Longus – same as above but emphasise
the position of the top foot, move it further over the
dorsal surface (Armiger et al., 2010).

-Hold all
stretches
for 8-10
seconds
-Stretches
to be
performed
on both
legs

