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ABSTRACT

The purposes of this study were to investigate the long term effects of
“The FIFA 11+” warm-up training on joint position sense (JPS) and body center of
pressure (CoP) among adolescent futsal players. Ten subjects were trained with “The
FIFA 11+” warm up program (20 minutes/day) at least 3 days/week with regular
practice 5 days/week, and 11 subjects were trained with regular warm up (20 minutes)
before regular practice 5 days/week.

Angle repositioning errors and balance were tested before training (0
week), during (5 weeks), and after training (10 weeks) periods. Angle repositioning
error was measured by a joint position sense (JPS) instrument with reliability at 0.835
of both ankle joints on neutral at 0°, dorsiflexion at 10°, and plantarflexion at 15°
position. There were no significant differences found between groups and dominant
legs, a but significant decrease was found of absolute mean errors on the right ankles
at plantarflexion (15°) position (p=0.032), and after training significant positive %
change (p=0.031) at week 10. The center of pressure (COP) parameters in the single
leg stance position without visual input was found to have a tendency and a significant
decrease in anterior/posterior directions after 10 weeks of the training program.

These results showed that “The FIFA 11+” program could improve and
develop neuromuscular balance control without visual input, and may increase
cognition in body control, which has been correlated with the prevention and reduction
of lower extremity injuries in futsal players often reported elsewhere.

KEY WORDS: CENTER OF PRESSURE /FIFA 11+ / FUTSAL / JOINT POSITION
SENSE / PROPRIOCEPTION
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CHAPTER
INTRODUCTION

Futsal (Indoor Soccer) is a sport that has attracted al over the world. In
Brazil, it is one of the most popular sports, played by more than twelve million
Brazilian people, according to the Futsa Brazilian Confederation (CBFS)[1].
Currently the Federation Internationale de Football Association (FIFA) unifies 203
national associations and represents about 200 million active players, of which about
40 million are women. The incidence of football injuries is estimated to be 10-35 per
1,000 game hours. One athlete plays on average 100 hours of football per years (from
50 hours per player of a local team) every player will have a minimum of one
performance-limiting injury per year but the incidence of injuriesin futsal is lower [1,
2]. Lateral ankle sprains are the most common injuries affecting athletes up to 25% of
all time lost from participation in sports and it occurs 85% of al ankle injurieq[3, 4].

Futsal is different from football. Futsal is played on a smaller pitch and
usually indoors, with six players including a goal keeper on each side and the ball can
be played directly off the wall that surrounds the playing field. Futsal is growing in
many countries and played by over a million people worldwide. It started in South
America in 1930 and the first World Futsal Championship was held 1982 in Brazil.
Since 1989, a Futsa World Cup is organized by the Federation Internationale de
Football Association[5, 6].

Rehabilitation programs emphasizing coordination, balance, and strength
training have been recommended for improving ankle stability and postural stability
with both stable and unstable ankles. Ankle rehabilitation exercises are typically
performed in a static position rather than a dynamic balance position. Although most
coordination and balance training programs have effectively improved postura
stability and decreased the incidence of ankle sprains [7], from the sports medicine,
the coordination of a movement is mainly the internal organization of optimal control

of the motor system and its parts. “Coordination” can be the concept of optimization



Witchuda Gritsanadilok Introduction / 2

for intramuscular and intermuscular coordination and cooperation for a given task,
including internal and externa feedback mechanismg[8]. Proprioception is the umbrella
term for kinesthesia and joint position sense (JPS), JPS refers to the awareness of joint
position in space and is mediated through various receptors called mechanoreceptors that
are located in the joint capsule, ligaments, menisci, muscul otendinous unit, and skin. The
deterioration of proprioception results in increased postura sway, decreased baance,
increased risk of falls and changes in gait patterns [9]. Proprioceptive training reduces the
incidence of ankle sprains in athletes with recurrent ankle sprains to the same level as
subjects without any history of ankle spraing 8.

Sefton reviewed the literature and found that functional balance and
postural control improves after balance training [10]. However, the efficacy of a
balance training program as a primary intervention for the prevention of sprains in
athletes with healthy ankles remains to be determined. In addition, the proprioceptive
training programs reduce the severity of initial or subsequent ankle sprains, or increase
the number of exposures before an ankle sprain occur[11]. Baldaco, et al. (2010),
studied proprioceptive exercise in female futsal players, who played 3 times a week
for one month, found greater control of the body balance in medium-lateral direction
and in eye-closed condition [12].

“The 11" injury prevention program was developed by FIFA’s medical
research centre (the FIFA Medical and Research Centre: F-MARC) to help reduce the
risk of injury in football players aged 14 years and over[13]. The revised program
(“The 11+”) included key exercise routines and additional exercises to provide
variation and progression. It also included a new set of structured running exercises
that make it better suited as a comprehensive warm-up program for training and
matches [14].

In recent years, the “FIFA 11+” warm up training had been recommended
for football players in balance, strength and physical fitness training. The “11+” is a
complete warm-up to prevent injuries, combines the exercise training listed above to
provide you with general protections from injuries if performed prior to every training
session start at age 14. In a scientific study with aimost 2,000 female youth players,
teams performing “11+” at least twice aweek had 30-50 per cent fewer injured players

than teams who warmed up as usual [6].
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However, there are only a few studies on anatomical and physiological
effects of “The FIFA 11+" have been published. The lacking of information in this
area make itrequires for more research. Therefore, this study focused on the effect of
“FIFA 11+” warm-up training on ankle joint proprioception sensibility and ability of

bal ance performance among adolescent futsal players.

Pur pose of the study

General objective

To investigate the effects of long term “The FIFA 11+” warm-up training
on static balance (postural control); shown by maintenance of center of pressure
(COP) during quiet standing on a force plate and Joint Position Sense(JPS) of the
anklejointsin futsal players.

Specific objective

1. To compare the center-of-pressure (CoP) among 2 futsal player groups
in single-leg stance positions with eyes opened and eyes closed conditions before and
after “The FIFA11+” warm-up training and routine classic warm up program.

2. To compare the ankle joint position sense (JPS) in 2 difference training

groups (“The FIFA11+" and routine warm-up groups) before and after training.

Parameter s of the study

Force platform (Kistler Instrument Corp., Amherst, NY) for measuring
center of pressure (CoP) in single-leg stance position with eyes opened and closed
conditions. Two trials with 20 seconds for each trial.

1. COP [15] determinations in anterior/posterior (AP) and medial/lateral
(ML) directions included:

» CoP range (cm)

* Co Pstandard deviations (S.D.) (cm)
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» CoP root mean square (RMS) (cm)

* CoP peak velocity (cm/s)

2. Joint position sense (JPS) instrument

Measure ankle joint positional sensitivity in sitting position with eyes
closed on single leg and random difference of degrees at atime for 4 trails.

* Dorsiflexion - Plantar flexion (Neutral) 0°

* Dorsiflexion 10° [16, 17].

* Plantarflexion 15° [16, 18].

Scope of the study

This study will determine the efficacy of the FIFA 11+ warm up training
program on adolescent futsal players aged between 15-18 years with two years
experience and without a history of pain/injuries in the past 6 months in the lower

extremity. Center of pressure (CoP) and joint position sense (JPS) will be measured.

Hypothesis of the study

1. There were significant differences in center-of-pressure (CoP) in single-
leg stance positions during pre and post training in the group and between groups.

2. There were significant differences in ankle joint position sense(JPS)

during pre and post training in the group and between groups.

Advantages of the study

1. The result of this study would provide preliminary reference data on
balance performances of “The FIFA 11+” warm up training.

2. This study would provide knowledge in consequence of the long term
FIFA 11+ warm up training for possibly injury prevention in futsal playersby
improving balance and proprioception or similar conditions.
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CHAPTER I
LITERATURE REVIEW

2.1 Futsal (Indoor Soccer)

Futsal is afive-a side version of indoor soccer played on a court similar in
size to a basketball court. A player in a 40-minute Futsal match runs between 2.5 and
3.7 miles depending on the position played and the style of play of the team. In
contrast, in a 90-minute high school soccer game, a player runsthreeto five miles. It is
played by over amillion registered players worldwide and is a growing sport in many
countries. It started in South America in 1930,and approved by Federationale de
Football Association (FIFA) as the indoor version of soccer in 1962. The first World
Futsal Championship was held 1982 in Brazil. Since 1989, a Futsal World Cup is
organized by the Federation Internationale de Football Association (FIFA). There are
important differences in the rules of the game between football and futsal.A few
scientific studies have been publishedon match demands and the fitness parameters of
futsal players. From the analyses of heart rates and time—motion during competitive
matches, the authors concluded that futsal is a multiple-sprints sport with more high
intensity phases than football [5, 19]. Matos, et al. found that futsal players were faster
than the soccer players [20].

2.2TheFIFA 11+

The FIFA Medical and Research Centre 1994 (F-MARC) developed in
2003: a prevention program for amateur players, whose effectiveness has been
impressively proven in Switzerland. The nationwide implementation (2004-2008) led
to a significant decrease in injuries during matches and training, it is easily and
broadly applicable. “The 11" has been further developed (2006) into a more

comprehensive program: “11+"[21].
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“The FIFA11l+” is a warm-up program was aimed to reduce injuries
among male and female football players aged 14 years and older. The program was
developed by an international group of experts and its effectiveness has been provenin
ascientific study (Norway, 2008). Terms that performed 11+ at least twice aweek had
30-50% less injured players. The program should be performed, as a standard warm-
up, at the start of each training session at least twice a week, and takes around 20
minutes to complete. Prior to matches, only the running exercise (part 1 and 3) should
or may be performed. For every exercise in the warm-up program, correct

performanceis of great importance [21].

2.2.1 Structure of the 11+

The “FIFA 11+" has three parts with a total of 15 exercises, which
performed in the specified sequence at the start of each training session. A key point in
this program is to use the proper technique during all of the exercises by paying full
attention to correct posture and good body control, including straight leg alignment,
knee-over-toe position and soft landings [22, 23].

Part 1: running exercise at a slow speed combined with active stretching
and controlled partner contacts. (8 minutes)

Part2: six sets of exercises, focusing on core and legs strength, balance,
and plyometricg/agility, each with three levels of increasing difficulty. (10 minutes)

Part3: running exercises at moderate/high speed combined with
planting/cutting movements. (2 minutes)

Figure 2.1: The FIFA 11+ program



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Sports Science) / 7

2.2.2 Field set-up

The course is made up of six pairs of parallel cones, approximately 5-6 m.
apart. Two players at the same time from the first pair of cones, jog aong the inside of
the cones and do the various exercises on the way. After the last cone, run back along
the outside. On the way back, speed can increased progressively as players warm up
[23].

Figure 2.2: Field set-up.

2.3 Injury Mechanisms

Injury mechanisms are based on mechanical concepts, tissue response, or a
combination. Sports medicine classified seven basic mechanisms of injury: (1) contact
or impact, (2) dynamic overload, (3) overused, (4) structure vulnerability, (5)
inflexibility, (6) muscle imbalance, and (7) rapid growth[24]. Lower extremity injuries
(hip, knee, and ankle) are the most common of al musculoskeletal disorders. Injury to
skeletal muscle is common, acute muscular strain results from over stretching a
passve muscle or from dynamically over loading an active muscle, either
concentrically eccentrically. Exercise can induce muscle injury from connective and
contractile tissue disruption; this characterized by local tenderness, stiffness, and
restricted range of motion which refers to delayed-onset muscle soreness[24].

Rehabilitation programs emphasizing coordination, balance, and strength
training have been recommended for improving ankle stability and postural stability in
subjects with both stable and unstable ankles, it has the potential for returning a person
to pre-injury and higher level of function. Ankle rehabilitation exercises are typically

performed in a static position rather than a dynamic balance position and it is the most



Witchuda Gritsanadilok Literature Review / 8

coordination and balance training programs have effectively improved postural
stability and decreased the incidence of ankle sprains[7, 24].

2.4 Center of Pressure (CoP)

Reaction force between the body and support surfaces is distributed over
the contact area, the location on the supporting surface where the resultant vertical
force vector acts. The position of center of an individual standing upright can be
calculated using force plates; force is distributed across two feet and the center of
pressure is located between the feet. Changes in the center of pressure while standing
on force platform are used to evaluate control mechanisms of balance. Good stability
and balance are essential in many sports which is requires proprioceptive input.
Analysis of the center of pressure is common studies on human postura control and
gait, postural control has been defined as the maintaining body’ s position over based
of support for balance and orientation during any posture or activity. [25-29]. CoP
measurements are commonly gathered through the use of force plate, a force plate
gathers data in the anterior-posterior directions (x-axis, forward and backward), the
medial-lateral directions (y-axis, side-to-side) and the vertical direction (z-axis);
movement all 3 axes can be used to calculate the position of the center of pressure
relative to the origin of the force plate[28, 29].

2.5 Proprioception

Proprioception is a neurological process that defined as the ability to sense
stimuli arising within the body, includes the capacity to sense joint position and joint
motion. Proprioception mechanoreceptors such as Ruffini ending, Pacinian corpuscles,
and Golgi tendon organs are present in the anterior cruciate ligament (ACL). Quick-
adapting mechanoreceptors, such as the Ruffini endings and Golgi tendon organs, are
thought to mediate the sensation of joint position [29, 30].

Proprioception is the conscious awareness of limb position and movement,
and is a specialized form of the sensory modality of touch that encompasses the
sensation of joint movement (kinesthesia) and joint position (joint position sense). It is
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generally defined as the ability to assess respective limbs's position without the
assistance of vision and governed by central and peripheral mechanisms that come
mainly from muscular receptors, but also includes tendinous, articular and cutaneous
receptors. Joint position sense results from the afferent input to the central nervous
system and is determine by muscle spindle and skin receptor response to stimuli. The
respective roles of these various sources of afferent information have been debated,
but it is now recognized the muscular receptors have the most important part in the
elaboration of limb proprioception. This role for muscular receptors indicated that
modifying the functional state of the muscles could affect the precision of position
sense [31-33].

The proprioceptive mechanism is essentia for proper function of the joint
in sports, for activities in daily life, and for some occupational tasks. These contribute
to the motor programming for neuromuscular control required for precision
movements and aso contributes to muscle reflex, providing dynamic stability.
Objective quantification of proprioception may improve early detection of
proprioceptive loss with injury[34].Loss of proprioception, resulting in lack ofbalance
and position sense, is considered to be particularly important. It's the afferent
information that contributes to conscious sensation (muscle sense), total posture
(postural equilibrium), and segmental posture (joint stability) [35, 36]. Proprioceptive
information from foot/ankle provides important information regarding body sway for
balance control with absent visual information [37].

Proprioceptive feedback during joint motion depends not only on sensory
information from joint receptors (i.e., ligament and capsule) but also includes
divergent information from skin, articular, and muscle mechanoreceptors. While
researchers have demonstrated that the afferent feedback system may be interrupted on
functional tasks in unknown. Neuromuscular feedback, and its relationship to chronic
instability, may not be completely understood, athough it appears that deficits in
proprioception may lead to functional instability and that coordination exercises may
improve some measures of proprioception[17, 38].

Visua input is one of the most important aspects in proprioception.
Information from the vestibular apparatus about head position in relation to gravity

and to head movements is also important. The sensory receptors for proprioception that
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are found in the skin, muscles, and joints and in ligaments and tendons al provide
input to the central nervous system (CNS) regarding tissue deformation[8].

2.5.1 Joint Position Sense

Joint position sense is a component of proprioception and is often
measured to assess proprioception[39].Balance requires the continuous adjustment of
muscle activity and joint position to retain the body's center of gravity over the base of
support [30].

JPS testing can be performed under weight-bearing or non weight-bearing
conditions with static limb position. Although the former condition provides
proprioceptive information under functional condition, it involves both motor and
sensory receptors and is more complex to test[40]. Several studies have shown joint
position sense disorder to be caused by a significant difference between the stable

ankle and unstable ankle in the inversion angle replication error[41].

2.5.2 Sign of Proprioceptive Impair ment[42, 43]

2.5.2.1 Under-responsive (hyposensitive); the brain perceives
less degree of sensory input which reach through their body unaware in various degree.
Many individua with this condition may have hand and leg skills difficult, tiff and
uncoordinated movement, continue long period activities or crash without pain.

2.5.2.2 Over-responsive (hypersensitive); the brain perceives
more intensive sensory input. Individual tend not to be touched and avoid specific
types of sensations, negatively and emotionally to unexpected light and touch. They
may have poor body awareness tend to be rigid and tense with coordinated moves.

2.5.2.3 Difficulty regulating Input; the brain cannot evaluate
situation correctly. A person may push too hard or not enough against the objects,
unable to correctly judge object weights.

2.5.3 Proprioception Pathway [42, 43]
2.5.3.1 Conscious proprioception; the information is utilized to
facilitate complex motor activity via the posterior column-medial lemniscuses

pathway to the cerebrum, mostly responsible for posture and spinal cord function.
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2.5.3.2 Unconscious proprioception; the information is
communicated through the dorsal spinocerebellar tract to the cerebellum. This is

important to coordinate basic posturing during sitting, standing and gait activities.
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CHAPTER 11
MATERIALSAND METHODS

3.1 Ethical approval

All subjects were informed of the experimental protocols and possible risk
this involved consenting to the risk, verbally and in writing. Details of the study were
explained to the subjects and their informed consent was obtained. A consent form
was approved by the Ethics Committee on Human Experimentation of Mahidol

University.

3.2 Participants

21 healthy adolescent futsal players of 15-18 years old, control group
(n=11) and trained group (N=10) subjects between the ages of 15-18 years (age =
16.29 £ 0.18 yrs) were recruited from Nakhonpathom sports school, Nakhonpathom to
participate in this study.They were free from any lower extremity injuries and the
following medical conditions. ear infections, neurological disorder, and visual
disorder. A consent form that described the methods will be explained to al subjects
before their informed consents will be given.

All the groups were matched by age, weight, height, and BMI. These
subjects were interviewed about their medical history before testing. Inclusion and

exclusion for this experiment were based on the criteria as follows.

3.2.1Inclusion criteria

They were free from lower extremity surgery/fracture and the following
medical conditions: ears infection, visual conditions, and neurological conditions.They
were able to take participate all training programs and reassessment without take other

vigorous sports or physical activities during the period of study.
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3.2.2 Withdrawal criteria
They were unable to attend the training program at least 70% of total

training and have injury or pain during training or testing.

3.3 Instrumentation

3.3.1 Demography
In this study, body weight and height scale (Tan scale, Thailand) were

measured and questionnaires in order to classify injury and dominant leg.

3.3.2 Forceplate

Force plate is measuring instrument design to measure ground reaction
forces by standing, walking, running, and jumping. There are used in research and
clinical studies, gait analysis (rehabilitation, orthopaedics, prosthetics), sports (jump
force, impact, training), neurology (posturography, baance, microvibrations),
ergonomics, industry (shoe development, material testing, safety, loading) but most
common for rehabilitation and sports performance diagnosis through improved
training methods at balance, gait pattern and sports performance[44-46].Kistler force
plate (Kistler Instrument Corp., Amherst, NY)was used to measure the ability to keep
balance while standing on asingle leg (Figure 3.1).

500mm

600mm
'|'|'.'|'

50mm

Figure 3.1: Kistler multicomponent force plate type 9260AA6. (Anterior-Posterior,
Medial-Laterial”, and Vertical)
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3.3.3 Jaint Position Sense (JPS)

Joint position sense instrument with the bulls-eye surface level to measure
ankle joint position sense meter (Institute of Molecular Bioscience (MB), Mahidol
University), reliability at p = 0.835 (SPSS version 18) size 50x50x50 cm. (Figure 3.3),
to investigate the subjects ankle in various predetermined angles and asked them to

reproduce their remembered perception of the angles[31].

Figure 3.2: Instrument for ankle joint position sense testing.

3.4 Experimental Procedures

3.4.1 Measurement of physical fitness

» Weight and height by Tan scale

* BMI calculated by mass(kg)/height(cm)2 [47]
* Leg dominantby questionnaire

* History of injury by questionnaire

3.4.2 Measurement of body center of pressure (CoP)

Body center of pressure (COP) was measured by Kistler force plate
(Kistler Instrument Corp., Amherst, NY). The subject has to maintain the standing
position with their hand on their hip while the knee is flexed to 90° and they face
straight ahead on single leg stance position to exclude the visual proprioception
(Figure 3.3)[ 15, 48, 49].

Data from force plate was extracted by bioware software (version 4.0) and

acquire data acquisitions were used to capture COP motion for Kistler (Table 3.1).
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Data were recorded using sampling frequency 500 Hz, filtered with a cutoff frequency
of 5 Hz.[50, 51]. The COP ranges were determined by locations the most positive and
most negative values within the datasets in anterior-posterior (A/P) directions and

medial-lateral (M/L) directions with two trails average for analysis with 1 min rest or

until subjects did not show sign of fatigue(Figure 3.4 and 3.5)[52].

Figure 3.3: Center of pressuretest in single-leg-stance position on a force platform.

Table 3.1 Calculation data measured from bioware program with Kistler coordinate
system of the COP signals [53-55].

Parameter Calculation Description

Fx fx12 + fx34 Medio-lateral force

Fy fyl4 + fy23 Anterior-posterior force

Fz fz1+fz2 +fz3 +fz4 Vertical force

M X b* (fz1 +fz2 - {z3 - fz4) Plate moment about X-axis

My a* (-fzZ1+fz2 +fz3-fz4) Plate moment about Y-axis

MX' Mx + Fy*az0 Plate moment about top plate surface

My' My - Fx*az0 Plate moment about top plate surface

ax -My'/ Fz X-Coordinate of force application
point (COP)

ay Mx'/ Fz Y-Coordinate of force application

point (COP)

Az0 = thickness of plate parameter
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Fy+ « f » Fy-
A-P /

Force plate

A

M-L

Figure 3.4: The location area can be determined using measured force.

(cm)
Ay

Ax vs Ay

23 2 0 p) 2 (cm)

Figure 3.5: lllustrate characteristic of stabilogram data from participant by bioware
program. (Ay = Medial-Lateral, Ax = Anterior-Posterior)

3.4.3 Measurement of anklejoint position sense (JPS)

Absolute angle errors were measured by error repositioning angle within
target angle from joint position sense instrument scale (Institute of Molecular
Bioscience (MB), Mahidol University. The subjects were blind folded to avoid visual
perception and affect the results and allowed to sit comfortably on a bench with the
knees flexed at 90° with lower leg positioned vertically [56] place their foot on the
testing instrument while straps were used to hold the subject’s foot to the platform
with ankle stating position at 0°. Four trials were given by passively placed to similar
random target positions in every subject without positioning memorizes angle. The
subjects were held in that position for 10 seconds, and asked to remember the target
angle [15] then returned to the neutral starting position, rest for 15secondsbefore the
next trial[40]. Subjects were asked to actively reposition their foot as closely to the
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target angle as possible [18]. The subjects were told their target positions and data
were recorded by the researcher. The absolute angular error (AAE), the absolute
difference between target and perceived angle, was calculated at each test angle
[40].These studies were measuredfor ankle from both sides in different positions
(Figure 3.6).

» Ankle neutral position 0°

» Ankle dorsiflexion10° [16, 17,56]

* Ankle plantar flexion 15° [16-18, 39]

Figure 3.6: Joint position sense (JPS) test
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Table 3.2 Definitions of joint position sense and force plate parameters [52, 57].

Measure Definition

AAE Absolute angular/mean error of the absolute difference between
target and perceived angle

CoPrange The absolute location of the most positive and the most
negative vaues within the datasets in AP and ML

directions

CoP SD Overall SD of the CoP

CoP RMS Overal RMS of the CoP

CoP peak velocity The absolute maximum value of the instantaneous velocity of
the CoP

AEE = Absolute angular error, Cop = Center of Pressure, SD = Standard Deviation, and RM S = Root

Mean Sguare

3.5 Statistical Analysis

The means of absolute angle errors (AEE) were measured in the four
ankles joint position sense (JPS) trails and the means of each dependent CoP measures
on the left and the right legs with eyes closed and eyes opened conditions was
calculated. Data analysis using Shapiro-Wilk test for normality, all measures were
found to be normally distributed, p>0.05. Mixed model 2x3 ANOV As were calculated
with the effects of groups (control and trained) and within factor of sides (dominant
and non-dominant legs), and eyes (closed and opened) by SPSS (SPSS Inc., IBM
Corporation) for windows version18. Unpaired t-test were performed to determine the
differences in percent change from baseline of ankle joint position sense and balance
test between control and trained groups. The significant level was set a priori at
p<0.05. The strength of effect sizes were using Cohen’s guidelines[58] with value less
than 0.4 was considered as weak, between 0.41-0.7 as moderate, and greater than 0.7

as strong.
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Subjectsrecruitment, questionnaire and physical assessment
Explain theresearch and sign informed consent

/ ~

Futsal Players Futsal Players
The FIFA 11+ warm-up Regular warm up
training training
20 mins/day 20 mins/day
N=10 N=11
Test before, during, Test before, during, and
and after training every after training every 5
5 weeks weeks
- cop! - copt
NS - Jps?
[ Data Analysis ]

Figure 3.7: Experimental protocol
Center of pressure (COP) and “Joint position sense (JPS)
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CHAPTER IV
RESULTS

The major purposes of this study were to investigate the effects of The
FIFA 11+ warm up training program on joint position sense (JPS) and center of
pressure (COP) of body balance in adolescent futsal players. Twenty one players were
participating in this study. Ten players were in trained group who received the FIFA
11+ warm up program for 10 weeks and other eleven players were in control group
which received regular warm up. All players were recruited from Nakhonpratom

Sports School, Nakornpathom.

4.1 Characteristics of Subjects

Twenty one players, had age between 15-18 years old, were included in
this study. The characteristics of subjects were presented in Table 4.1. No significant
difference between groups (p<0.05) or there were significant similarities in

characteristics of both groups at the beginning of the experiment (Table 4.1).

Table 4.1 Characteristics of control (n=11) and trained (n=10) groups at pre-training

Control group Trained
Value P-value
(mean £ SEM) (mean £ SEM)
Age(years) 16.46 + 0.29 16.20 + 0.25 0.438
Weight(K g) 59.46 +2.75 57.00 + 2.45 0.779
Height(cm) 168.69 + 1.96 170.80 + 2.14 0.319
BMI 20.86 £ 0.84 19.43 £0.42 0.215
Futsal training (d/wk) 5.19 +0.04 526 +0.22 0.316
FIFA11+ training (d/wk) 3.96 £0.25 0

Test by independent T-test
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4.2 Effect on Joint Position Sense of the ankle

Ankle joint position sense was determined by joint position sense
instrument (Institute of Molecular Bioscience (MB), Mahidol University). They were
measured in the left and the right ankle at neutral 0° dorsiflexion 10°, and

plantarflexion 15 ° positions of control and trained groups.

4.2.1 Right ankle at neutral position (0°)

The effect of angle repositioning errors of the right ankle at neutral
position (0°) was shown in Table 4.2. There were no found interactions between time,
group, and dominant leg (p=0.617). After training at week 5 and week 10 there were
no significant difference between control and trained groups at pre-training (p=0.426),
week 5 (p=0.888), and week 10 (p=0.231) (Table 4.3 and Figure 4.1). The effect on
the dominant leg found no significant (p=0.625) in control group and (p=0.717) in
trained group. However, there were found tendency of angle errors decrease on
dominant and non-dominant legs in trained group but in control group was found to

be decrease on dominant leg (Table 4.4 and Figure 4.2).

Table 4.2 ANOVA summaries of effects on the right ankle in angle repositioning

errors at neutral position (0°).

Sour ce df F p-value
Between subject
Group 1 0.008 0.930
Dominant Leg 1 0.401 0.535
Group*Dominant Leg 1 0.031 0.861
Within subject
Time 2 0.627 0.540
Time*Group 2 1.731 0.192
Time*Dominant Leg 2 0.715 0.496
Time* Group*Dominant Leg 2 0.490 0.617
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Table 4.3 Comparison of AEE (Mean £ SEM) between control (n=11) and trained
(n=10) group on the right ankle at neutral position (0°)

GROUP WkO Wk5 Wk10 P-value
Control 2.66°+1.06° 2.89°+0.80° 2.52°+0.51° 0.719
Trained 4.00°+£1.25° 2.73°+£0.79° 1.75° £+ 0.34° 0.152
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Figure 4.1 AEE at neutral position (0°) of control and trained groups on the right ankle

at pre training, week 5, and week 10.
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Table 4.4 Results of AEE (Mean = SEM) in control (n=11) and trained (n=10) groups

on the right ankle dominant and non-dominant legs at neutral position (0°)

Time WKO Wk Wk10 | P-value
Parameter
D‘Egﬁgi‘m 2.78°41.30° | 2.61°£0.84° | 2.19°+0.33°
L Non- 0.625
dominant | 2.13°£1.13° | 4.13°£2.88° | 4.00°£2.75°
(n=2)
D(Eg‘:lgi‘m 3.96°+41.71° | 2.00°+£0.99° | 1.92°+0.46°
Trained Non- 0.717
dominant | 4.06°+2.09° | 3.81°£1.22° | 3.13%]1.03°
(n=4)
P-value 0.421 0.888 0.231 0.192
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z _ 7
= W i
Suw ¢
O 57
=R I
3a mwk 0
@ 3 T T
u Oo: ) wk 5
neE o1 = wk 10
% L 0
< Dominant Non-dominant Dominant Non-dominant
CONTROL GROUP TRAINED GROUP

Figure 4.2 AEE on the right ankle at neutral position (0°) between dominant and non-

dominant legs in control and trained groups.

The percent change (relative to pre-training) of the right ankle at neutral
position (0°) between control and trained groups at pre training, week 5 and week 10,
there were no significant difference at week 5 (128.41% in control and 154.31% in
trained group) (p=0.724) and week 10 (145.15% in control and 141.10% in trained
group) (p=0.962) (Figure 4.3)
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Figure 4.3 Percent change (relative to pre-training) of the right ankle at neutral

position (0°) of control and trained group at week 5 and week 10.

4.2.2 Left ankle at neutral position (0°)

There were found no significant interaction difference between time, group
and dominant legs (p=0.183), however the main effect of time was significant
(p=0.004) between control and trained group (Table 4.5). The comparison between
control and trained group were not found significant in pre-training (p=0.764), week 5
(p=0.705) and week 10 (p=0.305) shown in Table 4.6 and Figure 4.4. The effect of
dominant legs were no significant difference (p=0.130) in control group and (p=0.578)

in trained group (Table 4.7 and Figure 4.5).

Table 4.5 ANOVA summaries of effect of the left ankle in angle repositioning errors

at neutral position (0°) of the control and trained groups.

Sour ce df F p-value
Between subject
Group 1 1.363 0.259
Dominant Leg 1 3.464 0.080
Group*Dominant Leg 1 0.873 0.363
Within subject
Time 2 6.423 0.004*
Time*Group 2 0.984 0.384
Time*Dominant Leg 2 2.451 0.101
Time*Group*Dominant Leg 2 1.785 0.183

*Significant difference at p < 0.05
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Table 4.6 Comparison of AEE (Mean + SEM) between control (n=11) and trained
(n=10) groups on the left ankle at neutral position (0°)

GROUP WkO Wk5 Wk10 P-value
Control 3.94° + 1.65° 6.60° +2.18° 2.31°+£0.27° 0.045*
Trained 2.79°+£0.83° 3.65°+0.90° 1.69°+0.26° 0.089

*Significant difference at p < 0.05
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Figure 4.4 AEE at neutral position (0°) of control and trained groups on the left ankle

at pre training, week 5, and week 10.
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Table 4.7 Results of AEE (Mean + SEM) on the left ankle at neutral position (0°) of

control (n=11) and trained (n=10) groups.

1me WKO WK5 WK10 P-value
Parameter
D‘Eg‘:lg?m 5.38°42.08° | 10.38°+3.94° | 2.75°+£0.49°
Control 7 0.130
dominant | 2.50°:1.41° | 2.83°+1.85° 1.86°+0.23°
(n=9)
D‘Eﬁiﬁ;‘m 4.00°£1.28° | 4.25°41.39° | 1.75°t0.40°
Trained Non- 0.578
dominant | 1.58°+1.05° 3.04°+1.14° 1.63°+0.33°
(n=6)
P-value 0.764 0.750 0.305 0.384
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Figure 4.5 AEE on the left ankle at neutral position (0°) between legs dominant in

control and trained groups.

The percent change (relative to pre-training) of the left ankle at neutral

position (0°) between control and trained groups at week 5 and week 10, there were

not shown significant difference at week 5 (147.55% in control and 188.36% in
trained group) (p=0.344) and week 10 (172.65% in control and 119.85% in trained
group) (p=0.330) (Figure 4.6)
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Figure 4.6 Percent change (relative to pre-training) of the left ankle at neutral

position (0°) between control and trained groups at week 5 and week 10.

4.2.3 Right ankle at dorsiflexion position (10°)

The interaction difference between time, group and dominant leg were not
significantly different (p=0.860) (Table 4.8). There were no significant between
control and trained groups at pre-test (0.854) week 5 (0.681) and week 10 (0.583)
(Table 4.9 and Figure 4.7). The comparison between dominant leg were no significant
(p=0.850) in control group and (p=0.469) in trained group but found tendency errors

degree decreased on dominant leg in trained group (Table 4.10 and Figure 4.8).

Table 4.8 ANOVA summaries of effect on the right ankle in angle repositioning errors

at dorsiflexion position (10°).

Sour ce df F p-value
Between subject
Group 1 0.260 0.617
Dominant Leg 1 0.015 0.906
Group*Dominant Leg 1 0.000 0.993
Within subject
Time 2 0.277 0.760
Time*Group 2 0.021 0.979
Time*Dominant Leg 2 0.791 0.462
Time*Group*Dominant Leg 2 0.151 0.860
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Table 4.9 Comparison of AEE (Mean £ SEM) between control (n=11) and trained
(n=10) groups on the right ankle at dorsiflexion position (10°)

GROUP WkO Wk5 Wk10 P-value
Control 1.44°+0.31° 1.54°+ 0.22° 1.60° + 0.45° 0.927
Trained 1.50° 4+ 0.34° 1.68°4+0.22° 1.78° 4+ 0.33° 0.799
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Figure 4.7 AEE at dorsiflexion position (10°) of control and trained groups on the left

ankle at pre training, week 5, and week 10.

Table 4.10 Results of AEE on the right ankle at dorsiflexion position (10°) of control
(n=11) and trained (n=10) groups.

Time WkO WKk5 Wk10 P-value
Parameters
D‘Eg‘:lg;‘m 1.50°40.27° | 1.58°£0.19° | 1.44°+0.30°
Control =7~ 0.850
dominant | 1.38°£0.57° | 1.50°+£0.40° | 1.75°+0.63°
(n=2)

D‘leln:lg?nt 1.75°40.42° | 1.67°+0.28° | 1.50°+0.41°
Trained 0" - 0.469
dominant | 1.25°£0.52° | 1.69°+0.34° | 2.06°+0.51°

(n=4)
P-value 0.854 0.681 0.583 0.979
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Figure 4.8 AEE on the right ankle at dorsiflexion position (10°) between dominant leg

in control and trained groups.

The percent change (relative to pre-training) between control and trained
groups after training at week 5 and week 10, there were no significant difference at
week 5 (130.42% in control and 158.15% in trained group) (p=0.490) and week 10
(114.41% in control and 192.72% in trained group) (p=0.283) (Figure 4.9)
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Figure 4.9 Percent change (relative to pre-training) of the right ankle at dorsiflexion

position (10°) between control and trained group at week 5 and week 10.

4.2.4 Left ankle at dor siflexion position (10°)

The interaction difference between time, group and dominant leg were not
found significant (p=0.590) (Table 4.11). However, there found no significant
difference between control and trained group at week 0 (0.166), week 5 (0.482) and
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week 10 (0.929) (Table 4.12 and Figure 4.10). The comparison between dominant leg
were not significant (p=0.130 in control group and p=0.578 in trained group). It found
tendency errors decreased on non-dominant leg in control group (Table 4.13 and

Figure 4.11).

Table4.11 ANOVA summaries of effects of the left ankle in angle repositioning

errors at dorsiflexion position (10°).

Sour ce df F p-value
Between subject
Group 1 0.250 0.623
Dominant Leg 1 0.708 0.412
Group*Dominant Leg 1 0.530 0.477
Within subject
Time 2 2.426 0.104
Time*Group 2 0.997 0.379
Time*Dominant Leg 2 1.114 0.340
Time* Group*Dominant L eg 2 0.535 0.590

Table 4.12 Comparison of AEE (Mean £ SEM) between control (n=11) and trained
(n=10) groups on the left ankle at dorsiflexion position (10°)

GROUP WkO WKk5 Wk10 P-value
Control 2.87°+£0.67° 2.88°+0.35° 1.69° + 0.68° 0.226
Trained 1.71°+ 0.21° 2.97°+1.01° 1.84° 4+ (0.40° 0.185
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Figure 4.10 AEE between control and trained groups of the left ankle at dorsiflexion
position (10°)
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Table 4.13 Results of AEE (Mean + SEM) on the left ankle at dorsiflexion position

(10°) between dominant leg of control (n=11) and trained (n=10) groups.

Time WO WKS Wk10 P-
Parameters value
Dominant | 5 f30,1 030 | 375000620 | 1.50°¢1.23°
Control (n=2) 0.323
Non'(fl‘f;‘)mam 2.11°%40.49° | 2.00°£0.29° | 1.89°+0.58°
. Dominant 5 130, 350 | 2 81941.56° | 1.68°40.62°
Trained (n=4) 0.658
Non'(fl‘fg)mam 1.29%0.27° | 3.13%t1.27° | 2.00°£0.51°
P-value 0.166 0.482 0.929 0.379
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Figure 4.11 AEE of the left ankle at dorsiflexion position (10°) between dominant and

non- dominant legs in control and trained groups.

The percent change (relative to pre-training) between control and trained
groups at week 5 and week 10 found no significant difference at week 5 (129.35% in
control and 194.44% in trained group) (p=0.227) and week 10 (103.72% in control and
139.61% in trained group) (p=0.439) (Figure 4.12)
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Figure 4.12 Percent change (relative to pre-training) of the left ankle at dorsiflexion

position (10°) between control and trained groups at week 5 and week 10.

4.2.5 Right ankle at plantaflexion position (15°)

There were no found significant interaction difference between time, group
and dominant leg (p=0.481) (Table 4.14). However, there was no significant between
control and trained groups at week 0 (0.347), week 5 (0.732) and week 10 (0.052),
there were found significant decreased in trained group (0.029) (Table 4.15 and Figure
4.13). The comparison between dominant leg were found significant at week 10
(p=0.032) on non-dominant leg in control group and in trained group found tendency
errors decreased both dominant and non-dominant legs in week 5 and week 10 (Table

4.16 and Figure 4.14).

Table 4.14 ANOVA summaries of effect on the right ankle in angle repositioning

errors at plantarflexion position (15°).

Sour ce df F p-value
Between subject
Group 1 0.141 0.712
Dominant Leg 1 0.505 0.487
Group*Dominant Leg 1 0.337 0.567
Within subject
Time 2 0.717 0.495
Time*Group 2 2.537 0.094
Time*Dominant Leg 2 0.502 0.620
Time* Group*Dominant Leg 2 0.749 0.481
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Table 4.15 Comparison of AEE (Mean + SEM) between control (n=11) and trained
(n=10) groups on the right ankle at plantarflexion position (15°)

GROUP WkO Wk5 Wk10 P-value
Control 2.60° £+ 0.56° 2.30°+0.78° 2.97°+0.36° 0.730
Trained 3.01°+0.63° 2.73°+£0.66° 1.46°+0.31° 0.029*

*Significant difference at p < 0.05
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* Significant difference at p < 0.05 between pre training and wk 10 in trained group
Figure 4.13 AEE between control and trained groups on the right ankle at

plantarflexion position (15°)

Table 4.16 Results of AEE (Mean + SEM) on the right ankle at plantarflexion position
(15°) of control (n=11) and control (n=10) groups.

Time WKO Wk5 Wk10 b

Parameters value
DorIEnant 2.19°40.47° | 2.47°+0.67° | 2.06°+0.31°

Control (n=9) 0.447
Non'(?l(;f;)lnant 3.00°:1.01° | 2.13°+1.42° | 3.88°+£0.65°
. Dominant 3.08°+0.80° | 2.58°+0.83° | 1.42°+0.39°

Trained (n=6) 0.925
Non'(?l(;f;l)lnant 2.94°40.98° | 2.88°+1.02° | 1.50°+0.48°

P-value 0.347 0.732 0.052 0.094
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* Significant difference at p = 0.032 in control group.
Figure 4.14 AEE of the right ankle at plantarflexion position (15°) between dominant

leg in control and trained groups.

The percent change (relative to pre-training) between control and trained
groups at week 5 and week 10, there were no significant difference at week 5
(131.49% in control and 87.75% in trained group) (p=0.371) but shown significant
difference at week 10 (132.38% in control and 53.55% in trained group) (p=0.031)
(Figure 4.15)
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* Significant difference between control and trained groups at p=0.031
Figure 4.15 Percent change (relative to pre-training) of the right ankle at plantaflexion

position (15°) between control and trained groups at week 5 and week 10.
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4.2.6 Left ankle at plantarflexion position (15°)

There were no significant interaction difference between time, group, and
dominant leg (p=0.388) (Table 4.17). The effect of time between control and trained
groups found no significant difference at week 0 (0.302), week 5 (0.461) and week 10
(0.891) shown in Table 4.18 and figure 4.16. The comparison between group and
dominant leg were no significant (p=0.496 in control group and p=0.398 in trained
group) but in trained group found tendency errors decreased in week 5 and week 10 of

non-dominant leg (Table 4.19, 4.20 and Figure 4.17).

Table 4.17 ANOVA summaries of effect of the left ankle in angle repositioning errors

at plantarflexion position (15°).

Sour ce df F p-value
Between subject
Group 1 0.072 0.792
Dominant Leg 1 0.042 0.832
Group*Dominant Leg 1 0.859 0.453
Within subject
Time 2 2.183 0.128
Time*Group 2 1.103 0.343
Time*Dominant Leg 2 0.689 0.510
Time* Group*Dominant Leg 2 0.972 0.388

Table 4.18 Comparison of AEE (Mea