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CHAPTER |
INTRODUCTION

Background and Rationale

In Thailand, like in other developing countries, the elderly group (adults over the age
of 60 years), represents a growing segment of our population. It has been estimated that Thai
population will represent about more than 15.8%/inithe year 2020 (B.E. 2563) as a result of a
progress of medical service and public health. With*thesadvancing age, the health problems

have taken on ever increasing importance (ANUMATAVANTE G987 NINNITUANE NFENTI

aa

4191704, 2548). The Thai eldedy Grotip is especially prone to fall more than 20% of the total
Thai elderly population (zﬁ&lﬁﬂ QMEMW?, 254@). Fall in older adults also are associated with

decreased confidence in movement and balance (Steinmetz and Hobson, 1994; Stoize et al.,

_—

2004). Loss of confidence, or fear of falling, oft?na[esults in decreased physical activity that,
in turn, may perpetuate further decline in posti}‘_raﬁl stability and quality of life (Fletcher and
Hirdes, 2004). <4

220

Balance is a fundamental skilli-that is compromised with advancing age (Shkuratova et

al., 2004). Balance impairment in old-tx—::r adults inc?éasqes the riskfor falls (Tinetti et al., 1988).

Fall incidents and the enétjirﬁ injury process are multifactorial. ’E-nvironmental hazards, such
as loose carpets and badly;_visible steps can play a role, butﬁrdo so usually in combination
with intrinsic factors (Tideiksaar,4997). Stable loce@motion and even stable stance depend on
adequate cardiovascular.function, in particular cerebral blood flow (Carey and Potter, 2001)
and adequate proprioception (Bloem etgal., 2003). When moving threugh a variable and
unpredictable epvironment,wvisual contrast sensitivity and [depth perception are crucial for

detection of environmental hazards (Lord, 2006).

A number of studies have identified risk of factors for falling. These can be classified
as either intrinsic (e.g., lower extremity weakness, poor grip strength, balance disorders,
functional and cognitive impairment, and visual deficits) or extrinsic (e.g., polypharmacy) and
environmental factors such as poor lighting, loose carpets, and lack of bathroom safety

equipment). The American Geriatrics Society, British Geriatrics Society, and American



Academy of Orthopaedic Surgeons Panel on Falls Prevention ranked the risk factors and
summarized the relative risk of falls for person with each risk factor. There appears to be both
the intrinsic and extrinsic factors as important as risk factors for falling. The factors that
primarily considered as fall risk, based on muscle weakness, history of falls, gait deficit and
balance deficit with respective range at 1.5-10.3, 1.7-7.0, 1.3-5.6, and 1.6-5.4 times

(American Geriatrics Society, 2001).

Throughout the human life span the functions of several physiological systems
dramatically change, including proprioception. Thessomatosensory system and, specifically,
the proprioceptive system, areseritically involved in the sensory control of balance. Impaired
proprioception leads to less .accurate detection of body position changes. Altered
neuromuscular control of thedower limb and consegquently poor balance resulting from
changes in the proprioceptive function could be‘related to the high incidence of harmful falls
that occur in old age subjects (Ribeiroand Olivgira_-, 2007). It has been suggested that all age
groups were more dependent on prpp_riocep%i_‘qp J_than on vision for the maintenance of
balance (Colledge et al., 1994). Thus, dggline in-jlév_\{ér limb proprioception has been linked to
balance problems found in the elderly (Horak et a't_:';;l1’989; Lord and Ward, 1994; Manchester
et al., 1989; Woollacott et al., 1986). - _4 .

The proprioceptidnﬁ,'especially, the ankle proprioceptioh, is very important for the
elderly to maintain proper @ostural control (Xu et al,, 2004).7 Besides that, a decrease in
proprioception could lead to abnermal joint biomechanics during functional activities such as
walking over the period.of“time. A" theory currently: being levaluated is that changes in
proprioception result ih changes in joint function that may lead to degenerative joint disease
(Starkey andyJohrison, 2006). Thesé changes correlate with changes/in muscle fiber types
and directly affect the performance of both the activities of daily living and sports (Starkey
and Johnson, 2006; Bostrom and Buckwalter, 2002). Moreover, changes in proprioception
may be a sensitive method for detecting subclinical osteoarthritis (Skinner et al., 1984).
Therefore, it might be important to develop and implement strategies to attenuate the age-
related decline in proprioception. One strategy to reduce the incidence of poor
proprioception and falls with aging may be regular physical activity (Petrella et al., 1997;

Ribeiro and Oliveira, 2007).



Once proprioceptive deficiencies have been identified, rehabilitation and conditioning
programs should be developed and implemented. Training allows to counteract age-related
balance impairment (Campbell et al., 1997) and may improve postural control by acting on
balance sensors (Hu and Woollacott, 1994; Perrin et al., 1999) or on the motor response
through an increase of muscular strength (Wolfson et al., 1996). Postural control may rely
upon the proper use and function of sensory afferences, but could also depend on the
muscular strength of the lower limbs (Gauchard et al., 1999). Another point is that, devices
currently used for neuromuscular control responsibility.costs are expensive. For this reason,
given muscle training program often implemepted in-clinical technique, with devices such as
balance board, trampoline,ditball_or foam board, butwalso need clinician to provide
appropriate training program and«closely tak_le care of elderly for preventing a harmful fall

(AN NAaatANg, 2549). L 4

_—

Interestingly, there are different kinds 0‘5 exercise have been shown to have different
on balance. It has been showed that r_egular'_j@g?gef_cise of proprioceptive nature might be
beneficial to retain or regain balange (Ribewo an{:l;{o_l.iveira, 2007). Additionally, improvements
in proprioception can be obtained via-regular ac@ﬁ;i‘performed both depend on resistance
training and independent of heavy mustle Ioading:('fﬁbompson et al., 2003). According to the
reports, physical activity-improving.muscle _strength_can_also-improve proprioception. The
improvement in muscle stréngth with exercise might yield betier control of movement, which,
as a consequence, could enhance joint proprioception under weight bearing conditions

(Petrella et al., 1997).

It should be note that regular physical activity seems to be a beneficial strategy to
preserve progrioception.andiprevent fall. among/alder subjects (Ribeiroiand| Oliveira, 2007).
Although many studies have indicated that adoption of regular physical activity can attenuate
the age-related decline in many physiology systems, few studies have been conducted to
examine the effects of exercise on proprioception of old people, especially the effects of
different kinds of exercise (Ribeiro and Oliveira, 2007; Xu et al., 2004). Moreover, there has

been no study conducted by comparing between ankle proprioception of the elderly with and



without exercise. This study examined the ankle joint position sense of elderly engaged in

difference types of exercise.

Research questions

Primary research question: Is there a difference on ankle joint position sense between

elderly with exercise and non-exercise?

ifference on ankle joint position sense of

elderly engaged in walking, tai chi, e ) ('//

Objectives T —

1. To determine ankle joi S " :.\ eld ngaged in difference types of
exercise and have no exercise ssive reproduc \. 1t position sense test.

2. To determine balancé control ai llirate of elderly engaged in difference types of

exercise and have no exercise.

Hypothesis

Ankle joint position sense etter than elderly without exercise.

d

"“' U
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Conceptual Framework

Difference types of exerci Sedentary life style

=  Walking
= Tai chi
= Jogging

scourate detection of

ion sense
i
!
‘a Pogr;balance

quﬂqwﬂ%ﬁwﬁﬁni
RN TN NWEINEIAY

Fig 1.1 Conceptual framework



Scope of research

This study is an analytical research design which analytical descriptive study of Thai
elderly men and women who engaged in regular exercise as either walking, tai chi, or jogging

participated as subjects and having non-exercise group as a control group.

The study approval was obtained from the University Ethics Committee. Written

informed consent was obtained from eac Wect prior to participation. On attendance,

#)e and risk involved, and reminded of

Assumptions

1. The equipments and reliability.

2. All volunteers partici  this \\- e voluntary.

3. All subjects were ask efrained from €onsuming alcohol, caffeine, or food for 2
hours and having no vigorous activities for oUrs be ore the first test sessions (Hermione
et al., 2006). '

Limitations -

,

1. The elderly pe@le particip DjECts whﬂ]were recruited following the

inclusion criteria. Fs

s MR ANINGIDS. .
> RAGYREFTRLHARAEIRDE B veore

kind of sportsﬂaxercise.
Key Words

Elderly, Fall, Exercise, Proprioception, Joint position sense



Operational definition
1. Elderly is defined as the older men and women aged 60 to 70 years old.

2. Fall is defined as any involuntary change from a starting position of bipedal
support (standing, walking, bending, reaching, etc.) to a position of no longer being

supported by both feet, accompanied by (partial or full) contact with the ground or floor.

3. Exercise, a type of physical activity, is defined as a planned, structured, and
repetitive bodily movement done to improve or maintain.one or more components of physical
fitness. According to this study;“it-has been studied in“the elderly human subjects who
participate in regular exercise as«€ither walking, tai chi, or jogging. The following calculation

of recommended level of physieal activity are used:
Sufficient physical agtivity'is presented-m one of the three ways:
1) Undertaking 180 mmutes of méderate intensity physical activity on five or

more sessions or 60 minutes of yigorous mtensnty physmal activity in the previous week.

2) Undertaking 150 mlnutes of total physical activity where moderate and
42

vigorous activity (weighted by two) are summated the previous week.

3) Energy expendlture of 800 kI|OC8|OI’IeS per week .

(An initiative of the Premier’s Physical Activity Taskforce 2003)

Insufficient physical activity is some activity but not enough to reach the levels

required for ‘sufficient(Andinitiative of: the [Premief’s PhysicalyActivity Taskforce, 2003).

Vigorous activity is physical activity requiring >6 METS (Centers, for Disease Control,
2006) accofding/to previous studies about cost of energy lexpenditure. (Ainsworth et al.,

2000; Centers'for Disease Control, 2006).

Moderate activity is physical activity requiring 3-6 METS (Centers for Disease
Control, 2006) according to previous studies about cost of energy expenditure.

(Ainsworth et al., 2000; Centers for Disease Control, 2006).

METs of each activity calculated from Ainsworth et al. (2000).



Kcal/min = METs of activity x 3.5 x body weight in kg.)/200 (ACSM'’s guidelines,
2006)

4. Proprioception is defined as an awareness of position and movement of a part of

body with elimination of visual guidance (For details, see in Chapter Il page 14).

5. Joint position sense (JPS), a component of proprioception, is determines the

subject’s ability to comprehend a present int angle and then, once removed, may be

conducted in either passively or he same joint angle. Joint position

testing, termed the repositioni proprioception testing. Passive
reproduction method is use this study (For details, see in

Chapter Il page 23-25).

2. To realize the effectiveness of b lar

elderly with exercise and have noexefﬁﬁ._&*"i; &7,
) »

B 2121311 10
TRIRTANNIUNNINYIAY

5. PrOQ/iding the preliminary data for the further research.



CHAPTER I
REVIEW LITERATURES

Balance

Ragnarsdottir (1996) stated that balance is often described as a complex
motor skill and is also often referred to as postural control. These terms “balance” and
“postural control” are used by some authors as synonyms for the concept of the mechanism
by which the human body prevents itself from falling#or lesing balance (Ragnarsdottir, 1996).
In addition, in Lephart's Textbeok-of Proprioception-ana neuromuscular control, balance
refers to the process of maintain“the’ centen of gravity within the body’s base of support.
Similar to postural control, it represents a corrlplex interplay between the sensory and motor
systems and involves perceijving envifonmental stimuli, responding to alterations in the
body’s orientation within the enviroament, and T-r‘;a'r_ntaining the body’s center of gravity within
the base of support (Carr‘andsShepherd, ZO:QJQ;J_Shumway—Cook and Woollacott, 1995).
Balance has also been viewed'as a prefr_équisitef'fgg functional competence because it is vital
to performance of activities of daily Iiing:-1n addiffﬁifﬁgood balance is considered necessary

to perform activities with great foree ~with great speed-or in a great amount (Ragnarsdottir,

1996). e — —

Researchers,;(.Bacsi and Colebatch, 2005; Kristjrnsdottir et al., 2001; Colledge
et al., 1994; Lord et al., 1991).have concludedathat individuals were more dependent on
proprioception than on vision to gnaintain lbalance and (ol safely aceomplish the majority of
activities of daily living, but must integrate’information frem multiple sensory systems as task
complexity ‘@nd challenge 1o [postural stapilityl/increase. [In' the same way, the ability to
maintain balance requires the integration of vision, vestibular and peripheral sensation,
central coordination and the neuromuscular response (Lephart et al., 1997; Overstall, 2003).
Even though an age-related decline in function can be demonstrated in all parts of this

system and as a result, one of third of population over 65 years falls each year.
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Static and dynamic balance

The balance of the human body in the standing position is frequently divided
into static and dynamic. The term static balance, physiological postural sway, as defined by
Swift (1984) is continuous corrective movements around the center of gravity of a body,
designed to maintain postural control in the upright position while standing still. The term
dynamic balance on the other hand has been discuss by Berg et al. (1989) that is more
useful to describe functional states «of balance: maintenance of a position, postural

adjustments to voluntary movements, and reactions e outside perturbation to posture.

-

Neuromuscular Control and Joint.Stabilization

Muscular activity ands joint m.'otion, performed either consciously, are the
products of multisite sensory inpugwhich is re(.:‘SJl'.ved and processed by the brain and spinal
cord. The perception and execgution of musculépKéletal control and movement are mediated
primarily by the central nervous system (CNS) Ihe CNS receives input from 3 main
subsystems: the somatosensory fsystem; the 'rfﬂféstibular system; and the visual system

#e a2 A4

(Tyldesley, 1989) (Fig 2.1). 2 =

| el

Sensory input

Somatosensory system

The somatosensory system appeassito be the primary contributor of feedback
for postural controliduring quiet stance as compared t0 the visual.and vestibular systems
(Colledge et al., 1994; Lord and Ward, 4994; van Deursen and Simoneau, 1999), as the
postural control system utilizes sensory infarmation related' to.movement .and posture from
peripheral sensory receptors (e.g., muscle, joint, and cutaneous receptors) (Lephart et al.,
2000). The information from somatosensory receptors is integrated in the central nervous
system (CNS) to perceive the sensation of joint position and movement (Diener and Dichgnas,

1988; Lephart et al., 1998).
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The somatosensory system, often referred to as proprioception, functions to
detect sensory stimuli such as touch, pain, pressure and movements such as joint
displacement (Tyldesley, 1989). This system receives input from the peripheral articular and
musculotendinous receptors concerning in muscle length and tension, in addition to
information regarding joint position and motion. Afferent nerves, also referred to as
mechanoreceptors, are located within the skin, in the musculotendinous unit and within the

bone, joint ligaments, and joint capsule (Kennedy, 1982; Tyldesley, 1989; Nyland, 1994).

Cutaneous receptors
-

Cutaneous afferents coniribute minimally=io joint proprioception, while the
contribution of mechanoreceptorss(muscle spindle receptors and joint receptors) is much
greater (Lephart et al., 1998). However, thel‘_ ip_formation of cutaneous receptors provide
supplements the joint position’'sense and moveEm.ent (Lundy-Eckman, 2002). For example, the
cutaneous receptors on the plantar slirface’ of t‘jhed'-foot deliver information about the site and
force of weight-bearing activitigs (Robbins et a-li-.-', 1995, Kennedy and Inglis, 2002; Perry,
2006), and research by Burke et al.{1989) Héé__‘@monstrated that cutaneous receptors

: s

influence muscle activity in the lower extremities.

| el

Articular receptors

Mechanorece;rptors originating in the joint Capsule, bone and ligaments serve
as range limit detectors, sensgors, of joint comprgssion, and potentially provide for extreme
range joint protection by signaling the" presence of noxious intense stimuli (Grigg and
Hoffman, 1982). There are 2 types of artieular mechanoreceptors, quick-adapting (QA) and
slow-adapting (SA), which varybased upan their response to a gantinuous stimulus. Whereas
the QA receptors decrease their discharge near the onset of a continuous stimulus, the SA
receptors’ response is to continue their discharge (Boyd, 1954). The sensation of joint motion
is thought to be mediated by QA mechanoreceptors, while SA receptors may play more of a

role in joint position sense and sensation of changes in joint position (Johansson et al., 1991).
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Muscle receptors

Muscle receptors provide a necessary complementary neural contribution in
addition to the information of joint sensibility from the articular receptors. Muscle spindle and
Golgi tendon sensory receptors (proprioceptors) provide the nervous system with continuous
feedback about the status of each muscle (Kevin et al., 1996). Muscle spindle afferents
respond as a function of muscle length to contribute to joint proprioception. These slow-
adapting (SA) receptors, located within skeletal muscle, maintain a symbiotic relationship
with articular receptors to result in sensation of joini=motion, joint acceleration and joint
position, in addition to sensation'of pain (Grigg, 1975: Baxendale, 1988). Golgi tendon organs
(GTO) located in the tendons neartheir junction with the muscles serve as SA type of afferent
receptor. They are responsibledor sending information about tension in the muscle or rate of
change of tension (Guyton, 1986; \Vander, 1'9’90). The GTO is designed to serve as a

_—

protective mechanism to relax aimuscle-that is %eiqg overstretched (Vander, 1990).
Vestibular system .
i ":..r':-'.! _
The second subsystensupplying the ENS with sensory input is the vestibular

system receives information from the _y_estibules and._s?micircular canals of the ear, which can

be used in 3 different waysin order to maintain body posture. T_hris information can be used to

maintain body posture by cantrolling eye musculature so as to-maintain visual focus when the
head changes position, to maintain upright posture and for conscious awareness of body and

joint position, and metion (Guskiewiexs1996).

Visual system

The visual'system, the third subsystem cantributing to|CNS sensory input, also
contributes to the maintenance of balance. This system provides the body with visual cues for
use as reference points in orientating the body in space. It is generally agreed that, under
normal condition, the somatosensory and visual subsystems are the primary mediators of

balance and postural awareness (Lephart et al., 1998).
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The culmination of gathered and process information

Information gathered by the somatosensory, vestibular and visual system is
processed at 3 distinct levels of motor control: the spinal level; the brain stem; and the higher
brain centers. The spinal level represents proprioceptive afferent connections on to AQL and
especially AY motor neurons for producing reflexes designed to protect joints against
potentially harmful stress. The brain stem processes information from the 3 CNS subsystems
via the cerebellum neuclei for (subconscious) regulation of postures, balance and movement.
The higher brain centers, the cerebral cortex, is‘the only proprioceptive afferent destination
which allows perception. Proprioception at this level IS essential for proper muscle and joint
functions in sports, activities of.@ailydiving, and occupational tasks. The cerebral cortex are
responsible for cognitive programming of musculoskeletal motion (Stillman, 2002; Lephart,
1993; szamsg lAUITTEUENA, 28571)F The culmiha"t'ion of gathered and processed information
results in conscious awarenessiof joint positioriaﬂd joint metion sensibility that contribute to
motor programming, unconAscigus fjoint Stabi‘li'z_gtiaon through protective spinal-mediated
reflexes and the maintenance of posture and bai_qnce (Tyldesley et al., 1989; Lephart and
Henry, 1995; Lephart and Henry, 1996; Yoight and_Co’ok 1996).

Mechanoreceptors , Levels-of motor

control

Peripheral afferents

¢ joint

* muscle

y \ / Spinal reflexes \
* skin

> CNS || — 5| cognitive programming,| | = | Muscle

Visual receptors

Vestibular receptors / \ /

Brain stem balance

Fig 2.1 Neuromuscular control pathways (reproduced from Lephart & Henry, 1996 with

permission)
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Proprioception
Definition of proprioception

A review of the orthopaedic and musculoskeletal rehabilitation literature
identifies many different versions of definitions for the terms associated with joint
proprioception and neuromuscular control. In Goetz’s Textbook of Clinical Neurology,
proprioception is defined as any postural, positional, or kinetic information provided to CNS
by sensory receptors in muscles, tendons, jointsy or skin (Goetz, 1999). Other texts define
proprioception as “awareness of.the positionJand movements of our limbs, fingers, and toes
derived from receptors in thesmuscles, ftendons and joints” (Adums et al., 1997).
Sherrington’s classical definition of proprioception is all neural inputs (afferent information)
originating from joints, muse¢les,stendons, arlydrassociated deep tissue proprioceptors or

mechanoreceptors. These proprioceptive signé_]é are projected to the CNS for processing,

which ultimately regulates reflexes and moter C(i_ntfé)l (Sherrington, 1906).

Another point is" that, prbpriooepiioﬁ refers to conscious and unconscious
vl ok
appreciation of joint position, while kinesthesia i's.';,t{);e sensation of joint motion. Conscious

awareness of joint motion and position_is proper jga_]mg'.fy_nction in sports, activities daily living,

and occupational tasks, while unconscious proprioception mogdulates muscle function and

initiates reflex stabilization(Lephart, 1997).

However, a mare advanced definition ofrthe sensory functions that
encompass human® proprioceptive function ' is! clearly ' needed. These functions were
described as sensation of passive movements, sensation of active movements, sensation of
position, ahd appreciation “or" sensation of position, and appreciation=or sensation of

heaviness and resistance (Ellenbecker and Bleacher, 2004).

According to Stedman’s Medical Dictionary (2000), proprioception refers to
the sense or perception of the position and movement of the body, especially its limbs, and is
independent of vision (Janwantanakul, 2001). Consequently, the term “proprioception” is

suitable for the purpose of this study, used in order to refer the perception of joint position.
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Classification of the senses

Several authors proposed that there are two distinguish types of
proprioception; first, position sensation or static proprioception is defined as the ability to
detect the position of body parts or means conscious perception of the orientation of
difference parts of body with respect to another. Second, movement sensation or dynamic
proprioception is defined as the ability to detect the actual movement of the limb which
includes information about the velocity and direction of movement at which a limb changes its
position (Clark and Horch, 1986; Hogervorst and Brand, 1998; Lephart and Henry, 1996;
Guyton and Hall, 1996). Both-cemponents of proprieception are important for generation of
smooth and coordinated movements,“maintenance of normal body posture, regulation of

balance and postural control, and metor learning and relearning (Pickard, 2003; Tsang, 2003).

.

Contribution of proprioception

_—

),
Postural contiol depends en. the ability to extract peripheral sensory inputs,
integrate this information within the ceniral néfyoUs system (CNS), and coordinate and

% ol

execute an appropriate musculoske_letajlir systemj,,-régponse. It is of particular interest that
proprioception is an essential comQQQ_ent of postlfg;_jigpntrol, providing orientation information
about passive and activrerrvnovements and positions of the joints (Westlake et al., 2007).
Colledge and his colleaguies (1994) studied the relative contributions to balance of vision,
proprioception, and the vestibular system in different age groups. They found all age groups
were more dependent., on .proprioception .than.Vvision., for..the. maintenance of balance.
Camicioli et al. (1997) ‘also=showed that' disruption of “proprioceptive input was the most
important determinant of quantitative balance performance in the subjécts older than 80
years. Thus ‘proprioceptiont may (greatly finfluence! postural’.stability,: and a decline in

proprioception with aging could be associated with the increased propensity of elderly

individuals to fall (Petrella et al., 1997; Westlake et al., 2007).

Additionally, the position and movement sense are commonly linked during
daily activities. Information gained during movement to a position may help localise the end
position, while information gained about the start and end positions can be used deduce

features of the interposed movement (Stillman, 2002). Several researchers stated that
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proprioception has great importance in avoiding unphysiologic joint movements such as
extreme extension and flexion positions (Haus et al., 1992; Krauspe et al., 1992; O’ Connor
and McConnoughey, 1978). Therefore, joint proprioception is a kind of injury prophylaxis (O’
Connor and McConnoughey, 1978). But proprioception is also very important in coordinating
complex movement systems (Hasan and Stuart, 1988; Hufschmidt and Sell, 1990; Prochazka,

1986; Ring et al., 1988; Sainburg et al., 1993).

Anatomical and Physiological of Mechanoreceptors

Scientists have-identified mechanoreeeptors in both animal and human tissue,
and there appears to be a wide.distibuiion|throughout the body. Mechanoreceptors have
been identified in the shouldergknee, and ani"_(le joints, as well as in their musculotendinous
attachments and the overlying €utangous layer (Lephart, 1993). They are located in skeletal
muscles, joint capsule, tendons, and li.gamer;;s iand skin (Grigg, 1994) (Fig 2.2) derives

proprioceptive sensation peripherally. They are stimulated by mechanical deformation of the

receptors themselves or of tissues adjacentl_f'gq them. Then transform this mechanical

deformation into neural signals. et 220
o ; ;f‘-,}.;;—‘.

W p
V7
e .l
i o

Joint I Muscle Tendon Skinm
receptors o spindles organs receptois

v

Corollary discharge
Central motor
receptors processing / l
Perception of head Perception of body Proprioceptive sensation To musculature
in space in space e

Fig 2.2 Diagram of the origin of proprioceptive sensation (modified from Schmidt 1986)
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Proprioceptive information, also called “corollary discharge” (Gandevia, 1996),
is a part of the command signals, destined for the muscles and gives feedback into the

perceptual regions in the brain (Sperry, 1950).
Skeletal Muscle Mechanoreceptors

Voluntary muscles can be divided into two main kinds of muscle

mechanoreceptors. First, the muscle spindles are typically found in skeletal muscles (Barker,

1974, Carpenter, 1990). Second, 5 (GTOs) or neurotendinous spindles

are mostly situated at the musc -aponeurotic junctions of extrafusal
muscle fibres with the rest | 1974: Moore, 1984). The number,
density and location of th a tensively among and within
muscles (Gandevia, 1996 ions of the muscle spindles

and GTOs are summarized i

AU INENTNEINS
RINNTNUNINYAY
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Table 2.1 Anatomical characteristics and actions of the muscle spindles and GTO

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

Mouscle Spindle Golgi Tendon Organ
Receptor e fluid-filled capsule built around 3 to 12 e encapsulated sensory receptor
Appearance intrafusal muscle fibres
Location o parallel to the extrafusal muscle fibre o lies in series between extrafusal
muscle fibres and tendons
Type of Intrafusal ivided i none
Fibre '
Motor
Innervation
Sensory
Innervation
Ending
Characteristics
Adapting Rate
Receptor Area
Activation produced by contraction
fusal muscle fibres or by
force during passive

ent

. tgeuﬁﬁm.&m;;ﬁwmmm e o

other hand, consist of both slowly and rapidly adapting receptor ieomponents. Slowly
adapting reapw a@ﬁlmuﬁ% unwu’uvgg %B@ alc%J as at the time,
they are stimﬂlated. However, rapidly adapting receptors are the receptors that generate
impulses during the movement, and then stop after approaching the new position cease
within the first few seconds. Thus, slowly and rapidly adapting receptors are expected to
signal joint position and movement, respectively (Clark and Horch, 1986; Lephart et al.,
1998b). They can relay information about joint position. Even when a brief subtle muscle

contraction activates at an insufficient level to produce noticeable joint movement. Transient
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signals plus a good memory of joint position may serve well to provide information about

position of a joint (Clark and Horch, 1986).
Contribution of Skeletal Muscle Mechanoreceptors

Muscle spindles are complex receptors that are located in the belly of skeletal
muscles. They are fusiform in shape and their average length varies between 2-4 mm
(Kandel, 2000). Muscle spindles are attached to extrafusal fibers in parallel and function
as stretch receptors. They detect length as well @assrate of change of length of the muscle
fibers (Guyton, 1991). Muscle spindles are highly sensitive receptors that produce receptor
potentials in response to as low as«100 micro:rneters change in the length of muscle (Kandel,
2000). However, whether this.ghange in'length is perceived eonsciously or not is unclear.

|

Morphologicallyy spindles: are  specialized encapsulated intrafusal muscle
fibers innervated by sensory'and meotor nerve eﬁdlngs (Gray, 1980). The central or equatorial
region of the spindle is supplied by group Ie‘Ij afferent fibers. These are concerned with
position or static stretch as well as velomty e}nd acceleration responses of a rapidly

vl ok
adapting dynamic or phasic naturg, Group |l affé_a{ent fibers supply the part of spindle

adjacent to the equatorial portion;._T_hey are ass_i)_gi'a_tgzd with static or maintained stretch

producing a continuous_tonic response (Gray_,v 1980; Kand_ei,_ZOOO). The efferent fibers

for muscle spindles origmate from gamma motor neurons. These neurons regulate the
dynamic and static sensitivity of muscle spindles (Dewalde;, 1987). As a result of their
neurophysiological properties, the muscle spindles are believed-to be suitable candidates to

signal both position‘and 'movement sense:

The GTOs also have both static and | dynamic respanses. increasing in the
tension of tendon fibres during muscle contraction help the GTOs be stimulated more
effectively than slow passive stretching (Gandevia, 1996; Moore, 1984; Stephens et al., 1975;
Stuart et al., 1970). In other word, the GTOs are sensitive to changes in contractile force
(Jami, 1992). Accordingly, the GTOs are believed to have a predominant role in signaling the
sense of force or load, particularly that produced by contractile elements (Clark and Horch,

1986; Gandevia, 1996; Matthews, 1988; Proske et al., 2000; Rymer and D’Almeida, 1980).
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To summarize, there are several experiments that support the importance of
muscle mechanoreceptors, especially the muscle spindles, in subserving proprioceptive
information, both position and movement sense. First, stimulation of muscle
mechanoreceptors by mechanical pull, vibration or electrical stimulation induced the illusion
of joint position and movement. Second, proprioceptive acuity is reduced after the elimination
of the contribution from muscles receptors by nerve block. Third, tightening the muscle acting

on the joint improves proprioceptive acuity.

ut not least, the awareness of joint position

and movement still remains after

mechanoreceptors. The CNS rsh;p

—'

/’nputs from articular and cutaneous

rmation from the lengthening or

rop‘)’ﬂoc

antagonistic muscles in ord ent (Janwantanakul, 2001).

Articular Mechanorece

e-i' ?""l‘:"'."l-" ""Ir s ks
anatomical charactensﬂcs:ind actions of”'acl’ir ty

ﬂﬂﬂ’)‘ﬂﬂ‘ﬂ‘ﬁﬂﬂ?ﬂ‘i
‘-]W’]’Mﬂﬁm UANINYA Y



21

Table 2.2 The general anatomical characteristics and actions of each type of articular

mechanoreceptors (Grigg and Hoffman, 1982; Newton, 1982; Schaible and

Schmidt, 1983; Zimny, 1988)

Ruffini Pacinian Golgi Tendon Free Nerve
Corpuscle Corpuscle Organ-like Ending
Corpuscle
Sensory Unit myelinated myelinated e myelinated ° thmiy
parent axon parent axon and parent axon and myelinated
and 2-6 1-5 corpuscles 4 1 corpuscle parent axon and
corpuscles r > terminal endings
Sensory e groupland T e group I ) eswgroup I e group IIl and IV
Innervation
Adapting Rate e slowly - s _srapidly adapting e slowly adapting e slowly adapting
adapting® & \1
Threshold To e low & ooy, 8 s high e high
Activation y i %
E ; i - - . -
Activation o stretch 4 J* /compression 4 ' e | transverse e noxious stimuli
Ly og' . compression e deep pressure
dd e stretch
44
Fllda

Contribution of Articular Mechano_receptors;'a“

o
[ el

With the identification of these receptor types, and the knowledge of their

function, articular mechanéfeceptors are excited by tension crééted in the joint capsule and
ligaments. They have the.potential to signal proprioceptive information when a joint
approaches the limit,of movement. It appears "that the slowly adapting receptors, which
consist of Ruffini corpuselesiand (GTO like. carpuscle have.the!potential to convey information
about joint position. The rapidly adapting receptors, the, awareness offjgint movement, are
Pacinian corpuscles.| Articular mechanereceptors arep presumed toybe able to provide
information about joint position and movement to the CNS. As a result, this combination of
both muscle and joint receptors forms an integral component of a complex sensorimotor
system that plays a role in the proprioceptive mechanism with transmitting any stress on the
capsule-ligament structures as a joint reaches its extremes of movement (Guanche et al.,

2000; Lephart, 1993).
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Nonetheless, the contribution of joint mechanoreceptors to proprioception,
both position and movement sense is not entirely clear, largely due to the inability to isolate
articular from cutaneous afferent inputs. However, it is shown the combination of articular and
cutaneous afferent inputs can provide information about joint position, especially near the
extremes of movement. In addition, there is evidence suggesting that articular afferent inputs

alone can signal movement sense (Janwantanakul, 2001).

Cutaneous Mechanoreceptors

Various mechanoreceptors are present.in the skin. Merkel’'s discs and
Meissner’'s corpuscles are highly developear encapsulated receptors commonly found in
glaborous skin (Latash, 1998) Paginian Corr?uscles are large encapsulated fast adapting
receptors that are activated y deep pressurel.and quick stretch of the tissue (Eldred, 1967).
These are abundant in thegsolgs of thé feél"eind may influence posture, position and
ambulation (Quilliam and Ridlgy, 1971). "Increaié;_ed;discharge from cutaneous receptors was
observed at the limit of the physiological ré;'}ge; of movement of interphalangeal and
metacarpophalangeal joints of the hand &nd due”*to mechanical deformation of skin around
these joints in six healthy young é’dul-ts (Burkefgé_{_“al., 1988). Birmingham et al. (2000)

o

demonstrated significant improvement in proprio.c"e-ﬁﬁ"c;ﬁ (o< 0.05) at the knee joint following

the application of neopré@ sleeve. Similarly, a dramatié"i[icrease in proprioception
(p < 0.001) due to the use of‘_an elastic knee bandage observed by Barrett et al. (1991) may

have resulted from augmented-scutaneous input.
Contribution of Cltaneous-Mechanoreceptors

It has been, long= Kknawn* that) cutaneous| mechanereceptors have an
exteroceptivefrole (touch, light touch, pressure-touch, pain and temperature). The skin is
stretched on one side of the joint, and compressed or folded on the other, when a joint is
moved. This may lead to stimulation of mechanoreceptors lying in cutaneous tissue

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

Janwantanakul (2001) proposed that cutaneous mechanoreceptors play an

important role in signaling proprioception. During movements some particularly slowly
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adapting receptors most cutaneous mechanoreceptors are activated and response to static
joint positioning. Recently, the perception of joint position and movement are produce by
electrical or mechanical stimulation of the skin around and over the finger joints.
Proprioceptive acuity is improved by the application of type or brace, which is believed to be
the result of enhanced cutaneous afferent inputs from an excessive skin stretching and/or

compression.

Assessment of Proprioceptive System Functions

Objective assessment of proprioception=is important due to its functional
implications as well as its role insdeiecting neurological and musculoskeletal pathologies.
Nevertheless, there is currentlyweryditile’ information available regarding the measurement of

ankle joint position sense. No left-right ¢omparisons or test-retest measurements have been

_—

reported (Lephart, 2000). L 4
4

Assessment of motor pathways'
£
vl ok

Assessment of joint p,r_oprjoception'_,ig;_gjvided into 2 components: kinaesthesia

and joint position sensibility. Kin@_qgthesia is a_sgg,gged by measuring the threshold to

detection of passive motion, while joint position sense is és_sessed by measuring the

reproduction of passive positioning and the reproduction of active positioning (Lephart, 1996;
Skinner, 1984; Smith, 1989). In order to minimize the contribution of musculotendinous
mechanoreceptors (muscle spindles .and ,Golgi-tendan.organs). in-providing the CNS with
information regarding' limb 'position"and=movement, the=threshold“to detection of passive
movement and reproduction_of passive positioning are‘conducted at a slow angular velocity
(0.5 to 2 degrees perisecond) (Lephairt, ©1996). The (passive-'natune lof-this assessment
procedure is thought to selectively stimulate Ruffini or Golgi type mechanoreceptors in the

joint.
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Assessment of the ability to perceive joint position

Measuring joint position sense requires the subject to match a set of index
angles set by investigator, and this requires a precise method and accurate registration of
limb motion (Lephart, 2000). However, there are essentially no standard protocols for
measuring joint position sense or for joint replication tests, and so many measurement,
starting reference angle, active or passive reproduction, and open chain (seated) versus
closed chain (standing) (Friden et al, 2001)./ Bernier and Perrin (1998) conclude that
assessment of proprioception in a.manner would-Caembine the use of joint, skin, and muscle
mechanoreceptors rather thansselectively assessing-eaeh. Further to this they recommend
that joint position sense may be_measured at clinically relevant velocities in weight bearing.
Lattanzio and associates (Lattanzio.et al, 1997) and Marks and Quinney (1993) used closed
chain weight-bearing joint repli¢ations and_reported high degree of accuracy. Their results
may be due to the fact that there'is greatert.;‘)rqprioceptive input in the standing weight-
bearing position in which multiplefjoints are beir:g IQa_ded (Ellenbecker and Bleacher, 2004).

The assessment of the""ability:"{bf;Qerceive joint position is a test that
quantitatively examines the ability of:'—‘an -individue]r;:ff(;af;eplicate a predetermined (target) joint

position that has been previousl}';demonstratéd-,qt_érmed the “repositioning test”. The

repositioning test is genéré’qused to evaluate position sense at various joints, such as the
shoulder, elbow, wrist, hip, rl‘{_nee and ankle joints (Beynnon eﬁtr al., 2000; Borsa et al., 1994;
Friden et al., 1996; Gandevia, 4996; Hogervorst and Brand, 1998; Jerosch and Prymka, 1996;
Lephart et al., 1997;"McCloskey, .1978)., The testing procedureinvolves two separate steps.
First, an examiner presents a target position to a subject. Second, a subject indicates the
joint positiony perceived™(Clark and!Horch, 11986). The difference between the actual and
replicated angle can be calculated as either an absolute or a real angular error. With absolute
error only the magnitude of the error is used and whether the subject over- or underestimates

the reference angle (Beynnon et al., 2002).
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Active/passive movement

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

either told to stop or a mechaniealstop is reached.

In “passive .repositioning” tecihnique, after reaching the target position, a
subject is asked to rememper the position w%)ilg the limb is sustained in the position for a
period of time. After that, thedimbis/moved av.iag/ either actively or passively from the target
position to the either starting position or-‘a rand'bn‘i: pasition. To indicate a perceive position,
the limb is passively moved toward the: targei%‘-':-;:;bsition. A subject is then instrumented to
inform an examiner or manipulate a switcﬁ to sté@t”'_a-‘rpechanical arm when they feel the limb
has regained the target position. For “-active r]e:éb:_é_ti‘tioning” technique, a subject actively

moves the limb back to theitarget p:o—s"i—t-ion (Janwaﬁt'a-lﬁ'algul, 2001):

Andrew et ali (2004) reported that testing for. joint position sense involves
passive movement of the extremity, as well as Lephart et al. (1997) claimed that the
repositioning test withppassive~moyvementy maximally fevaluates she contribution of joint
mechanoreceptors to, proprioceptive acuity . Similar to Janwantanakul's statement deduced
that testing withspassive-movementwould, maximally-evaluate, the, proprioCeptive contribution
of joint receptors should be Viewed “with" caution (Janwantanakul,’ 2001). While the
repositioning test with active movement provides a more functional assessment of
proprioceptive acuity. Functional activities are normally performed with active movement or
muscle contraction. Therefore, testing with active movement may be more functionally

relevant (Andrew et al., 2004).
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Factors Effecting Joint Proprioception

Table 2.3

Factors Effecting Joint Proprioception

1. Joint hypermobility 4. Ethnicity 7. Muscle fatigue
2. Age 5. Gender 8. Articular injury
3. Hand dominance 6. Exercise 9. Peripheral neuropathy

1. Joint hypermobility

General ligamentous.laxity résulting in_an increased ROM is called “joint
hypermobility” or “laxity” (Mallikeet aly™1994). Joint hypermebility is associated with hereditary
connective tissue syndromes such.as Ehlers-lj'anlos syndrome, familial articular hypermobility
syndromes, Marfan’s syndrome, osteogenesiéj'ﬁwperfecta, Larsen syndrome, Desbuquois’
syndrome, skeletal dysplasia awith predominé‘pt ‘joint laxity, and dwarfing dysplasia with
variable joint laxity (Beighton'et al., 1989),  The P_;ngpton scoring system is the most common

scoring system, ROM, using in"evaluating.the joiﬁt"J’Lypermobility (Beighton et al., 1973).
Jaied ety

Joint hypermobility h._as rbeen dem;ois't(_ated to affect proprioception at various
joints (Barrack et al., 19833; Hall et aI 1185 Maliik eqt al., 1994). VTwo hypotheses have been
proposed for decreased rﬁr;qprioceptive acuity in a hypermobile joint.  First, a hypermobile
joint may possess defects in' the capsule-ligamentous structures and a decrease in muscle
tone leading to a distuption of preprioceptive sigrals into the CNS (Allegrucci et al., 1995;
Hall et al., 1995; Mallik ket al., 1994). |Second, if proprioceptive [testing, hypermobile joints
have more reduce tissue tension and, consequently, a decrease in propfioceptive signal than

those of non-hypermabile joint at the end ROM (Allegrucci et al., 1995; Blasier et al., 1994;
Mallik et al., 1994).

2. Age

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

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

proprioceptive acuity in boys aged between 5-14 years.

After reaching maturity, sensory jimpairment such as diminished vision,
hearing, olfaction and taste oecurs commonly” with aging, which also affects the
somatosensory system. Advancing age has the potential to affect the function of
mechanoreceptors situated in_neural” tissues, muscles, skin and joint structures, thereby
altering proprioceptive acuity.4nhdeed; a decline in proprieception with increasing age has
been shown in various joints (Afttfield et/al., 1996'; Ashton-Miller, 2000; Barrack et al., 1983c;
Barrett et al., 1991; Ferrell'et aly, 1992; Hearn %t al., 1989; Hurley et al., 1998; Kaplan et al.,
1985; Lord and Ward, 1994;Pai gt al, 1997, Petrella etal,, 1997; Skinner et al., 1984).

Rl /N

There is a research suppf)'rting the}’efieﬂct of aging on proprioception, showed
proprioceptive deterioration in osteoér’thritio (OA)iyalnis, a condition which occurs commonly
in the elderly (Barrack et al., 19836;— :'Brarrett et aI?,I 19491 Garsden and Bullock-Saxton, 1999;
Hurley et al., 1997; Koraléy;vi'cz and Engh, 2000; Marks et al., ﬂ993; Sharma et al., 1997). To
explain proprioceptive impai;rment in the OA"joint, several hypotheses have been proposed.
proprioceptive deficit in the OA4eint may be a résult of destruction of articular receptors in

joint structures (Barrack.eti al., 4983¢)  or may (be due to laxity of the joint capsule and

ligaments caused by loss of cartilage andgdbone height (Barrett et al., 19941 )

Another hypothesis has attributed proprioceptive impairmentin the OA joint to
a decline in muscle spindle sensitivity (Hurley et al., 1997). This hypothesis proposes that
abnormal sensory inputs to the CNS which, in turn, inhibit - and Y-motoneurone activation
may come from articular damage, which is result of muscle weakness and poor
proprioceptive acuity. This phenomenon would result in muscle weakness and poor
proprioceptive acuity, respectively. In summary, previous studies is that aging point out likely

to have a significant effect on proprioception.
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3. Hand dominance

The right and left sides of the brain stem and spinal cord control physical
asymmetry between the right and left hemispheres (Koff et al., 1986). The specialization
between the right and left limb may come from asymmetry of the CNS. The right side of the
body is controlled from the left hemisphere, which is superior of complex motor operation
such as speech, fine temporo-sequential motor activities. The left side of body controlled
from the right hemisphere, which is superior for the processing of visuo-spatial-perceptual
information (Bradshaw and Nettleton, 1983; Tucker.and. Williamson, 1984). Shimoyama et al.
(1990), Todor and Kyprie (1980);Van Emden (1994) showed the example, performance of a
simple motor task such as fast tapping s superior with the right limb than with the left limb.

|

No differencefin proprioceptive ia_cuity petween the right and left limbs has

been found in the previous studies. _g
-';. 4
4. Ethnicity

The transmission jproperties of"j‘{_!l'ﬂ_e. NEervous system are not affected by
difference in ethnic backgrounds. For e>£ample, t#éfiéj_jis no difference has been found in the
nerve conduction velocity-between blackand Whitfé'-gﬁ-bjects (Buschbacher and Koch, 1999).

As a result, before a final*goncitsion regarding the effect of 'ethhicity, research involving a

large sample size is required'.
5. Gender

Someicontroversy remains, whether gender affects proprioceptive acuity and
evidence for|the effeck, of “gender, on| proprioceptive lacuityis‘ fariifom conclusive. No
difference from several previous proprioceptive studies at the knee joint were reported in
proprioception between males and females (Barrack et al., 1984; Barrett et al., 1991; Friden
et al.,, 1996; Hall et al., 1995; Jerosch et al., 1996a). Therefore, the effect of gender of

proprioception still remains to be elucidated.
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6. Exercise

A number of researchers in various groups of athletes have examined the
effect of regular exercise on proprioception. Several studies have reported enhancement of
knee proprioceptive acuity in athletes or following regular exercises (Euzet and Gahery, 1995;
Lephart et al., 1996; Petrella et al., 1997). In Petrella et al. (1997), an improvement in knee
proprioception, measured by the repositioning test, in active elderly subjects compared with
sedentary controls has been found. Their findings ,of greater proprioceptive acuity following
exercise to a number of factors have been attributed. First, competitive athletes with innate
superior proprioception may be-selected (Allegrueei-etal;, 1995; Euzet and Gahery, 1995;
Lephart et al., 1996). Second, exercise causes not only short-term adaptations of contraction
muscles, which the muscle spindlesiand GTOs may be more excitable to stretching following
exercise (Hutton and Atwater, 4992) but also a leng-term, which may allow the development
(hypertrophy) of extrafusal as wgll as intrafusal Fnuscle fibres (Euzet and Gahery, 1995; Maier
et al.,, 1972). Last but not" least, neuromusé:ular_ may be enhancement exercise. The
neuromuscular control via both Central-an:d perié‘tieﬂrél mechanisms may lead to improvement

in neurosensory pathways (Euzet'and/Gahery, 1995; Lephart et al., 1996; Petrella et al., 1997).

| el

7. Muscle fatigue

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

coupling and the avajlability'ef metabolic-substrates.

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

proprioceptive tests used, fatigue protocol, joint tasted and sample size.
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To explain the effect of muscle fatigue on proprioception, a number of
hypotheses have been used forward in an attempt. Not only are the contractile elements of
muscles but also intramuscular receptors that lie within the fatigued muscle possibly affected
by muscle fatigue. Fatigue has been shown to cause a reduction in muscle spindle
discharge and a decline in responsiveness to stretch of GTOs (Hutton and Nelson, 1986;

Macefield et al., 1991).

Fatigue may cause the desensitization of intramuscular receptors to muscle
tension is another hypothesis for a.decrease in discharges from intramuscular receptors after
fatigue. Consequently, intramUseular receptars may become less sensitive to the stimuli; this
may lead to a decrease in dischafges from intramuscular receptors (Lattanzio et al., 1997;

Voight et al., 1996). \

Fatigue, followed with propnoceptlve impairment also may relate to increased
joint laxity. Muscle fatigue has been shown to sr'lcrease joint laxity (Sakai et al., 1992; Skinner
et al., 1986b; Weisman et al., 1980). “Central fahgue” or changes within the CNS are also
caused by fatigue and defined as. a farlure of voluntary activation of muscle, thereby

]
decreasing maximal voluntary force of=power (G_ndewa et al., 1995). Changes within the

CNS due to fatigue can occur at multlple levels in the motor pathway, including supraspinal

and spinal levels.
8. Articular injury

Freeman et al. (1965) postulated that because the tensile strength of the joint
receptors is less thanthe connective tissues in which they are located, the,receptors must be
damaged when the ligaments or capsules are stretched or'torn. | This damage may result in
functional instability, faulty joint positioning and diminished postural reflex responses (Gross,
1987). Functional instability is defined as repeated injury and/or a feeling of instability and
“giving way” that follows a significant acute sprain of the joint (Bernier and Perrin, 1998;

Konradsen and Magnusson, 2000).

Such instability is relatively common following an acute ankle sprain

(Glencross and Thornton, 1981; Lentell et al., 1995; Bernier and Perrin, 1998). Lentell et al.
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(1995) studied proprioception deficits in 42 subjects with unilateral chronic ankle instability
(average age 22 years). The duration of reported instability ranged from 3 months to 16 years
with an average of 6 episodes of recurrent injury. The subject placed his/her foot on the
movable platform that rotated the subtalar joint into inversion from the neutral position (0°) at
a rate 0.3°/sec. In this single blind study, threshold to detect passive movement at the
subtalar joint was measured bilaterally with the subjects in a sitting position. The injured joint
required a significantly greater excurS|on 3.1°) than uninvolved side (3.2+1.8°) before

t Q& 00) observed significant differences
(p < 0.05) in the error between t d an unlﬂéﬁ int of twenty-the young adults for
passive to active reproducho Ia1§)|nt ]SBETﬂUH-Measurement of proprioception in

anterior crutiate ligament defiCie '
and impaired function (Bar e _‘).

the motion was sensed. Konradsen and M

dgmonsl%eterioration of proprioception

Mechanical Instability
Funetional Instability '
T Dynamic Stabilising System

|| s~
J Neuromuscular Contrq=-l - |

Muscle Fatlgue

’W@v‘ﬁ F Jﬂﬁﬁl

AR, ....

(modifier from Lephart and Henry, 1992)

9. Peripheral neuropathy

There is a large body of literature addressing deterioration of proprioception in
people with diabetic sensory neuropathy (Simoneau et al., 1996; van Deursen et al., 1998;

van Deursen and Simoneau, 1999). Simoneau et al. (1996) assessed ankle proprioception in
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a weight-bearing position using the test protocol of threshold to detect passive movement.
Subjects with peripheral neuropathy required significantly greater average displacement in
the sagittal plane at both 0.25°/sec and 0.75°/sec in order to detect the movement (4.6° and
3.9° respectively) whereas the control group needed 1.7° and 1.4° of displacement

respectively. There was no attempt made to eliminate input from cutaneous receptors.

Van Deursen et al. (1998) applied the same protocol but attempted to
eliminate plantar cutaneous receptor input by applying a foot clamping device that was fixed
on the dorso-lateral aspect of the foot to passively control the movement of the ankle at a
velocity of 0.75°/sec. A total 0f'61 subjects Were divided into 4 group s as follows: severe
diabetic neuropathy, mild diabetie'heuropathy, no diabetes and diabetes without neuropathy.
The average threshold required fof perception of movement was 1° for the non-diabetic
group, 2.5° for the diabetic groupswith/no neQerathy, 3° for the mild diabetic neuropathy
group, and 5.8° for the severe diabetic neur'_é)pa_thy group. The differences between the
groups were significant (p </0.05) and_co_nsiste'ﬁt__yvit_h the findings of Simoneau et al. (1996),
Richardson and Ashton-Miller {1996) used-the sgrrle protocol to test perception of inversion

and eversion movements of the ankle.ina Weight—@éﬁng position. This study demonstrated a

loss of proprioception in older subjects-with non-diabetie neuropathy.

Falling

The somatosensery system and, specifically, the proprioceptive system, are
critically involved inithe sensory cantrol of balance! (Ribeiro iand Oliveira, 2007). Colledge et al.
(1994) studied the relative contributions @f vision, proprioception, andvestibular system to
the balancefin different age'groups..They.found that all age groups wefe more dependent on
proprioception than on vision for the maintenance of balance. Thus, impaired proprioception

could be a contributing factor to falls.

Falls are among the most common and serious problems facing elderly
persons. Falling is associated with considerable mortality, morbidity, reduced functioning and
premature nursing home admissions (Brown, 1999; Nevitt, 1997; Robbins et al., 1989;

Rubenstein et al., 1994; Tinetti et al., 1986). Falls are generally result from an interaction of
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multiple and diverse risk factors and situations, many of which can be corrected. This
interaction is modified by age, disease, and the presence of hazards environment. Especially,
impairments in sensation, strength (force-generating capacity of a muscle), reaction time,
vestibular function, and vision occur with aging and are believed to collectively contribute to
the increased likelihood of falling (Lord et al., 1999; Lord and Sturnieks, 2005; Lord and Ward,
1994).

Risk factors for falling

1. Intrinsic factors. that is Icl'wer extremity weakness, poor grip strength,
balance disorders, functional ands«eognitive irﬁpairment, and visual deficits.

2. Extrinsic taetors#that: is pPlypharmacy (i.e., four or more prescription
medications) and environmental faciors suchJ’ as poor lighting, loose carpets, and lack of

bathroom safety equipment.

Although investigators have not used consustent classifications, The American
Geriatrics Society, British Gerlatrlcs Somety, and American Academy of Orthopaedic

Surgeons Panel on Falls Prevention studies rank_eg;the risk factors and summarized the

relative risk of falls for person with each r:isk factqr:j(IqéQIe 2.4). There appears to be both the

intrinsic and extrinsic factors as important as risk factors-for fal[i._ng. The factors that primarily

considered as fall risk, b'a"s"'éd on muscle weakness, history offf’a'llls, gait deficit and balance
deficit with respective rangé-at 1.5-10.3, 1.7-7.0, 1.3-5.6, and 1.6-5.4 times. Other risk factors
are becoming fall risk, which included use assistive, device~visual deficit, arthritis, impaired
ADL, depression, cegnitive “impairment,“and" adult over the ‘age ‘of 80 years (American

Geriatrics Society,.2001).
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Table 2.4 Result of Univariate Analysis of Most Common Risk Factors for Falls Identified in 16

Studies that Examined Risk Factors

Risk Factor Mean RR-OR* Range

Muscle weakness 4.4 1.5-10.3
History of falls 3.0 1.7-7.0
Gait deficit 2.9 1.3-5.6
Balance deficit 29 1.6-5.4
Use assistive device 2.6 1.2-4.6
Visual deficit H 26 1.6-3.5
Arthritis 2.4 1.9-2.9
Impaired activities of daily living ! IS 1.5-3.1

Depression | ‘;f2.2 1.7-2.5
Cognitive impairment 4 ,; 1.8 1.0-2.3
Age > 80 years e S 1.1-2.5

i *dia
* RR = Relative risk ratios, OR = Oddsatios 2l

Aging

Aging is a h_ormal biologic process. All multicellular organisms undergo
changes with time. The prdéression of development, reprodL;ctive maturity, and aging has
been extensively investigated in the biologic/sciences. Most physiologic functions do decline
with age but different'extents, and there are several theories as to why the aging process

occurs.
The physiologic changes of aging
Muscle Spindle: Anatomical and Physiological Aged-Related Change

Aging is associated with functional and structural changes in somatosensory
systems (Shaffer and Harrison, 2007). The somatosensory receptors responses to perceive

the sensation of joint position and movement (Diener and Dichgnas, 1988; Lephart et al.,
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1998). At the peripheral level, the construction of proprioception is based on the cumulative
neural input from mechanoreceptors (articular, muscular, and cutaneous receptors). Several
studies reported that advancing age cause a decline in structural modifications within
articular, muscular, and cutaneous receptors (Ribeiro and Oliveira, 2007). Table 2.5 provides

a summary of anatomical and clinical changes to proprioceptive somatosensation.

Studies using animals and humans showed anatomical and physiological
age-related changes in muscle spindle resulting in.muscle spindle decline: a study using rats
described an age-related changes structural ‘ef.musele spindle which can be seen in
decreases in the total number ofintrafisal muscle fibers and nuclear chain fibers per spindle,

and increases in spindle capsulesthiekness (Kararizou et al., 2005; Liu et al., 2005; Miwa et

al., 1995; Swash and Fox, 1972): i

Swash and Fox (1972) reported~that aged human muscle spindles exhibited
increased spindle capsule thieckngss and a Ioss’ of total intrafusal fibers per spindle. Besides
that, these spindle modifications may be-the result of denervation, because spherical axonal
swellings, expanded motor end plates and group denervatlon atrophy can also be observed

sLhd
on skeletal muscle (Swash and Fox, 1972) Fhe=h fn_d"ngs of a recent study by Kararizou et al.

-

(2005) suggested that muscle splndles exhibited deollned in thefnumber of intrafusal fibers in

the deltoid muscle with the smallest quantity of fibers seen in an 1nd|V|dua| who was 82 years
of age. In addition, Liu et al./(2005) identified that three myosin heavy chain protein content
had modified expression in aged muscle spindles when compared to those from young

subjects.

[he eonelusions+fram thesesstudiessuggest;that proprioception decreases
with aging is in the part because of changes in muscle spindle function. [A~addition to that,
advancing age leads to deficits in the processing of sensory input (myelin abnormalities,
axonal atrophy, and declined nerve conduction velocity) and neuromuscular performance
decline (Behse et al., 1971; Hashizume and Kanda, 1995; Sharma et al., 1980; Verdu et al.,
2000). However, no study was found that examined age-related changes in the Golgi tendon

organ (Ribeiro and Oliveira, 2007; Shaffer and Harrison, 2007).
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Table 2.5
Proprioceptive Somatosensation: Age-Related Anatomical, Physiological, and Clinical Changes
Model Muscle Spindle Changes Articular Receptor Changes Clinical Proprioception
Human Increased capsular thickness y inalljoint receptor types in v JPS in the great toe
¥ number of intrafusal fibers coracoacromioclavicular v JPS ankle in weight
V¥ spindle diameter in deltoid and ligaments in patients bearing and non-weight
extensor digitorum brevis undergoing shoulder bearing
muscles; no changes in arthroscopy ¥ JPS in the knee in partial
quadriceps femoris or biceps weight bearing but not full
muscles weight bearing
¥ number of total intrafusal.fibers - ¥ JPS in older adults with
and chain fibers in biceps knee osteoarthritis
muscle; no changes.intthe . No changes in hip JPS
number of bag fibers ]
Modifications in myosin heavy, .;"
chain content ,.i
Alterations in distal sensory axons dd,

*JPS = joint position sense

= .J'!J

lll-"

Articular Receptors: Anatomical and Phys_i?/pg[qa/ Aged-Related Change

Only 2 studfes—wefe—found—th-at have—ecritically  analyzed the relationship
between the aging process and structural modifications within articular receptors. The
studies reported a declineqin the numbers of Ruffini’s, paéinian, and golgi tendon like

ligament receptors aeross age groups (Morisawa;1998; Aydog et al.;12006).
Cutaneous Receptors: Anatomicaland Physiological Aged-Related Change

Consistent with the anatomical findings of declining cutaneous receptors with
age, multiple studies (Perry, 2006; Verrillo, 1979; Verillo et al., 2002; Bouche et al., 1993;
Inglis et al., 2002; Wells et al., 2003) have demonstrated that older adults lose vibratory
sensation with age and that vibratory testing should be considered when screening for distal
sensory impairments in older adults (Table 2.6). Additionally, a degradation of tactile acuity in

aging may be clinically meaningful in that a recent study identified that the loss of 2-point
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sensation in the plantar aspect of the toe was significantly greater in “fallers” than in

“nonfallers” (Melzer et al., 2004).

Table 2.6

Cutaneous Somatosensation: Age-Related Anatomical, Physiological, and Clinical Changes

Model

Pacinian Corpuscle

Meissner's Corpuscle

Clinical Cutaneous Testing

Human

¥ number with increasing age

v Vibration perception
thresholds and perceived
magnitude of vibration at
frequencies that activate

pacinian channels

* concentration with increasing
age

¥ size and numbér with
increasing age

w-numberin the-fingerand

impaired touch threshelds

Diminished vibration perception
threshold testing

Diminished monofilament
testing

Diminished 2-point

discrimination testing

1
Evidence of ProprioceptiontDeterioration with f\ging

The actual knowledge about agé“ ef_feots on proprioception is based on cross-
sectional studies comparingpropriogeption’in éiﬁerent age groups. Those studies assessed
proprioception by measuring JPS and/-qf}[he se‘r}iéi 6f movement, but the methodology used
was different between studies: It/ is ‘dmportant .t_Q} note that, although using different

methodologies, the sense of results led ta similar ’q:)_nglusions.

Propriocebt_‘froﬁinvolves central and peripheral b’qfnponents. At the peripheral
level, the construction is bésed on cumulative neural inputirfrom mechanoreceptors. The
central component involves internal feedback lgeps that transmit information between and
within sensory and mators area. The relative contribution;of the central and peripheral level is
not established, but it'is reasonable to expect that the declines in proprioception found in old
age subjects, could be related ito both centralland peripheral changes (Ribeiro and Oliveira,
2007). Consequently, the term “peripheral components” is suitable for the purpose of this

study.

The studies regarding the effects of aging on proprioception were conducted
by Barrack et al. (1984), who investigated the knee joint, concluded that young members of a

professional ballet company had significantly better threshold of perception of joint motion
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than healthy, active age-matched control group. Skinner et al. (1984) investigated the effect
on knee proprioception under passive movement (threshold of detection of joint motion and
the ability to reproduce passive knee positioning) and observed that older subjects had

poorer proprioception in both tests compared to younger subjects.

In the same way, Kaplan et al. (1985) assessed the age-related changes in
proprioception using two techniques that required active movement (ipsilateral and contra-
lateral active repositioning) and found that older subjects had reduced proprioception

compared to younger subjects.
-

The current literature involving aging and lewer-extremity proprioception also
provides evidence that proximal jointsmay; rtotI be affected to the same extent as distal joints.
Verschueren et al. (2002) examipéd dynamic iJPS for passive ankle plantar flexion tested at
various velocities (15°, 20°, 25°, 30°/s): A totaLof 102 older (mean age = 62.5 years) and 24
young (mean age = 21.7 years) men completed the proprioceptively controlled task reached
the prescribed target angle. The oldest Category ‘of adults (70 years of age) exhibited
significantly greater (p < 0.05) dewatton from {he speolﬂc target angle and variability in

performance when compared W|th younger aat—ﬂts Adults aged 60 to 70 years also

demonstrated increased variance in performance but were no different from younger adults

in their ability to reach the presombed target angle Slxty -five of the older adults and 15 of the
younger adults were retested while also having vibration (@O Hz) applied to the tibialis
anterior tendon. Vibration resultediin a marked in¢rease in positioning errors for older adults,
but not young adults, suggesting (that the age-related decline in dynamic JPS was a
combination of reduced cutaneous and gpindle function. Finally, the authors analyzed the
effects of knewledge of.results practice and.determined!that! both younger'and older adults
significantly improved (p < 0.05) following practice trials. These findings demonstrate that

dynamic JPS may improve in older adults who undergo focused practice.

The studies regarding the effects of aging on dynamic position sense were
conducted by Madhavan and Shields (2005), who expanded on this testing protocol by
testing velocities from 10° to 90°/s. The investigators also included measures of balance

(single-leg stance time), electromyographic (EMG) muscle activity, and self-report of function
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(36-ltem Short-Form Health Survey questionnaire [SF-36]). Older adults had decreased
dynamic ankle JPS, and proprioceptive decline was strongly associated (R2=.92) with single-
leg stance time (eye closed). Furthermore, elderly participants had co-contraction of the
plantar flexors and dorsiflexors throughout the passive proprioceptive positioning task.
Increased EMG activity was not seen in younger adults, and the authors hypothesized that
older adults’ inability to relax may have been a mechanism to increase sensitivity or “gain” in
the muscle spindle. These findings are consistent with previous research showing that co-
contractions about the ankle serve as a compensatery.strategy for elderly people to maintain

postural control (Benjuya et al., 2004).

Throughout Ribeiro™ and: Oliveira’s review. (Ribeiro and Oliveira, 2007), for
ankle position sense Robbins.et als (1995) déscribed an age-related decrease of about 3°
(angular error of estimation incgeased from 3.448%in the young adults to 6.548° in the elderly).
Similarly, You (2005) found differences of 47.5‘3;;0 in the joint ankle reposition between young
(median age: 22.2 years) and aged (m_edian ag’_je_;j?fﬂ years) subjects. Barrack et al. (1993)
estimated this reduction in alboul 6.54% Yan a"L-)"dq.Hui—Chan (2000) showed that the joint
detection threshold was 50% higher.‘in-older su@e‘t’s (aged 57-77 years) than in younger

subjects (aged 25-35 years) for both knee extensidn'-'énd flexion movements.

There is eﬂ/i:avence that the amount of weight beérinrg may influence the level of
age-related proprioceptive dfécline for the knee.'In"a study by Bullock-Saxton et al. (2001), for
example, errors in knee JPS during full weight bearing did not differ between young (20-35
years), middle-aged (40-55/years), and older! (60-75 years) participants with normal lower-
extremity function. The lack of a change with age may reflect that weight bearing maximizes
afferent inpat from multiple, joints and all types' of proprioceptars (jeint receptors, muscle
spindle, GTO, and cutaneous input). When subjects were tested in partial weight bearing
(30% of full weight bearing), there were differences (p < 0.05) between older adults and
participants in the middle-aged and young groups, implying that accuracy of knee JPS is
weight dependent. Interestingly, multiplanar weight-bearing JPS at the ankle in older adults
(n=46, mean age = 73.12 years) exhibited a significant reduction from young control subjects

(n=10, mean age = 22.20 years). However, JPS at the ankle was not able to discriminate
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between older adults who had not fallen and those with a history of a fall within the past year
(n=22, mean age = 73.12 years) (You, 2005), possibly due to the complexity of issues

contributing to falls risk (Boulgarides et al., 2003).

Ribeiro and Oliveira (2007) reported that several studies showed a
relationship between aging and decline in several aspects of proprioceptive sensitivity,
namely a decrease in joint position sense and an increase in movement detection threshold.
The lower limb, knee joint position sense, and ankle joint position sense are negatively
affected by aging. Similarly, in the upper limb, a.decline in elbow and finger joint position
sense was observed. Movement detection thresholds increased with advancing age,
as shown by the results condugted in the knee (Barrack et al., 1983; Skinner et al., 1984;
Yan and Hui-Chun, 2000), «sankle (Gilsin91 et al., 1995; Thelen et al., 1998), and
metacarpophalangeal and metatarsophalangeél joints (Kokmen et al., 1978). The hypothesis
of a distal-to-proximal loss of proprioception %]SQ IS supported by these studies involving
knee and ankle JPS, in addition to research sho’\:/y/_-iar]gd_tha perception of joint motion at the first

metatarsophalangeal joint was'significantly diffélfgp_g between young and old adults (Kokmen

etal., 1978). S 2 he

L, =

The Role of Physical Agtivity in Proprioception Preservation-during Aging

Recent, there has been widely reported that proprioception declines during
aging process. Few studies have.been conducted to examine the effects of regular physical

activity on proprioception preservation during aging (Ribeiro and Qliveira, 2007).

It ds interesting.to note«that,Pickard-et-al.~(2003) .compared hip JPS in 30
sedentary young sSubjects (mean age"= 21.7"years) and 29 ‘healthy elderly’subjects (mean
age = 75 years) that practiced physical activity 10 (range 3 to 20) hours per week. Both
active and passive hip abduction and adduction JPS were tested, and the results
demonstrated that there were no significant group differences. The authors justified the lack
of differences between subjects because the aged group was physically active. However, the

authors did not compare sedentary aged subjects with active aged subjects, it is impossible
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to affirm that the lack of significant changes between young and aged subjects is because of

the increased physical activity.

Proprioception may be influenced by the level of regular physical activity.
Based on this, Petrella et al. (1997) designed a study to investigate knee joint proprioception
among young volunteers and active and sedentary elderly volunteers. Knee joint
proprioception was measured through reproduction of static knee angles using an
electrogoniometer. Sixteen young subjects (age range, 19-27 years) and 24 elderly subjects
(age range, 60-86 years) participated in the study: The elderly group was separated into
active and sedentary subgroups based on' their level of activity during the past years.
Significant difference in the absolute efror for active to active reproduction of the test position
at knee joint were observed.detwéen young (mean, 2.01+0.46°) and active old (mean,
3.12+1.12° p < 0.001), youngsandisedentary old (mean, 4.58+1.93°; p < 0.001), and active
old and sedentary old (p < 0.08). The authorsico_ncluded that proprioception is diminished
with age and that regular activity may attenuat’_e_?-__thiJs decline. Hurley et al. (1998) observed
similar result in discriminatingyoung (n=20, me,"g;pdége 23 years), middle-age (n=10, mean
age 56 years), and older (n=15, mean-age 72 yeeﬁi&Ubjects demonstrating the sensitivity of

this test at the knee joint. -

Gauchardr e;tval. (1999) investigated the effects of different types of exercise
on postural control and bajance of aged individuals. Researchers chose yoga and soft
gymnastics as proprioceptive sexercise, whichi.consist of slow movements performed
sequentially under different postufal conditions; they compared the gffects of proprioceptive
exercise, bioenergetic physical activities (swimming, cyeling, or jogging); and no exercise on
postural control fin thelelderly peaple. .The |results| indicate jthat muscular strength was
significantly increased in the bioenergetics exercise group, but proprioceptive exercise
appeared to have the greatest effect on balance control. The authors concluded that the
proprioception can be “trained” and that regular exercise of proprioceptive nature might be
beneficial to regain balance. These findings were corroborated by Tsang and Hui-Chan

(2003). The authors demonstrated that long-term (mean Tai Chi experience 10.1+£9.5 years)
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Tai Chi, a Chinese mind-body exercise that puts a great emphasis on the exact joint position

and direction, practitioners had improved knee joint proprioception.

Similarly, Xu et al. (2004) designed a study to investigate the proprioception of
ankle and knee joints in 21 elderly long term tai chi practitioners (mean age: 66.1 years), 20
long term swimmer/runners (mean age: 65.4 years), and 27 elderly sedentary controls (mean
age: 65.6 years). Ankle and knee joints were measured by detecting the threshold of passive
movement (Kinaesthesis technique). This study /showed that long term tai chi practitioners
have better ankle and knee joint kinaesthesis thansSedentary controls ,and also their ankle
joint kinaesthesis is better than regular swimmer/funners. The authors concluded that the
large benefits of tai chi exercise.on proprioception may result in the maintenance of balance
control in older people. Namely'thedecline inl proprioception. with age may be an important
contributing factor to falls in ife elderly: and-this may. be influenced by regular physical

_—

activity. \ 4
Tsang and HuizChan “(2004) eb‘;gém“rhed whether experienced golfers had
attained similar improvement when combéred wuﬂ’: ’fhe tai chi practitioners, as well as healthy
elderly subjects and young unlverSIty student;Researchers using passive knee joint
repositioning test to asseSs joint proprloceptlve aClety and limits of stability test to assess
ability to voluntarily Welght ‘shift within base of support. The result demonstrate that both
experienced tai chi practitiéners and golfers had improved. knee joint proprioception and
limits of stability, when comparedawith those of elderly control subjects similar in age, gender
(male), and physical activity level. Such improved outcome measures were comparable to
those of young male subjects. These findings suggest.that experienced tai chi practitioners

and golfers had impraved joint proprioceptive acuity and dynamic standing balance control,

despite the known aging effects in these specific sensorimotor functions.

Theoretically, older adulthood is accompanied by declines in muscular
strength, coordination, function, and increased risk of falling. Interestingly, the strength gains
obtained from resistance training are the result of both muscular and neural adaptations
(Moritani and DeVries, 1979; Brooks et al., 1996). Based on this, Thompson et al. (2003)

designed a study to evaluate the effect of resistance training on proprioception, community
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dwelling older women completed a three-month exercise study. A resistance training (RT)
group (n=19) underwent supervised weight training three times per week while a non-
strength trained control (NSTC) group (n=19) performed range of motion activities that
mimicked the movements of the RT group without the benefit of muscle loading. Subjects
were evaluated at baseline, 6, and 12 weeks for strength and proprioception. Muscular
strength was assessed by measuring the subject’s one repetition maximum performance on
four different exercises. Static proprioception was measured by the subject’'s ability to
reproduce a target knee joint angle while dynami€ proprioception was measured by the
subject’s ability to detect passive knee mo}ion. The=RT group made significant strength
improvements compared to the*NSTG group. Proprioception significantly improved in both
groups by 6 weeks. The authors suggested_I that improvements in proprioception can be
obtained via regular activity that (s indeperidg—zfnt of heavy muscle loading. This finding
supports the growing consensus that a physica?fley active lifestyle can play a role in preventing

the physical deterioration assa€iated with aging%’and a sedentary lifestyle.

It is interesting™to note that Weéy:{adké et al. (2007) examined the effects of
balance exercises on proprioception (the’duratiorf_érid"frequency of this training program was
held 1 hour, 3 times per week, over 8 weeks) and_-idéntified that short-term improvements in
velocity discrimination (velocity sense) were found in _the balahce exercise group when
compared with values at baseline and in the falls preventiohi education group, may be
achieved following a balance exercise intervention. However, improvements were not
maintained at the 8 weéek {follow:up/1These [findings werecofraberated by Westlake and
Culham (2007). Thesauthors demonstrated that exercise protocol, which emphasizes static
and dynamiey balance exeregises, withstransitionspbetweensdifferentssensany; conditions, the
ability of older adults t0 reintegrate proprioceptive inputs is algmented following sensory-
specific training in short-term. This effect is likely to be attributable to the possibility of an
increase in the discharge of proprioceptive receptors and more probable explanation for this
result is an increase during the training intervention in the attention allocated to
proprioceptive cues. The direct beneficial consequences of these tasks were reflected in

ability of the participants to regain stability, likely by taking advantage of the restored
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proprioceptive information and integrating it with vestibular inputs and other sensorimotor

(Westlake and Culham, 2007).

Additionally, Waddington and Adams (2004) examined the effects of wobble-
board training on ability to discriminate between different extents of ankle inversion
movements in a group of older subjects. The accuracy with which subjects could identify a
set of ankle inversion movements of different extents was measured by the active movement
extent discrimination apparatus (AMEDA), with testing conducted in an upright, weight
bearing stand. Twenty community=dwelling subjects‘aged 65 to 85 participated in this study.
Each subject was then randomly allocated 10 a 5:Weeks training program (five times a day)
using a wobble board or coentrol group. Greater “improvement in ankle movement
discrimination capability was madesin subjects"{. who underwent wobble board training than in

subjects who did not train. This study showed improvements in the ankle motor control

— =

processes that occur below the devel of c;onsciotjs attention with wobble board training.
Indeed, peripheral Ievel |mprovements in proprioception were linked to
F
alterations in muscle spindle. There is no evxdence that training changes the number of
42k
mechanoreceptors (Ashton-Millers et al 2001), %_ut there is evidence that training induces

-] - -

morphological adaptatlons in' the major mechanoreceptor mvolved in proprioception, the

muscle spindle. Tralnlng ‘can induce muscle spindle adaptat|ons at a microlevel, the
intrafusal muscle fibers may{show some metabolic changes, and at a more macro level, the
latency of the stretch reflex réspense decreasesiand the amplitude increases (Hutton and
Atwater, 1992). Physical activity improving muscle strength can alsodmprove proprioception.
The improvement in muscle strength with' exercise might yield better gontrol of movement,
which, as @y consequence, could enhance joint proprioception | under® weight bearing

conditions (Petrella et al., 1997).
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Recommendations for Guidelines: Exercise and Proprioception

A theory currently being evaluated is that changes in proprioception result in
changes in joint function that may lead to degenerative joint disease. These changes
correlate with changes in muscle fiber types (Bostrom, 2002) and directly affect the

performance of both the activities of daily living and sports (Starkey and Johnson, 2006).

To enhance proprioceptive-mediated neuromuscular controls, rehabilitation
and conditioning programs should be structured 6 address all three levels of central nervous
system motor activation: the higherbrain centre, brainstem, and spinal cord levels (Lephart et

al., 1998).
The levels of motor conirol \
The higher brain

Higher brain .€entre-promoting ‘activities are initiated on the cognitive level,
such as consciously performing end rénge joint}élo;itioning activities, and through repetitive
executive stimulate the conversion of Cjornsciousﬁ»tbi.xynconscious motor programming. This
transition from conscious to unconscious motog[pgramming is performed in the lower
extremity trough dynamic. bglance rehabilitation activities.“Initially; patients concentrate on the
rehabilitation task being pérformed in order to facilitate and maximize sensory input. As the
patient progresses, the activities incorporate cognitive or“psychomotor aspects, which

ultimately aid in conveptingsconscious jointystabilizationy and, centrel to unconscious motor

programming (Lephart et al.,;*1995; Voight, 1996).
The brainstem

To enhance motor function at the brain stem level, balance and postural
maintenance activities should be employed. These equilibrium-promoting activities should be
performed both with and without visual system input, be implemented following a
standardized progression, and be specific to the type of activities and skills the patient will
require. The initiation of balance activities assumes the patient is able to bear weight on the

lower extremity. Once implemented, these activities should follow the progression from static
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balance activities to dynamic skill activities. For static balance activities, patients should
progress from bilateral to unilateral activities, from activities with the eyes open to those with
the eyes closed and from those performed on a stable surface to those performed on

unstable surface (Lephart et al., 1995; Guskiewicz and Perrin, 1996; Voight, 1996).
The spinal cord

To address the spinal leve otor control, rehabilitation activities which

produce sudden changes in joint pos luded to promote unconscious reflex

tforms and plyometric exercises
T —

dynamic muscular stabilization and

joint stabilization. Activities suc
encourage joint muscular ¢
therefore address neurom motor control (Nyland et al.,

1994; Voight, 1996).

The influen euromuscular control has been

AN
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demonstrated to have prof jically repaired joint. Although

%%i%’f‘i
ng 1

activities in regaining neurom cular oo tr-of' in evidence suggests that such

there is not yet a consensus ioceptively mediated rehabilitation

activities may influence the return to-partics injured athlete (Lephart et al., 1998).
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CHAPTER llI
RESEARCH METHODOLOGY

Research design

This study is an analytical descriptive research design which examined
effects of difference types of exercise on ankle joint position sense by passive reproduction
joint position sense test. The questionnaire was used for data collection. Data were
characteristic of subjects, exercise profile, and history oifall. Additionally, the physical fitness
testing, assessment of balance and risk of fall, as well"as assessment of proprioceptive

system functions (passive joint pesition testing) were included.
1

Study population v

In this study, theftarget populationiwas healthy Thai elderly men and women,

/
who engaged in regular exer€ise @s eitherwalking, tai ¢hi, or jogging and having no exercise,
ranging in age from 60 to 70 years oId.}The stujdjy samples were recruited according to the

following inclusion criteria and consenf-to participate in the study.

| el

Screening

Subjects were qualified for the study if they were aged 60 to 70 years and had
no documented diseases Or conditions lists in the exclusion criteria. All volunteers were
initially contacted by=telephene /o determing stheir qualification oefere the study. Of the 181

volunteers who pagsed the initial sCreening, 149 individuals completed the study.

Inclusion criteria

Control group

1. Being Thai people, who have no regular exercise, aged from 60 to
70 years old (level of physical activity were recruited according to the following
insufficient physical activity criterion; an initiative of the Premier’s Physical Activity
Taskforce, 2003).

2. Volunteers signed the consent form to become subjects.
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Exercise group

1. Thai people aged from 60 to 70 years old and participate in regular
exercise as either walking, tai chi, or jogging at least 1 year without taking a break
continuously for 3 weeks (level of physical activity were recruited according to the
sufficient physical activity criterion; an initiative of the Premier’'s Physical Activity Taskforce,

2003).

2. Volunteers signed the
%

Exclusion criteria

//r)to become subjects.

T ——

£
T el

1. The partici

2. Admitted e past 12 months.

4. Presenc _ J ' 3l or muscular pathologies at

lower extremities from a co [ se | neuropathy, stroke, chronic

5. A history of s IIIptC.H’FEE_IlE: aro o) 2
y i " f_‘l-_Q.f,, Tl
Heart Association (AHA)

Sample ¢

s U8 INUNTHEING
s AR TR I I T B

Sample size determination

In this study, sample size determination was calculated from Roscoe’s
simple rule of thumb (Roscoe, 1975). He suggested sample size should be at least ten times

larger than the number of variables being considered. Variables for the study are difference
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types of exercise (walking, tai chi, and jogging) and non exercise, totally 4 variables. The

calculation of sample size is then

n=10xf

n = sample size

f = number of factors (variables) for this study = 4

n for sample 4 groups such as exercise group

(walking, tai chi, and joggi se), as a consequence, total

subjects were 160 person
Instruments

1. A model of : ) N Jiscrimination apparatus; AMEDA
(Waddington et al., 1999)

: /230, Biospace”, Korea)
4. A biopaBMM 00 100@transducer module with an
acgKnowledge Software Version-3.7.3 (Biopac Systems Inc.,Canada)

 AUBARENINENI

6. An‘armchair (46 centimeters helght
ARARIAFRURN 1IN E1A Y

8 Dumbbell 5 Ibs (2.3 Kg.) and 8 Ibs. (3.6 Kg.)

9. Sphygmomanometer (ES-H55, Terumo Corporation, Tokyo, Japan)

10. Lange skinfold caliper (Beta Technology Inc., Maryland)

11. Touch-Test™ sensory evaluators (4.31(2.0-grams) Nylon monofilament,
North Coast Medical Inc., U/K)

12. Tape measurement (Hoechstmass, West-Germany)

13. A plastic box
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14. Stopwatch (JS-609, FBT® ,China)

15. Counter (Hope®, Japan)

16. Angle finder (ED-20SSMB Super Slant, Japan)

17. Magnetic torpedo level (Miley, USA)

18. EMG electrodes (Ambu® Blue Sensor SP, Denmark)

19. Headphones for eliminating auditory stimuli from the testing apparatus
20. A blindfold for eliminating visual feedback

21. Case record form

Procedure

Subject preparation |
Prior to each test session, :gil subjects were asked to refrain from
consuming alcohol, caffeine, af food for 2 hous. In addition, vigorous physical activity was
not allowed 24 hours (Hermione et al.,-2006)-.-p-rior to the first test session. Comfortable
clothing for test sessions should be worn! Upon"éf-rfi.val to the laboratory, the participant was

¥ A -:!j,l
instructed to remove the shoes for all test session&V\Zeight, height, body mass index, resting

heart rate, and resting bloed pressdfé'Were recorded.

Standard measurements

Measuremen{s of height, weight, resting héart rate, and resting blood
pressure provide aupaseline. characteristic “of the subjects. The follewing procedures were

performed and baseline characteristics of the subjects were recorded.

Standingy height: | They participant wast standing barefoot  with the heels
together, then stretching upward to the fullest extent. Heels, buttocks, and upper back were

touching a wall. The chin was not lifted. Measurement was recorded in centimeter.

Weight: Weight was recorded with the individual wearing comfortable clothes

without shoes. Weight was recorded in kilogram.
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Body mass index: The BMI, is used to assess weight relative to height and is
calculated by dividing body weight in kilograms by height in meters squared (kg-m'z)
(ACSM’s guidelines, 2006). The use specific BMI values to predict health risk is according to

the criteria of International Obesity Task Force (IOTF).

Resting heart rate: The participant was sitting and had an adequate rest
period of at least 5 minutes prior to the measurement. Adequate rest was indicated when the
heart rate had stabilized at a low esting heart rate was measured with

sphygmomanometer (ES-H55, Te ratl , Japan).
e —

l

Resting bloo sitting upright in a straight

backed chair. Both feet w was resting on the table with
the elbow flexed. Subject position. Conversation was
discouraged. The blood pr manometer (ES-H55, Terumo
Corporation, Tokyo, Japan). and diastolic pressure were

recorded in millimeters of merc e sphygmomanometer scale.

Methods

The process of res
1. Measure

2. Measuregts of balance and Jomt position s

o sl 348) AN NTNHIA 3 o oy

composition, sensor}lof foot, upper and Jower body g‘&ength, funotlorﬁ;per‘formance, and

esoe IR AFFI T AN IVE 1R E
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1. Physical and functional performance testing

1.1 Body Composition Assessment

A. Skinfold measurements (ACSM’s guidelines, 2006)
Using 3 site skinfold measurements.
e Male (Chest, abdomen, and thigh)
e Women (Triceps, suprailiac, and thigh)
1. Measurements on the right'side ofithe body with the subject standing upright.
2. Placed the caliper at 1 to 2 cm away from the thumb and finger.
a. Perpendicularto the skinfold.
b. Halfway.between the crest and the base of the fold.
3. Release the caliper lever so its ‘?pring tension. is exerted on the skinfold.
4. Maintained pinchdwhile feadingcaliper.

_—

5. Read dial op‘caliper,

:I .
a. Between 1to 2 seconds after leverhas been released.

6. Take duplicate Mleasures af each:-s"jte'.
abd % il
e ACSM et Yol Ay

lll-"

a. Ifwithin 1 or 2imm take-éy@'r@_ge.

b. :l_'f not within 1 or 2 mm take 3 rd measurements.

c. Hfstill no match, then take average ofr,‘2”closes measurements.
7. Rotate through measurement sites or allow time for skin and underlying fat to
regain normal texture.and thickness,
8. An average of*measurements was‘used'forfurther analysis. The percentage

body fat is predicted according to the ACSM’s_guidelin€s«(2006).
B.7 Bioelectrical impedance analysis (BIA)

Direct segmental multi-frequency bioelectrical impedance analysis method is
used to measure percentage body fat, a body composition analysis device (InBody 230,
Biospace®, Korea) that uses an 8-point tactile electrode method applied to right arm, left arm,
trunk, right leg, left leg. Ten impedance measurements by using 2 different frequencies (20

kHz, and 100 kHz) with an excitation current of 330 pA is applied at the source electrode on
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each 5 segments (right arm, left arm, trunk, right leg, left leg). The percentage body fat is

predicted according to the ACSM'’s guidelines (2006).

- (b)

rement of body composition

{ ee etal, 2003)

1. Place the p nt in suplne or S|t in Wifj shoes and socks removed.

.ll
2. Touch the monoﬂlament wire to patlents skin on arm or hand to demonstrate

what the toueh feelﬂe‘u EJ ’g Qﬂ H W ’j W EJ f] ﬂ i

Instruet the patient to respond ‘yes” each time they feel the pressure of the

./
monoﬂlameiaomoa rﬂm BJ EI"] a E!
Instruct the patient to close their eyes W|th toes pointing straight up during the

exam.
5. Hold the monofilament perpendicular to the patient’s foot.
6. Press the monofilament against the foot, increasing the pressure until it bends
into a C-shape. Apply the monofilament along the perimeter of and not on an ulcer, callus,
scar, or necrotic tissue. Do not slide monofilament over the skin (Fig 3.2).

7. Hold in place for about 1-2 second. Randomize the sequence of applying the
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filament throughout the examination. Repeat the area(s) about 1-2 times where the patient did
not indicate feeling the monofilament.
8. Locations for testing:
e dorsal midfoot
e plantar aspect of foot including pulp of the first, third, and fifth digits
e the first, third and fifth metatarsal heads
e the medial and lateral m|

- T"?///

9. Record response’m—ieoLsoree |ng “+" for yes and “-“ for no.

—

10. When the pati

ic.feel he mor?om at more than 4 out of 10 sites,
identifies this patients with | [ n'sation due"foseeripheral sensory neuropathy

(Lee et al., 2003).

A TR YIRS W%F‘Tﬂe‘ﬁ

1.3 Assessment of Upper and Lower Body Strength

AN B LU MHIALL e

1. Ask the subject to sit on chair with dumbbell.

a. Women: 5 Ibs (2.3 kq)
b. Men: 8 Ibs (3.6 kg)
2. The subjects hold weight in a handshake grip with arm fully extended to side
of chair.

3. Curl weight by flexing elbow while turning palm of hand toward shoulder.
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4. Lower until elbow is straight.
5. Repeat curling until 30 seconds expires.
6. Number of repetitions was counted for further analysis.
The test administrator provides test instructions to subject, keeps time, counts

number of repetitions completed in 30 seconds, and announces when time is over.

B. Senior's chair stand test (Howley and Franks, 2007; Rikli and Jones, 1999)

1. Ask the subject to sit on chair with both feet separated approximately
shoulder width close to chair.

2. The subjects maintainarms across chest:

3. Stand up without pushing off with arms.

4. Repeat standing‘upuntil 30 segonds expires.

5. Number of repeiitions was counted for further analysis.

The test administrator jprovides test ?.jwst_ruotions to subject, keeps time, counts

number of repetitions completed in 50 §e(_:onds,’:;a_aniddannounces when time is over.

a1

1.4 Functional Performance Tésting

22
To ensure blinding of participants in trials of functional performance testing. In

an attempt to minimize bias, the aséi&ént researcﬁéff);c;vides testing to participants.

A. Functional reach test (Duncan et al., 1990)

1. Mounting a yardstick on the wall at shoulder height.

2. Ask thé subject te"pasition themselvesiclose toy and ke able to flex the
shoulder to at least 90.degrees but not touching the wall with their arm outstretched and hand
fisted.

3.. Take note of the starting position by determining'what'number'the MCP joints
line up with on the yardstick.

4. Have the subject reach as far forward as possible in a plane parallel with the
measuring device. Instruct them to “Reach as far forward as you can without taking a step.”
The patient is instructed to reach forward along the yardstick without moving the feet. Guard
the subject as the task is performed to prevent a fall.

5. Take note of the end position of the MCP joints against the ruler, and record
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the difference between the starting and ending position numbers. If they move their feet, that
trial must be discarded and the trial repeated.

Criteria to stop the test: The patient’s feet lifted up from the floor or they fell forward.

B. Timed up & Go test; TUG (Shumway-Cook et al., 2000)
Setting up the test area
e Determine a path free from obstruction.
e Place a standard arm chair (@pproximate seat height of 46 cm.) at one

end of the path.

Mark off a"8*m(10 ft.) distance using a marker (a plastic box) clear
marking.
Performing asseSsment tests "l

1. Begin the testaWith/the stibject sitting correctly in a chair with arms, the
subject’s back should rest on'the Back (of _t;he; chair. The chair should be stable and
positioned such that it will not' moyve Wh_en the subj;(?qt_ stands.

2. Instructions: “On the bec_j; (E1@) yoH.r\_{leI stand up, walk to the line on the floor,
turn around and walk back to the chairand sit @vn‘ Walk at your regular pace. Have the

subject walk as quick as possible in-a-3 m. (10 ft.);eé-is&nce.

3. Start timing’ifon the word “GO” and stop timing; when the subject is seated

again correctly in the chair with their back resting on the back of the chair.

4. Guard the squect as the task is performed to prevent a fall.

C. Single Leg Stance (Q’Loughliniet-al., 1993; Vellas et al., 1997; Bohannon et
al., 1984: Chullanan, 2005)

o 'Single'leg stance with“eyes open
1. Stand on plain floor with the shoes off.
2. Place arms across chest with hands touching shoulders.
3. Look straight ahead with eyes open and focus on an object about 3 feet
forward.

4. Stand on one leg and do not let legs touch each other.
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5. The test will be timed when subjects stand on one leg with the hip extended
and knee flexed at 90°.

6. Subjects will attempt to balance themselves within a defined area on a single
limb. The maximum amount of time will be calculated.

7. A trial will end if the legs touchs each other, the feet moves on the floor, their

foot touches down, or the arms moves from their start position.

with three trials on either side.

ﬂor further analysis.
_._/-'

1. Stand on plain ' ,
oo NN

Place arms acr ands touching sh oulders with eyes closed.

\)\i\u\‘ h other.

AN
\ one leg with the hip extended.

5. Subjects will a ancethe es within a defined area on a single

8. The test will be timed on eac

9. The recorded time f

e Single leg

2
3. Stand on one le
4. The test wi

and knee flexed at 90°.

limb. The maximum amount of ti
6. A trial will end if the legs __ I ( er, the feet moved on the floor, their
foot touches down, or thezakms moved from their start position.
7. The testwi rials on either side.

8. The recorded time for the test was used for furthier analysis.

AUEINENINYINg
AN TUNN NN Y
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1.5 Cardiorespiratory Fitness Testing

Three minute step test (ACSM’s guidelines, 2006)

1.
2
3
4,
5
6

according to the ACSM’s gwd

2.1

Lift the first leg onto step bench.
Raise the body and the second leg onto the box.
Lower the body by stepping down to floor with the first leg.

Return the second leg down to the floor.

Repeat until 3 minutes eng\,j
Number of repetltl er anaIyS|s and for VO, predicted

) y
¢ 4. Fig 3.3 Step test

AUEINENINEINT

The section two was measured ing2 respectlvegsts measurerr@pts of balance and

neelon SRS T AN IVE 1R E

2. Balance assessment and joint position testing

A BalanceCheck Force Platform

The force platform balance test data were obtained using the BalanceCheck'"

software (Bertec Corporation, Ohio, USA). The platform is designed for maximum load of 500

lb (220 kg). The overall dimensions of the plate are 20"x20"x2.5". The complete series of

balance assessment tests has been designed to evaluate the subject’s ability to maintain
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balance while standing. Four aspects of stability can be tested: the ability to maintain balance
on a hard level surface (normal stability) with eyes open or eyes closed, and on a soft surface
(perturbed stability) with eyes open or closed. The system registers vertical forces, and was
used to calculate the position and the movement of center of pressure (CoP), called sway.
Three outcome variables were:

(i) Anterior-posterior CoP excursion: It is an indication of the magnitude of
movement of the CoP in sagittal plane. The 77’ value was better.

(ii) Lateral CoP excu MQLQ

the CoP in lateral plane. The sm we&b

: th\;n which the subject is less
‘ 0 ngle between the horizontal

ion of the magnitude of movement of

(iii) Direction
stable, and therefore most.i

axis and the primary directi

Fig 3.5 Perturbed stability surface (Soft surface)
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Performing assessment tests:
1. Being the test with start the BalanceCheck'" software on computer.
2. Enter new participant data. Instruct the participant to remove the shoes.
3. Inform participant of positioning the feet.

e There are white vinyl markings on the balance platform to help with
positioning participant’s feet. Using these lines as a guide, the feet should be positioned as
follows

a. The medial malleolus /0i#both feet should be aligned with the

malleolus line on the platform. 2

b. The.eet should be symmetric around the midline and the outside

borders should form an imaginary.square.
]

c. The amgulap a_l_ignr;ne’r)t of the feet should be such that the

participant does not feel uncemfortable:
4. Select the particular test. The:’_ dibital balance platform is a self-software

calibrating device. Therefore, galibfation With the BalanceCheck' software is standard for

)
each participant before data acquisition. 'J'_f'; .
F b s —-_:j;l

e Normal stability = Eyes open 3‘;:;-.'

el

a._Help the participant step onto Balanc'e;CheckTM platform and

position the feet as described as the step 3. Positioning the feet.

b. Have the participant stand still in a comfortable position, with
weight centered, eyesyopen; and rarms toy thessides.sThewparticipant should avoid any
unnecessary movement, such as talking, gesturing, or turning.

C..Start the test.acquisition, which.lasts for,10.seconds.

e Normal stability — Eyes closed
a. Have the participant stand still in a comfortable position, with
weight centered, eyes closed and arms to the sides. The participant should avoid any
unnecessary movement, such as talking, gesturing, or turning.

b. Start the test acquisition, which lasts for 10 seconds.
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e Perturbed stability — Eye open
a. Place the BalanceCheck'" foam on the balance platform with the
reference lines facing up.
b. Wait about 3 seconds to make sure that the system calibrates itself
to compensate for the weight of the foam.

c. Help the participant step onto BalanceCheck'" platform and

unnecessary movement, suc

e. Ste r 10 seconds.

e Perturbed s

weight centered, eyes clos 4 ‘Ihe participant should avoid any
unnecessary movement, such ge
b. Start the testacquisition; hlasts for 10 seconds.
5. Results qf the balgg@_e&s ont tests are presented as comprehensive
reports. '-,:E

Fig 3.6 Standing posture as testing
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b

y sukface (aWe and b: Back side)
-I“ I-I_"‘i A )
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2.2 Passive to Passive Reproduction of Ankle Joint Position

This study has developed a model for assessing ankle joint position sense
that closely models the discrimination of inversion movements (Waddington et al., 1999). A
model of ankle movement extent discrimination apparatus (AMEDA) (Fig 3.9) is composed of

a singles axis capable of recording a range of angles from 0° to 22°. By adjustment of the
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uplift of the foot, the device can also equipped with a metal frame, which capable of
recording a range of angles from 0° to 19°.

The device is a trestle with a tall hand bar (96.5 cm. height), a foot resting
(39.5 x 32 cm.) and a moveable platform (41 x 41 cm.) that rotates a singles axis in one
direction. A plane of moveable platform was 59.2 cm. height from the floor. This platform is

moved by an electric motor which rotates the foot on an axis at rate of 0.25°/s. The angular

displacement achieved by the platform. i r: lculated by 2-shafts rotating via a sensor
converter of the LabView 8.0 data ag_\{;étt ‘7 g computer, with expose capability of
.01°. The model of AMEDA Was d for aoéﬂant through use of an angle finder

(ED-20SSMB Super Slant, J ing apa@and a magnetic torpedo level

(Miley, USA) attached on th

PRy e

s EPMELUEIENEIN. . e
AT
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Fig 3.10 Presence of the LabView 8.0 data acquisition system and an acgKnowlLedge

Software Version 3.7.3 (BiopagsSystems Inc.,Ganada)

i

Subject preparation

Prior to the test session, all subj%cts‘ were asked not to have vigorous physical
activity for 24 hours prior 10 the pasgivg repdéi,_t__i,og test. Comfortable clothing for the test
session should be worn. Upon arrival; to the"'.f-jéb_oratory, the test administrator explains
experimental protocol clearly and indtricts the @'&’éipant to remove the shoes before the

test. - Y-

Procedure
A procedurall checklist was followed to ensure a consistent experimental

protocol. The model of AMEDA was calibrated forieach participant before data acquisition.

Validity and reliability
The methad is similar to, those used-from the previeus-study (You, 2005) to
test the concurrent validity and reliability measurement. The concurrent validity and reliability
were determined by comparing the joint angular position data that were concomitantly
recorded by the LabView 8.0 system and the angle finder methods. The concurrent angular

positions were measured for 15 different positions (range, 0°-20°), randomly chosen.

Intratester reliability
The test-retest reliability of proprioceptive measurement was established by

determining an instrument’s capability of measuring a variable with consistency (For details,
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see in Appendix C). All testing conditions were kept as consistent as possible. All the data
collection was completed by one tester (the principle investigator). The procedures and the
subject’s instructions were consistent. The reliability data for the second test session were
collected at the similar time of day as of the first session, for all fifteen subjects (mean age,

40.60+£12.98 years).

Joint position testing (Aydin et al., 2000; Waddington et al., 1999; Westlake et al.,

W/

Experimental were setup fi ive reposmonlng test.

2007)

e Sagittal

Fig 3 12§jl |
* For p wﬂfmﬁﬁm :w E(] ﬂeﬂ ovement of ankle, by

adjustment of the foot position, evice can also equped with a metal frame, which

AR AN a e

cﬁrsiﬂexion (Fig 3.11Db,



(a)

Fig 3.11 (a) Inversion S arﬁle‘gnq,.;(b) Plantarflexion movement at ankle

AL ol

(a) (b)

Fig 3.12 (a) Eversion movement at ankle and (b) Dorsiflexion movement at ankle

66
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5. EMG is used to determine muscle activity, which was recorded using the Biopac
MP 100 system with EMG100C transducer module (Biopac Systems Inc., Canada). EMG data
were collected by using the acgKnowledge software version 3.7.3 (Biopac Systems
Inc.,Canada). Surface EMG electrodes were applied on the skin parallel to the direction of
muscle fibers (on the test leg) to ensure that a better sample of muscle activity is monitored

with reducing extraneous electrical activity.

Electrode placement:
a. 15° Inversion 7 ace EMG electrodes were applied
on the skin over the tibialis ant longus (EHL).
b. 10° eversion mov at ankle, surfs ~ G electrodes were applied on
the skin over the peroneus longus (RPL)@ang | Y s (PB).
c. 12° plantagflexién/moveme rface EMG electrodes were
applied on the skin over the solets jand- qira ¢ \ \
d. 15° dorsiflexia Teht s — ace EMG electrodes were applied

on the skin over the tibialis anterion arld exteng ‘ longus (EDL).

Y]

§
AULINENINYINS
AN TUNN NN Y
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Performing assessment tests:

1. Randomly predetermined sequence of the 4 respective joint position
sense (JPS) tests by the examiner. The sequence of the 4 respective JPS tests was
randomized by probability sampling design to eliminate potential bias effect in the repeated
measure.

2. The subject began in a starting position (0°) and passively moved the

ankle through the test position (a targe ) by an apparatus at a constant speed,

0.25°/s. The 2 planes of ankle JPS \ e il measured in a random sequence.
3. After reaching '1;.- ) 'éject was asked to concentrate on

sensation of joint angle whil ‘ the specific position for 15 seconds

(Bernier and Perrin,1998), {\:\\ tart position.
4. The exami _ test \Ry ( towards the test position, and

nat the test position had been

}s oduced angle was calculated as

. -
the absolute error. Mean values o f‘ n-each direction were used for analysis.

M,

ﬂumwﬂmwmm
QW'W&Nﬂ‘iELJ UAIINYAY



Procedure

Healthy Thai elderly men and women, with different

types of exercise and non-exercise control group

d

Purposive sampling technique

Inclusion criteria

g

—

d

e Exclusion criteria

181 volunteers passed the initial screening

!

!

Control greup(n=40)

Exercise group (n=109)

v

v \ 4
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Walking (n=36)

Taichi (n=40) Jogging (n=33)

g

1l i

The gliestionnaire was Used for.data collection

Written informed consent was obtained from each subject

11

Section 1: Measurements of physicaland functional performance

1. Body-composition

2. Sensory of {oot

3. Upper and lower body strength

4, Functional performance

o

‘Cardiarespiratory-fitness

Iy

Section 2, Measurements ofibalance and joint-position sense

1.
2.

A BalanceCheck force platform

Passive to passive reproduction of ankle joint position

ﬂ ..........

.......................... > Drop out (n=32)

149 individuals completed the study

J

Data collection and statistical analyses
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Data analysis

1. Descriptive statistics were used for baseline calculation.
- Means with standard deviation were used for quantitative data.
- Numbers with percentages were used for qualitative data.

In the non-normal distribution case, the nonparametric tests (minimum, maximum,

//

ruﬂal—w used to detect the differences

int "bs e (Absolute angular error; AAE),

and median) were used for quantitative data.

2. The differences on physical erformance between two groups were

determined by One-way ANOVA; nsons with Scheffe’.
3. The Nonparametric

between four groups on vaW

single leg stance, center of pr r irection of max instability. If there

was presence any of a differe tance time of single leg stance
test (second), excursion ( max instability, then Mann-

Whitney U was used to inv se variables between the two

gl 2 )
groups. LA
4. |Intraclass correlation o@- re used to determine an instrument’s
capability of measuring a varlable m’t@ < een mean joint angular position data
that were concomitantly re e finder and the tabView 8.0 system
An alpha level of OES was u e ( ne statisﬂal significance. All statistical

analyses were performed using Statistic Packageafor the Social Sciences (SPSS for Windows

werion 0, cricafl L3 ¥/ EJ‘V]TN AN
ammmm UANINYA Y



CHAPTER IV

RESULTS

Characteristics of subjects

A total of 181 older adults were eligible for the study. The complete data were

obtained from 149 subjects. Thirty two persons did not complete the study. Two persons out

of country, 5 persons had an injury/he persons lost to follow up, and 14 other

persons had to take on their own subjects were independent in their

By means of a questionnaire with

a complementary interview a cal aNd "r‘ting activities, subjects were
partitioned in four groups: con g, ta -"-\- jogging group.

Table 4.1 pr it \\ of the subjects (51 men and
98 women) and presents a signifi \X.; baseline % body fat, resting
heart rate, and VO, estimated @c 5 ¢ ,’ oups’ N \\ ificant difference was noted in
body mass index, systolic and di It 5a re ross the four groups. Additionally,

there were 62 subjects with delaye - oreness after cardiorespiratory fitness

3 tody strength testing.

X

2
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Table 4.1 Baseline characteristics of the subjects

72

Group
o Total
Characteristics Control Walking Tai chi Jogging (n=149)
(n=40) (n=36) (n=40) (n=33)
Age (years) 65.6 + 3.78 63.6 + 3.52 64.6 +4.15 61.5+2.59 63.9 + 3.86
Gender, n (%)

* Male 2 (5.00) 15 (41.67) 8 (20.00) 26 (78.79) 51 (34.23)

* Female 38 (95.00) 21 (58.33) 82/(80.00) 7 (21.21) 98 (65.77)
Weight (kg.) 56.91 +10.18 60:97 £10.08 | 57.97+ 10.08 63.46 £ 12.25 59.63 + 10.82
Height (cm.) 153.16 £ 4.84 159:86 + 8.72 1586t /2] 162.89 £ 5.75 158.20 + 7.58
BMI (kg/mz) 2419+ 3.73 2857 3N P N 23 M M 24.08 £ 3.03 23.77 £3.08
% Body fat I

+ Skinfold 34.78 + 7.034| 28084735 /731504634 | 2368+6.69°5 | 29.81+7.91

* BIA analysis 35.10 £ 874 4 28 45 4+ 7 £4* T 31.51£6.41 | 2499 +682*% | 30.52+7.70
Resting HR i, s

72.23 +9.40 7881 +:12.60).48 2;2421 + 11.71 | 64.36 £ 10.40*" 71.00 £ 11.55
(bpm)
Systolic BP — =3

127.35%£16.28 132y36£20.81 128.20+17.64 128.00+£14.60 128.93+£17.45
(mmHg) L — —
Diastolic BP ey -

74.35 £0.88 76.39 +10.32 | 73.95+11.48 | /76.21 £9.35 75.15+10.54
(mmHg) - -~
VO, estimated = ~
with step test 19.34 + 3.1_6 22.20 £ 4.36* 21.80+4.41 || 2585+ 3.74*'T’§ 2213 +£4.53
(ml/kg/min)
Sensory of foot,
n (%)

* No Loss of 40 (100.00) 36 (100.00) 40 (100:00) 33 (100.00) 149 (100.00)

sensation
Duration of

- 4.64 £5.02 6.73+5.11 1291+ 7.14 6.66 + 6.42

practice (years)

Values are mean + S.D.

Significant difference by using Post Hoc Multiple Comparisons with Scheffe’

*p <0.05 compared with Control group

"p <0.05 compared with Walking group

¥p <0.05 compared with Tai chi group
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Falls and fall-related injuries

Participants’ fall history data were collected in face-to-face interviews with a
questionnaire covering such number of falls in the past 12 months baseline assessment, a
cause of fall, fall-related injuries, balance control and gait pattern. Table 4.2 and Figure 4.1

revealed the number of the faller in the previous year, and rate of fall and injuries in each

group.

Table 4.2 History of falls

w
Group
] Total
History of falls Gontrol Wall:ing Taivchi Jogging (n=149)
(n=40) (n=86) (n=40) (n=33)
Fell in last year, n (%) el ¥
* O fall 28 (1000 27 (7_.5.0@ 31 (77.50) | 25 (75.76) | 111 (74.50)
+ 1 fall 7 (47 .50) 3 (é:.*_SO) 8 (20.00) 6(18.18) | 24 (16.11)
-+ 2 falls or more 5i(1260) | ,+6 (161{)) 1/(2.50) 2(6.10)| 14 (9.40)
Rate of falls, n (%) 12 (80.00)-<- 9 (25.0‘.0):;} 9(22.50) 8(24.24) | 38 (25.50)
Rate of injuries, n (%) 7 (588311 7 (118 7.(77.78) | 6(7500)| 27 (71.05)
Injuries, n (%)
« Abrasion, contusion, | =16 (50.00)| 7 (77.78)|  5(5556) | 6 (75.00)| 24 (63.16)
or ankle sprain -
* Cortical fracture 17(8.38) 0(0:00)4 A1 2 (2:22) 0 (0.00) 3(7.89)

As.shown.in Table 4.2,.a total of,149.subjects, there.were 60,falls of the total
38 fallers. Subjects in each"group“reported *having fallen“in the last“year<before baseline
assessment, it has been represented 30%, 25%, 22.5%, and 24.24% with respective in
control, walking, tai chi and jogging group (Fig 4.1). No significant difference was noted in
number of fall, rate of fall and injuries across four group studies and between non-exercise
and exercise groups. Comparing rate of falls in non-exercise and exercise group, the rate
revealed that non-exercise group is prone to fall more than exercise group 1.26 times (Fig

4.1).
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In spite of having more fallers in non-exercise group, fall incidents and the
ensuing injury process are most occurred in exercise group (Table 4.2). However, active
older adults spend less time in the hospital. Most injuries (63.16% of the total fallers) were
abrasion, contusion, and ankle sprain. The main cause of falling were slippery surface,
tripping, badly visible steps, poor lighting, loose carpets, lack of bathroom safety equipment,
a phase of suddenly stopping bus, and single leg standing during daily activities such as

wearing trousers.

% /

30 | S ——

25 o
S I A e Control
3 20 s oA R ] walking
o 15 Tai chi
A 55| Jogging

10

5

0

Fﬁ4ﬁat offall (% of the total.subjects in each group)
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Passive to Passive Reproduction of Ankle Joint Position

Validity and reliability of the measurement for angular position by a model of ankle
movement extent discrimination apparatus (AMEDA) via the LabView 8.0 data acquisition

system

Validity and reliability

ility of the system’s measurement for angular

/ angular position data that were

angle finder methods. Correlation

The concurrent validity and rel
position were determined by con
concomitantly recorded by the LabView 8.

| —
between the LabView 8.0 sysiem'a Brar inder measures was excellent on 15 different
angular positions measures* (I s the linearity between the 2
measures, indicating that . abView 8.0 system) for joint

angular position was valid and relia

25

20 ~

15 | “’3

B 1stTest

10 - A . A 2nd Test

LabView 8.0 system's angular position (deg)

Angle finder's angular position (deg)

Fig 4.2 The linearity in joint angular position measure between the LabView 8.0 system and

the angle finder methods
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Intratester reliability

Table 4.3 shows results of the test-retest reliability of examiner's repeated
measures by using the LabView 8.0 system. The ICC was calculated for 4 respective position

sense tests. Correlations between the repeated measures with ICC were ranging from .50

to .90.
Table 4.3 ICC for the 4 ankle JPS tests (N=15)
Ankle Positions IV BN PF DF
ICC ) 4 .60 90 .60
P 0267 L8 .000* .017*
i
*Significant at 2<0.05 )
Absolute angular error ' -';. ’

The main outcomme of this evaluéfiﬂbﬁ was absolute angular error. The study
measured the following 4 movement of éhkle: 17)Jj:1d5;j;,lnversion (IV), 2) 10° eversion (EV), 3)
12° plantarflexion (PF), and 4) 15° qorsiflexionﬁf_)_ in dominance foot. There were 147
subjects with right foot dominance (o-nly 2 subjeofs-with left foot dominance). The descriptive
statistic data of absolute ariigular error by using nonparametric-test was summarized in Table
1 (See in Appendix A). In Both inversion and dorsiflexion mevement of ankle, tai chi group
had a slightly greater.median of absolute angular-error than_other groups (2.04° in inversion
and 2.27° in plantarflexionfmovement).-On' thetother hand, the less median of absolute
angular error (1.73° in eversion and 1.89°%n dorsiflexion=movement) wastebserved in walking

group. Additionally, thistanalysis| offers statistics' of minimum and maximuim.that subjects in

each group had performed the tests.

The overall median of absolute angular error received in elderly sedentary
control, walking, tai chi, and jogging group were shown in figure 4.3. For all of test positions
(IV, BV, PF, and DF), median of absolute angular error had tended to slightly greater in
walking and tai chi groups when compared with control and jogging group. The result noted

that the walking group had a smaller median of absolute angular error than other groups for



77

eversion (1.73°) and dorsiflexion (1.89°). While, the tai chi group had a mild median of

absolute angular error than other groups for inversion (2.04°) and plantarflexion (2.27°).

4
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Fig 4.3 Median of absolute an I SFoF Tec ssive reproduction of ankle joint
position test in elderly sedentary contr al i, and jogging group

_ llis H method was used to
detect the differences acr(g four Qrou ian of ab@ute angular error. Significant
difference at median of absoldtezangular error in three test positions, EV (p = 0.009), PF (p =

0.001) and DF ﬂouof_l@ WYL IR o Fsics. ater tnat, vamn:

Whitney U test was used to investigate the differences-on these variables between any two

s oM TANTIITU NA1IVIE1R E
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Table 4.4 Median of absolute angular error in the sedentary control, walking, tai chi, and

jogging group

Median of Absolute angular error (degree)
T
est Control Walking Tai chi Jogging
(n=40) (n=36) (n=40) (n=33)
15° Inversion 3.050 2.670 2.040 2.500
10° Eversion ' 2.080* 2.250*
o . -.-J §
12" Plantarflexion : =Swid 2.265" 3.190
15° Dorsiflexion b 1.935¢ 2.430"
Values are median. ) 4°
Significant difference®y n neffic test it -Whitney U

*p <0.05 compar hC ’ oup
Al
§ ith -
p <0.05 com |f#%qfﬂ P

e
Mann-Whitney U test" ”'-‘ d” ant lower absolute angular error of
. . . . Lo 4 .
eversion and dorsiflexion in all I ared to control group. Different
median of absolute angulai-e lantarfiexion movere ankle was only significant
between walking and control gr and control group (p = 0.000). In

addition, median of absolute angular error in plantarﬂexmn/dors|erX|on was significant

e Y IREAK N
ARIANTAUNNIING 1A Y
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Validity and reliability of the measurement for angular position by a model of ankle
movement extent discrimination apparatus (AMEDA) via the LabView 8.0 data

acquisition system
Validity and reliability

The concurrent validity and reliability of the system’s measurement for angular

position were determined by comparing .the joint angular position data that were

concomitantly recorded by the LabVi d the angle finder methods. Correlation

n@ures was excellent on 15 different

between the LabView 8.0 syste

angular positions measuresW

Intratester reliability

Intraclass corr

the same examiner for determi

The test-retest relia
evaluated on 15 subjects (mea
respective test positions and the angula

_ WEELZL oA
were ranging from .50 tpmo for intratester rel astirement by the LabView 8.0

system.

The ICC reveaid that the LabV|ew 8.0 system for determine angular position

o BTN TN
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Physical and functional performance
Physical performance

A. Cardiorespiratory fitness
The VO, estimated with three-minute step test in jogging group was greater
than those of other three groups, while that of control group was slightly greater than that of

all exercise groups (Table 4.5).

Table 4.5 VO, estimated of the subjects

- |
Group
Characteristics Ceritro| Walking Tai chi Jogging
(n=40) (n=lé6) (n=40) (n=33)

VO, estimated EET
with step test 1984 48,16 [[2270+4.35" | 2180+441 | 2585:3.74"""
(ml/kg/min) "IJ :
Values are mean * S.D. ¥ <l

Significant difference by using PestHoc Multip_l_é_g}omparisons with Scheffe”
*p <0.05 compared with Qq,—fi_t_rQI_group

i o) <:0.05 compared with Walking group

So 005 compared with Tai chi group

B. Body strength
The studysmeasured the followinge2 sections of bodysstrength: 1) upper body
strength and 2) lower body strength. ANOVA showed ,a,significant difference only in upper
body strength acrass the four groups (p < 0.05) as shown in Table 4.6.

Maximum numbers of repetitions for the upper body strength testing were
respectively received in jogging, walking, tai chi, and control group. Although no significant
difference was noted in the lower body strength, the number of repetitions for the lower body
strength testing showed similar to the results of upper body strength test. The repetition for
lower body in jogging group was greater than other three groups, while control group was

lower than all exercise groups (Fig 4.4).
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Table 4.6 Body strength of the subjects

Group

Test Control Walking Tai chi Jogging
(n=40) (n=36) (n=40) (n=33)
Mean | S.D. | Mean | S.D. | Mean | S.D. Mean S.D.

Upper body strength

16.18 482 [ 1827 | 482 | 2219*% | 6.51

(Number of repetitions)

Lower body strength
16.70 | 5.03 18.06 4.02

(Number of repetitions)

Values are Mean + S.D. / /

Significant difference by usin

Post Hoc Multiple Cg "! tr =ffe” revealed a significant difference

it o p = 0.047), and between control

and jogging group (p = 0. 000) Furthe owed that the jogging had a significantly

higher mean number of repeti 5 Upp ody e an subjects in the tai chi
exercise group (p = 0.00 7 — KJ
EB 2

ﬂﬁﬂ?ﬂﬂﬂiﬂﬂ’]ﬂ‘i
’QW']ENﬂ‘iELJ 1NIINYIAY
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Fig 4.4 Upper and lower bedy stre QUICK es in elderly sedentary control,

walking, tai chi, and jogging gg

Functional performance

ctional performance to describe the

This study used 2 : 1
Y m‘@e;@ -_- ™
balance control: funchonah’eachJesL nd Time UG). ANOVA showed that

both functional reach and™ —W— :-K oss the four groups

(0 <0.05) (Table 4.7). - LT]
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Table 4.7 Functional performance of the subjects

83

Group
Test Control Walking Tai chi Jogging
(n=40) (n=36) (n=40) (n=33)
Mean | S.D. Mean S.D. Mean S.D. Mean S.D.
Functional reach test
(cm.) 28.37 4.32 3283 3.73 34.52* 3.48 34.23* 412
Timed Up & Go test
7.64 g, 6.87* 82 6.78* 1.03 6.50* .78
(sec.)

Values are Mean + S.D.
Significant difference with Post Hog Muliiple Comparisons with Secheffe’

*p <0.05 compared with/ControlfFgroup

Functional reach idest revealed  significant difference across four groups

(o = 0.000) (Table 4.7). Distances of 34.52, 34.23, 82.82, and 28.37 centimeters were

respectively received in the tai chi, jogging, walking, and sedentary control group (Fig 4.5).

45
40
35 | I’ T
30 T S Control
§ -
S 5 | - 2 walking
2 3
g 2 B Tai chi
a -
15 =
e £ Jogging
10 b S —
5
I BHRENENE\ \\ e

Fig 4.5 Outcome measures of functional reach test in elderly sedentary control, walking,

tai chi, and jogging group
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The Post Hoc test showed that the sedentary control group could reach a
significantly smaller amount of distance than the walking, tai chi, and jogging group (exercise
group) (p = 0.000), while no significant difference was found among three exercise groups

(p = 0.122) by using Post Hoc Multiple Comparisons with Scheffe’.

To arrange the time recorded that obtained from Timed up & Go test (TUG),
the arrange amount of time were 6.50 seconds in jogging, 6.78 seconds in tai chi, 6.87

seconds in walking, and 7.64 seconds in sedentarycontrol group respectively (Fig 4.6).
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Fig 4.6 Time achieved by TUG test in elderly sedentary contral, walking, tai chi, and jogging

group

Significant difference in the time recorded of TUG test were observed
between sedentafy control group and«all three exercise graupsi(joggingy tai ¢hi, and walking
group) (Tablezd.7), No significant differences was found among the three exercise groups (p

= 0.195) by using Post Hoc Multiple Comparisons with Scheffe”.
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Single Leg Stance

An assessment test has been designed to evaluate the subject’s ability to
maintain balance while standing. Four aspects of single leg stance (SLT) can be tested: the
ability to maintain balance on a right and left leg with eyes open (EO), and on a right and left

with eyes closed (EC).

The nonparametric tests sh that jogging group has greater median of

# roups in SLT-EO with left leg (31.78
2 éﬁconds) leg. For SLT-EO with right

tai chi group (Table 2, see in

stance time after standing on one |
seconds), SLT-EC with right (7.
leg, the most median of sta
Appendix A). Additionally inimum and maximum that

subjects in each group had

The median i ifter standing on one leg was summarized in figure

4.7. In both single leg stan

r'\l \ , the lowest median of stance

time were observed in control jects (‘K : d /.53 onds respectively). Furthermore, a
bl A 1

reduction median of stance time Sin-2 L fter single leg stance with eyes closed

testing. Again, the lowest value was re r:{;a!g; 7 osed condition (SLT-EC with right leg,

median = 3.22 seconds; SLT-EC with | :4---?,_—---?,-—f--f——,-,—-,~;ﬁs ds) for the control group.
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Fig 4.7 Median of stance time secgived.in isingleileg stance with eyes open and closed in

elderly sedentary control, walking; tai chi, and jog_gir]g group

#

Kruskal-Wallis H test was used toa_'e,'t_elc_t the differences across four groups on
median of stance time. Significant difference at m_fé'd.i;an of stance time in four tests, SLT-EO
with right leg (p = 0.000), SLT-EO Wifh left leg (p- : O—OOO) SLT/EC with right leg (p = 0.003)
and SLT-EC with left leg {p = 0.000), were observed across fouf group studies (Table 4.8).
For this condition, Mann-Whitney U test was used (o investigate the differences on these

variables between the two grotps:
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Table 4.8 Median of stance time in the sedentary control, walking, tai chi, and jogging group

Median of stance time (sec.)
Test ; S ,

Control Walking Tai chi Jogging

(n=40) (n=36) (n=40) (n=33)

SLT with eye open Right 7.72 16.70* 31.22*" 20.99*
Left b3 13.88* 21.39*" 31.78*

SLT with eye closed Right 022 4.64* 4.56* 7.59*

Left 3.05 4.24* 5.20* 6.66*

Values are median.

]
Significant difference byghonparametric test with Mann-Whitney U

')

*p <0.05 compared with Cbgtroligfoup

" <0.05 comparedwith Walking"";gréup

Subsequent analysis us_'inc;j Mann}\?&/h?tney U test, the result showed that single
abd vl ok
leg stance-eyes open with right and leftfeg and s—_in_gLe; leg stance-eyes closed with right and

left leg tests were observed at a significantly gre@ median of stance time in three exercise

groups more than contr_orl_;group (significant difference by u§ir_1g nonparametric test with

Mann-Whitney U). In addttién, the tai chi group demonstrated a-great median of stance time
more than walking group after stance-eyes open with right and-eft leg tests (p = .004 and p =

0.031 respectively).

Center of pressure (CoP)

The complete series of balance assessment tests has been designed to
evaluate the subject’s ability to maintain balance while standing. Four aspects of stability can
be tested: the ability to maintain balance on a hard level surface (normal stability) with eyes
open (NS-EO) or eyes closed (NS-EC), and on a soft surface (perturbed stability) with eyes
open (PS-EQ) or closed (PS-EC). The system registers vertical forces, and was used to
calculate the position and the movement of center of pressure (CoP), called sway. The results

were divided into 3 sections:
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1) Anterior-posterior CoP excursion: It is an indication of the magnitude of
movement of the CoP in sagittal plane. The smaller value was better.

2) Lateral CoP excursion: It is an indication of the magnitude of movement of
the CoP in lateral plane. The smaller value was better.

3) Direction of max instability: The direction in which the subject is less stable,
and therefore most likely to fall. It corresponds to the angle between the horizontal axis and

the primary direction of movement, expressed in degrees.

(1) Anterior-Posterior CoP excursion

w
In the non-normal~disiribution case, the . nonparametric tests (minimum,

maximum, and median) werestisedsfor-quantitative data. It is interesting to note that subjects
1

in tai chi group could maintain balanege in which two aspects of the tests (PS-EO, and PS-EC)

with having a slightly greategfmedian of ’A;P éxcursion (0.8, and 1.2 cm respectively) than

other three group studies. Alsg; a small fﬁedian bf éxcursion which received by NS-EC testing

il

in tai chi group was same 1o jogging-group (O._‘?f.-t:m). For NS-EO testing, the control group

- )
had a greatly median of excursion (0.7-cm) Wheh‘r_(':‘_Ompared to the exercise groups (walking,
" "_.1:-'

tai chi, and jogging), while an identica-median vaizaé_(O.G cm) was observed in three groups

o

exercise (Table 3, see in Arppendix- A) A’dditionaﬁy’,-?h_is’ analysis-offers statistics of minimum

and maximum that subje(ﬁ_t‘s:in each group had performed the tests

The median of anterior-posterior CoP excursioriwas summarized in figure 4.8.
In both normal stability witheyes-open (NS-EQ).and eyes closed(NS-EC), the great median
A-P excursion were gbserved’in control stibjects (0.7, and 0.9 cm respectively). Furthermore,
an increase.median.of anterior-posterior CoP excursion=occurs«in all groups, after perturbed
stability with eyes'open’ (PS-EO) or closed” (PS-EC) testing. ‘However; the=median was the

lowest value (PS-EO, median = 0.8 cm; PS-EC, median = 1.2 cm) for the tai chi group.
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Fig 4.8 Median of anterior-pestedor CoP: excursion achieved by maintain balance on a
normal stability and a perturbed stability surface ‘with™ eyes open or closed in elderly

sedentary control, walking, tai chi, and jogging group.

Due to the non-normal distribution case, Kruskal-\\lallis H method was used to
detect the differences across four groups on median of anteriar-posterior CoP excursion. This
result showed that median of A-R.CoP excursion jnsall tests (NS-EO, NS-EC, PS-EO, and PS-

EC) were not significant differences across four group studies (Table 4.9)
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Table 4.9 Comparison of median of anterior-posterior CoP excursion in the subjects

Median of Anterior-Posterior CoP excursion (cm.)

T
est Control Walking Tai chi Jogging
(n=40) (n=36) (n=40) (n=33)

Normal Stability Eyes open 700 600 600 600

Eyes closed .800 .700 .700

Perturbed Stability

.800 .900
77777 1.200 1.400
(2) Lateral CoP excurs
The nonparametric tg Yrs ; i chi p demonstrated rather mild

median of lateral CoP excursi EC (0.2 cm), PS-EO (0.4 cm),

all group studies (Table 4, see ir Ap _i _ Additi ly, this analysis offers statistics of

minimum and maximum that subj eotsm’_ez:gh ol

A
A

Figure 4.9 -'—,;._;_:*_;..;;_-;.;:_-.-*_-;.._;;:_;..:.;,;, “(J ral CoP excursion in four

ad performed the tests.

aspects of stability test. Igp;e urbed ia@of excursion had tended to

increase in all group studies. Ihe tai chi group had a smaller median of lateral CoP excursion

than other groups ﬁr\ﬁﬁo’g&ﬂ EW ﬁw Elwﬂ']vﬂﬁo 4 cm) test, except in

NS-EO testing that alfigroups demonstrated an |dentlcal of median excurS|on (0.2 cm).

QW’]ﬂﬁﬂim UANINYA Y
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Fig 4.9 Median of lateral CoP ex€ursion achieved by maintain balance on a normal stability
and a perturbed stability surface with eyes open or closed in elderly sedentary control,

walking, tai chi, and jogging group

Kruskal-Wallis-H method was use-drrt-o detect fthe differences across four
groups on median of lateral CoP excursion. Significant difference at median of lateral CoP
excursion in two tests, NS-EC (p = 0.006) and PS-EC (p = 0.010), were observed across four
group studies (Table 4.10). Fér this condition, Mann-Whitney U test was used to investigate

the differences on these|variables between two groups,
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Table 4.10 Median of lateral CoP excursion in the sedentary control, walking, tai chi, and

jogging group

Median of Lateral CoP excursion (cm.)

Test Control Walking Tai chi Jogging

(n=40) (n=36) (n=40) (n=33)
Normal Stability Eyes open 200 200 200 200
Eyes closed 250 1300 200*" 300°
Perturbed Stability | £ o< .open 550 500 400 600
Eyes«cl6sed 500 600 400*" 600°

Values are median.

=

i

Significant difference by honparametric tesf:wij;h Mann-Whitney U

4
*p <0.05 compared with Coentrol‘group

f p <0.05 compared wifﬁ Walking-éfpub

v ol

$p <0.05 compared with T_;i chi groupy,

Subsequent analysis’us’in'g I\/lann-W

nitney U test, the result showed that both

normal stability with eyes'diOsed—éNS-Ee)ﬂﬁd—pefturbedﬂN&hﬂe?es closed (PS-EC) tests were

observed at a significantly Small median of lateral CoP excursion in tai chi group, which less

than control, walking, and joéging group.

(3) Direction, of max instability

This variable describes-the direstion=in which, the;subject is less stable, and

therefore most likely to fall. It Corresponds 10 the ‘angle "between the horizontal axis and the

primary direction of movement, expressed in degrees. The subject presents a direction (right

or left) while standing and maintain stability in four aspects of stability test: normal stability

with eyes open (NS-EO) or eyes closed (NS-EC), and perturbed stability with eyes open (PS-

EO) or closed (PS-EC). The main outcome of this evaluation were normal and perturbed

stability with eyes open right and left, and with eyes closed right and left.
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The descriptive statistic data of direction of max instability in normal stability
test by using nonparametric test was summarized in Table 5 (see in Appendix A). In NS-EO
test, there were 83 subjects (55.7%) and 66 subjects (44.3%) that shifted their bodies to
either right or left direction. In both direction of max instability, control group had a slightly
greater median of degree than other groups (3° in right and 6° in left direction). On the other
hand, there were 88 subjects (59.06%) and 61 subjects (40.94%) shifted their bodies to either

rection, the little median of degree (2°) was
% emonstrated lower degree (4°) than

]

right or left direction in NS-EC test. For ri

s offers statistics of minimum and

maximum that subjects in ea

Figure 4.10 r ian_of direction of max instability

received in a normal stability ed in elderly sedentary control,
walking, tai chi, and joggi a smaller median of direction of
max instability than other gro nd NS-EC; left (4°), except in
NS-EC; right direction that jog egrees (2°). Additionally, there
hich their median of degree had

decreased in NS-EC test with right‘dﬁ?eﬁ'gfgjif \|so'in NS-EC with left direction, a reduction in

AUEINENINYINS
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Fig 4.10 Median of direction‘of max instability, recé_i_v_e__d in @ normal stability surface with eyes

open or closed in elderly sedentary control; walking, tai chi, and jogging group

For perturbed stability test, there v?ér.e; 93 subjects (62.42%) and 56 subjects
(37.58%) that shifted theirbodies to either right o’r Iéff;direction when subjects performed eye
open. Otherwise, there were 85 subjects (57.05%) and 64 subjects (42.95%) shifted their
bodies to either right or left direction in PS-EC test. The median of degree from PS-EO with
right direction (9.5°) and PS-EGswith left directien (4°) were lowest in control group. Mild
degrees in PS-EO with|lefti (14°) and PS-EC with right (4°) were respectively received in
walking and tai chi group. Further analysis offers statistics of minimum and maximum that

subjects in éach group had'performed the tests (Table 6,see in/Appendix A).

The overall median of direction of max instability received in a perturbed
stability surface with eyes open or closed in elderly sedentary control, walking, tai chi, and
jogging group were shown in figure 4.11. In PS-EO with left, median of degree had tended to
increase in all group studies when compared PS-EO with right especially control and jogging

group. It is interesting to note that median of degree of PS-EC in both right and left direction
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were lower than PS-EO condition. The tai chi and control group had a smaller median of

degree than other groups for PS-EC with right (4°), and left (4°) respectively.
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Fig 4.11 Median of direction of max instability recéix?é‘d in"a perturbed stability surface with

eyes open or closed in elderly sedentary control, Waikiﬂg, tai chi, and jogging group

Kruskal-Wellis H test was used to detect the differences between four groups

on median of direction of max instability. This result showed that median of direction of max

instability in all conditions (NS-E@, NS-EC, PS-E@, and PS-EC with right and left direction)

were not significant/differences aeross four groupsstudies (Table 7| see in Appendix A).



CHAPTER V
DISCUSSION AND CONCLUSION

Ankle joint position sense

This study represents the first investigation of proprioception on four test
positions at the ankle in older adults who regularly engaged in difference types of exercise
and older adults who have no exercise under passive reproduction joint position sense test. A
total of 181 older adults were eligible for the study, alivof their feet sensations are normal.
There were 147 subjects with right foot domifiance (only 2 subjects with left foot dominance).
The complete data were obtained*from 149 subjects. Thirty two persons did not complete the
study. Two persons out of country, 5 persons had an injury/nealth problem, 11 persons lost to
follow up, and 14 other persons had ito take on their own business and family. Additionally,
there were 62 subjects with deglayed ‘onset ma;sote soreness after cardiorespiratory fitness
testing and 35 subjects with delayed onset musé]{ai soreness after body strength testing.

' a1
The ankle proprioception'ﬁrotoco'lfhfth;e present study is passive reproduction

s s Jd
el

joint position sense which is performed onﬁqwr test positions: inversion, eversion,

o el

plantarflexion, and dorsiflexion movement at the ankle jointin Fhai elderly men and women

aged 60-70 years old. Thi_égst measured the _é'ubjebt’s abilit—yit-o reproduce a target ankle
joint angle in the standing é_osition. The difference in the tes’grangle and reproduced angle
was calculated as the absoluté angular error (AAE). The protocol was set up for performing
15° inversion, 10° eversion, 12° plantarflexion, and 15°% dorsiflexion with an angular velocity of

0.25%s.

Training ‘effects

The results of this study indicate that subjects in exercise groups had better
ankle proprioceptive ability than control group, especially when performing eversion,
plantarflexion, and dorsiflexion movement at the ankle joint. It is interesting to note that the
AAE had tended to be better in walking and tai chi group when compared to control and
jogging group (Table 4.4). When investigated the differences on AAE between two groups,

Mann-Whitney U test showed significant better AAE of eversion and dorsiflexion than control



97

group in all exercise groups. While different AAE in plantarflexion movement of ankle was
only significant between walking and control group (p=.016), and tai chi and control group
(p=.000). In addition, AAE in plantarflexion and dorsiflexion was significant difference

between tai chi and jogging group (p=.013 and p=.027) (Table 4.4).

The results of primary variable included two important findings. At first, the
comparison of ankle joint position sense (ankle JPS) ability between sedentary control and
exercise groups, we hypothesized, and the results supported that subjects in exercise
groups had markedly better their ability to reprodicespassive position of ankle angles in
comparison with the control subjeets: The second important finding was that the difference in
ankle JPS ability were observedsin group exercises interaction, specifically between tai chi
and jogging, involved in sensesof plantarflexion and dorsiflexion motion.

.

Regarding improyements in-proprioception at first issue, demonstrated by
enhanced joint position senseysuggest tﬁat any‘%'?éércises had elicited proprioception training
based on the fact that deformation of the joint r'r]ébﬁ'anoreceptors providing sensory input to
improve neural mechanism (Ellenbecker-and Blééé_ﬁgr, 2004). Indeed, at the peripheral level,

d g Aol
il

the construction of proprioceptioh is baseﬁn the cumulative neural input from
mechanoreceptors (articular, mustc—uﬁl-arr, and c&é;wgoﬁs receptors) (Ribeiro and Oliveira,
2007). Muscle spindle, é fybe of muscle receptors, is the mraj,orr mechanoreceptors which
provide a necessary Complehentary neural contribution in addition to the information of joint
sensibility from the articular feegptors (Lepharteet al., 1998; Ribeiro and Oliveira, 2007).
Regular physical activity, can induce imorpholegical adaptationsgin the muscle spindle

involved in proprioception (Ribeiro andg Oliveira, 2007), this study indicate that regular

physical activity has influence onankle.proprioception.

This is the only report of ankle joint position sense ability at four test positions:
inversion (IV), eversion (EV), plantarflexion (PF), and dorsiflexion (DF) during weight-bearing
in older adults. Although, little evidence currently exists regarding the effect of exercises on
ankle proprioception at different ankle positions, other one has studied the effect of athletic
training on ankle proprioception with contradictory participant group. Aydin et al. (2000)

evaluated passive joint position of ankle joint in gymnasts. They found that trained gymnastic
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group significantly improved joint position sense for both inversion and plantarflexion. Our
study revealed that active elderly, tai chi and walking, subjects showed significantly better
joint position sense for three test positions (EV, PF, and DF) when compared to the control
group (Table 4.4). Additionally, the jogging subjects also demonstrated well AAE than the
control subjects in EV and DF motions. One reason for these improvements may be the
decision criterion necessary for tests of passive repositioning test (Aydin et al., 2000).
Regular physical activity is sufficient to istimulate cutaneous nerve tissue and/or
mechanoreceptors in the muscle ligaments, and joiat capsule of the ankle joint. Stimulation of
these mechanoreceptors may result-in earIiJer and.enhanced muscular contractions, thus
protecting and stabilizing the-jeint (Heit.et al., 1996; Lephart et al., 1996). Focusing on the
joint receptors, they are exeited by tension crleated in joint capsule and ligaments and may
have the dominant role in sighaling jeint positien sense (Lephart, 1993; Guanche et al., 2000;
Aydin et al., 2000). If regular exercises are best swted to senses changes involved in the
perception of joint position, jaint receptors mayJ be more valuable in fine judgments of joint
position, this would explain why the AAE for passwe judgments of JPS in active elderly

subjects were significantly better than sedentary control subjects.
sLhd

Furthermore, several ‘other studies_'-'(Petrella et al., 1997; Xu et al., 2004;
Thompson et al., 2003; Teang and Hui-Chan, 2003; Tsang and Hui-Chan, 2004) have been
conducted to examine the effects of regular activity or training ontjoint proprioception in older
adult. These studies examined joint proprioception by using various methods. All of the
studies consistently Tevealed animprovemént atjoint|pfoprioception. Four of these studies
(Petrella, Thompson,z@and 2 studies of Tsang) used passive/active joint repositioning test and
kinaesthesia“technique to, examinezknee joint proprioceptiensintactive elderly; whereas other
one (Xu) used kinaesthesia technique to investigate the proprioception of ankle and knee
joints in active elderly. It should also be noted that several of the studies were conducted to
investigate the proprioception under different kinds of exercise: aerobic exercise program
with or without additional strength training, tai chi, strength training, and golf. Although there
were different methods in examining the lower limbs proprioception, the results also showed

better in joint proprioception in exercise groups that was supported by this study.
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Measures of JPS on inversion movement at the ankle demonstrated no
significant across 4 group studies. However, tai chi had better their inversion movement than
other kinds of exercise (Table 4.4). Contrary to the lack of improvement in particular
movement pattern in the present study, Li et al. (2008) noted that no significant improvement
was found for ankle kinaesthesia (motion sense) between plantarflexion (PF), and dorsiflexion
(DF) in tai chi group. They thought that the 16-week tai chi intervention might be not longer
enough. However, not only did in tai chi group, but also included walking and jogging group
in our study which showed no significant in" ankle.IV movement by group interaction.
Indicating that the training effect oi these %ercises on |V pattern was not obvious. One
possibility to explain why grouprexercises did not show anyssignificant in ankle [V movement
is, lacking of correspondeneé dusing.their, tra{lning task on the IV motion. Because the most
common mechanism of ankie injury is an i__nvva‘_rdrturning (I\V pattern) of the sole and the front
of the foot (Peterson and Reastrom, 20025. Aoo?arding to the mechanism of injury, any type of
exercise in our study may notthave dorﬁ.inant rgled;in V- movement pattern. Therefore, to fine
judgment of ankle joint position invalved in 1\ m(j';\-/'érﬁent, these exercise patterns may be less
sid ¥/

valuable to do this task. =
74

lll-"

The second importantfinding Was';f;jéﬁ the difference in ankle JPS ability were
observed in group exercisés_miecacﬂm_spﬂciﬁaaﬂy_beiweenié}ii ¢hi and jogging, involved in
senses of PF and DF motien. It could be suggested that tai- c‘:,r’ﬂ exercisers had markedly
better their ability to reprodu’ée passive position of ankle angles in comparison with the other
groups. This finding-is ©ohsistert with thel previeusistudies of Xu €t al. (2004) and Li et al.
(2008) who studied the effect of tai chi training on ankle proprioception. The authors reported
that tai chimexergisers,/showed, better, proprioception+ofy ankle jointscempared with the
untrained group. These studies indicated that the training has some' influence on ankle

proprioception.
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Beneficial effects of exercise on ankle proprioception

Tai chi exercise is a series of individual graceful improvements in a slow,
continuous, circular pattern. Tai chi exercise demands precise joint movement, stability, and
balance. Performing tai chi depends on either double stance weight-bearing or single weight-
bearing manoeuvres, which further require the pivoting of the whole body (Wong et al., 2001).
The movements of tai chi are gracefully fluent and consummately precise because specificity
of joint angles and body position is critical importance in accurately and correctly performing
each form (Jacobson et al., 1997). Furthermore; the_continuous transformation of different
postures and steps cause more'ehanges in ankle joint movements. These movements help to
retain the sensitivity of propriocgptorstlocated in the joint capsules, ligaments, tendons, and
muscles. Acute awareness of boedy paosition and movement is.demanded by the nature of the
activity (Xu et al., 2004). Hainfet al./(1999) noted that the progressive nature of balance

_—

training is similar to process of learning tai chi f%rm_;

Further Wilkerson and ‘Nitz (1_9-921)-' indicated that exercises designed to

r
|

enhance balance may improve one’s awareness of-the location of the center of gravity and

#eid Jd
el

increase the responsiveness and sensitivity of mechanoreceptors, thereby increasing

proprioceptive input to CNS. The :bas-sibility Tsén'éqa_r;d Hui-Chan (2003) raise is that the

improvement of joint prdp;rio—ception by tai chi could be therQh increased output of the
muscle spindles through thé_ gamma route during voluntary rrjovement (Ashton-Miller et al.,
2001; Granit, 1970). In this €opnection, repeated practice of a motor skill is thought to
increase muscle spindles outputs| which™ could increased strength of synaptic connections
and/or structural changes in the organization and numbers of connections among neurons
(Shumway-Cook and Woullacott, 2001). Thus, the theoreticall poessibility:is;supported by the

results of our study.

Considering to walking and jogging exercise, two of the most common
exercises practiced by elderly people; they are form of aerobic exercise, cyclic repetitive
actions, and provide good training stimuli for cardiorespiratory fitness and muscle strength
(Xu et al., 2004; Overstall, 2003). In performing walking, it is likely that this approximately 65%

of the gait cycle is weight-bearing (closed kinetic chain) and 35% is non-weight-bearing
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(open kinetic chain). Interestingly, during running or jogging, the percentages of closed and
open kinetic chain motions essentially reverse (Ellenbecker and Davies, 2001). Bunton et al.
(1993) reported that the goal of closed kinetic chain is to improve proprioceptive sensation,
and to establish the stability of lower limbs when unexpected change of direction or speed of
movement occurs in these limbs. This might partly explain why walking group displayed

improvement ankle JPS similar to the tai chi group.

Muscle strength

The results from-this study incjicated that.the great number of repetitions for
the upper body strength testing.was respectively received in jogging, walking, tai chi, and
control group. Additionally, thefresult showed no significant difference was noted in the lower
body strength. The repetition for Jower body lg,trf.ength testing in jogging group was greater
than other three groups, whilgiconirol grourp vva:s, fower than all exercise groups (Table 4.6).

v
Aging is assoclated with a decreased muscular strength that affects the major

postural functions (Whipple etal., 1987); Severa'ld;étﬁdies have shown that training allowings

to counteract age-related balance impairment (Campbell et al., 1997) and may improve

postural control by acting on balance sensors (Hpﬁa}rjd_Woollacott, 1994; Perrin et al., 1999)

or on the motor response through an increase of muscular S_tfength (Wolfson et al., 1996).

Postural control may rely Upon the proper use and function of sensory afferences, but could
also depend on the muscular strength of lower limb (Gauchard et al., 1999). The paper by
Dieen and Pijnappels (2007); furthersaddressed-leg imuscle strepgth is a determinant of
capability to recover, balance. The issuge of lower body strength through exercises in this
study has shown..that repetition of. testing is,great ia"jogging, group,” but no significant
improvement as‘a‘function of the'exercise training (Table 4.6). Although walking (Hagberg et
al., 1989; Cononie et al., 1991; Overstall, 2003), tai chi (Li et al., 2001[a]; Li et al., 2001[b])
and jogging (Xu et al., 2004; Xu et al., 2005) produced a positive impact on lower body
strength, jogging group has been shown better repetition of testing. Despite having a positive
impact to muscular strength, it was felt that the gender imbalance (26 males and only 7

females participated in the jogging) might have bias the summary data.
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Interestingly, impairment in lower extremity strength is primary factor which
collectively contribute to increased likelihood of falling (Lord and Ward, 1994; Lord et al.,
1999; American Geriatrics Society, 2001; Lord and Sturnieks, 2005). The exercise training
might partly promote leg muscle strength according to the theory. Consequently, there is a
decrease in rate of falling in exercise groups. Not only did the measurement of lower body
strength, but performance also based measurement of upper body strength with arm curl
test. Improvement in arm muscle strength was observed in walking and jogging group. It is
possible that someone in both groups may engaged in activities designed to strengthen the
upper extremities during their commaon exerciJse for period of one year or more. However, no
evidence considers upper lim«(arm).stiength is the prineiple segment concerning postural

control.

Balance

Functional reach and timed up and.go tes?

Functional reach and the timed u}p;ahd go (TUG) test are typical examples of

I |F A

performance based measurements of balance an‘d_,_'gait impairment. The result suggested
that all three exercise groups can p,r,orgr:_{,uce improvet_(_n_e;rjt_ in functional reach and timed up and
go test. Our results have rshqwn that tai chi and jogging have best functional reach and TUG
test respectively. However; no significant was observed across €xercise groups (Table 4.7).

These improvements may reduce the risk of falling in older aduits.

Several different exercise modes and modalities designed to improve balance
have been studied. Brook-Wavell et al. (1998) found something as simple as brisk walking
can improve, postural | stability in{healthy women /aged 61-71 years. Kreb ‘et al. (1998) have
suggested that six month of moderate intensity lower limb strength training, using elastic
band resistance exercises three times a week in functionally limited adults with mean age of
75 years will also improve gait stability. Lan et al. (1996) found that long term tai chi
practitioners showed better scores in stand and reach test. Likewise, Brandt et al. (1996)
reported that a training program based on the manipulation of sensory inputs significantly
improve postural stability. Tanaka et al. (1996) found that a training program designed to

improve both sensory and motor function is effective in the improvement of balance among
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older adults. A study in Japan recruited active, independent older women aged 72-87 years
to a three-month dance-based aerobic exercise program. Classes lasted 60 minutes and
were held three times a week. There were significant improvement in balance (Single-leg

balance with eye closed and functional reach) and mobility/agility (Shigematsu et al., 2002).

Theoretically, exercises are individualized and focus on improving postural
alignment and orientation and muscular system, developing strategies for recovery balance,
improving anticipatory postural adjustments before voluntary movements, gait stability, and
improving balance during every task (Overstall; 2003;.Dieen and Pijnappels, 2007). In this
study, an increase tendency oftelderly with effective funetional reach is respectively tai chi,
jogging, walking, and control group and with effective TUG respectively is jogging, tai chi,
walking, and control group (Fable 4.7). It possible that these exercise training which
manipulates muscular and/or balapce system'm’éy be the most effective means to improve

_—

balance and gait in older adults, L 4
/

Single leg stance
." !|

Single stance time is lone-of the i'r'i(is,'t challenging gauges of stability while
standing on a narrow area support. lt-has beenlf;_e'jrequently use measured of balance in
physical training studies involving older adults (Whipples, 1996). The single leg stance test is
a test of static balance, which includes balancing on one leg for a specified amount of time
with eyes open or closed (Guskiewicz and Perrin, 1996). Our results have shown that
participating regularsexercise couldiimproye:balancecontrol~asstheirseemed to be a tai chi,
jogging, and walkings hierarchy (Table 4.8). The present study found that the stance time of
the tai chi group were better, than that-of the others-groups; consistent withsthe review of Wu

(2002) who reported that' participating in tai ‘chi on a regular“basis improves the ability to

stand on one leg.

Cross sectional studies have provided positive evidence that tai chi has
beneficial effects on balance. Tse and Bailey (1992) reported that tai chi practitioners were
significantly better at performing right and left single leg stances with their eyes open than

non-practitioners. However, this was not the case for single leg stances with eyes closed.
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Hong et al. (2000) found a significant difference between tai chi practitioners and
non-practitioners in single leg stance time with eyes closed. Besides the cross sectional
studies, a number of tai chi intervention studies of balance capacity in elderly people have
been conducted. Schaller (1996) found that a 10 week course of an easy to learn westernized
form of tai chi resulted in significant improvements to the scores of single leg stances with

eyes open, but not in those with eyes closed.

In fact, classical tai chi needs to be performed continuous and slowly, with
knee flexion and weight shifting, straight and extendedshead and trunk, as well as unilateral
weight bearing with constant shifting. All of these are associated with the use of internal
feedback to control the center ofsmass, thus benefiting balance ability regardless of whether
eyes are open or closed (Hon@ et al., ZOOOi. This fact may indicate that tai chi exercise

produces more benefit for balance éontrol'and-thus for postural control of older persons.

_—

Center of pressure exgursion (CoPexcursion)

Balance is the ability to rr_wlaintain?ftﬁg -body’s position over its base of support.
The center of gravity of the body shifts contin@;s’iy even during quiet upright standing.
Postural sway is the corrective body,.m0vement3j;_eédﬁmg from the control of body position
and is determined by méasuring the location and amount _of ¢change that occurs in the
position of vertical force vector projected onto a horizontalﬁlane. Traditionally, postural
stability has been measured"by determining the excursion or degree of motion of the CoP at
the surface of the stupport through forcelplatform:technologyy(Nashner, 1993; Tanaka et al.,
1996; Overstall, 2003): Postural sway is usually measured during quiet, upright standing, and
thus reflectssthegbody's+effort=to maintainy balance, insthaiy pesture, swithy increased sway

indicating greater effort and thus poorer balance (Rogers'et al., 2001).

Our study found no significant difference between active healthy subjects and
sedentary subjects on anterior-posterior (A-P) CoP excursion (Table 4.7) and direction of max
instability (Table 6 in Appendix A) with eyes open and closed, for both the normal and
perturbed stability surface. In fact, physical and sporting activities increasing the ankle’s

muscular force and/or tactile sensitivity and proprioception (Nardone et al., 1990).
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Proprioception and sensory input from the plantar surface of the feet have been reported to
be the important sensorial system for maintaining balance under normal conditions (Lord et
al.,, 1991). Physical activities, through the increased usage of these seem to allow more
efficient postural adaptation (Perrin et al., 1999), hence benefiting balance control regardless
of whether normal and perturbed stability conditions. Nonetheless, previous researchers
(Horak et al., 1989; You et al., 2002; Stelmach and Sirica, 1986; Levin and Benton, 1973: You,
2005) have suggested that older adults. may compensate for deteriorated proprioception
(peripheral input) by enhancing sensitivity of the .ceatral encoding of sensory sequences
(central inputs), therefore sedentary older aglults Withea history of falls allows for postural

control (sway path) for a similameompared with the exercise .groups in this case.

However, the taifchisgroup significantly exhibited reducing in sway path only
in the lateral excursion with seyes closed, for both the normal and perturbed stability
conditions (Table 4.10). This improyvement is rel}lted to tai chi movement characteristics. The
tai chi forms practiced predominant_ly_dema'r_fql j;Qint movement, stability, and balance.
Jacobson et al. (1997) compared the:latcral ;fé@gk.)ility of 'two healthy older groups who
participated in a 12-week tai chi ptogram or niéiércise program. The authors reported

significant differences between twe-grotps after training, but they did not mention whether

the differences were positive.cr.negative.

Additionally, t;here are many studies that evaluated the effectiveness of tai chi
on balance using postural platforms and the study.findings are not consistent. In the study by
Lin et al. (2000), they canducteda crass-sectional study that included subjects between the
ages of 66 and 74. It was found that, thegtai chi practitioners (2-35 yearsof experience) did
significantly‘better in the twa most difficult sensory organizationconditions (sway-referenced
support with eyes closed and sway-referenced vision and support), agreeing with the results
of Wong et al. (2001) who suggested that elderly people who regularly practice tai chi
showed better postural stability in the more challenging conditions than those who do not

(e.g., condition with simultaneous disturbance of vision and porprioception).

Similarly, Forrest (1997) measured the CoP displacement while standing on an

unstable support surface that was disturbed by a self-droping load. It was found that the CoP
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displacement anterior/posterior and lateral directions were significantly reduced after tai chi
training. Another study by Wolf et al. (1997) showed negative results. In this study, the
authors examined the CoP displacement in the medial-lateral and anterior-posterior directions
with and without vision. After a 15-week (twice a week) tai chi program, no significant
differences were found, compared with pretraining, in any testing conditions for those

subjects who participated in tai chi training.

Overall, the review of Wu (2002) suggested that even with sufficient amount of
practice, the testing conditions «that present” mere..ehallenging environments (such as
dynamic vs static and disturbanee of two sensory Systems vs only one) seem more likely to

show significant changes.
Falls

Our finding that the sedentary cant;ol group have the most fell in the last year
with represented 30%, while exercise groupsi_reported having fell in the last year 25%,
22.50%, and 24.24% in walking, tai-cﬁi, and}j—g;)g;ging group respectively (Table 4.2). It
appears that regular physical activity; especially téié@hi, IS an important preventative activity

against falls (Lauritzen et al., 1993; O Loughlin et.aﬂ_-,;_j993).

The mostrlrahding or falling, which occurs as a fesult of plantarflexion and
inverted ankle, often induces ankle sprains (Nordin and Frankel, 2001; Sekizawa et al., 2001)
and may be including the ensuing contusion and/or abrasion. One interesting aspect of this
point is that ankle JPS in_plantarflexion andlinversion'motions tended to be markedly better
than other kinds of "exercise in tai chi_practitioners (Table 4.4). Mareover, elderly who
regularly practice tai chi‘also showed greatest balance control in-more challenging conditions
than those who do not, even their lower body strength was not obvious as well as jogging and
walking group. It appears that regular tai chi could against falls. Thus, improvement in ankle
proprioception, specifically inversion and plantarflexion movements, is more influential factor

which contributes to decrease falls risk in older adults.

If considering to aerobic exercise, jogging and walking, the results

demonstrated that walking did better ankle JPS involving eversion (EV), plantarflexion (PF),
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and dosiflexion (DF) motions (Table 4.4), and has less lower body strength as compared to
jogging group (Table 4.6). In other words, jogging does well affect joint position sense in
inversion (IV) (Table 4.4) and has more benefit in promote leg muscle strength as compared
to walking (Table 4.6). For this reason, there is a decrease in rate of falling in jogging group.
However, this result almost was indifference compared with walking group. All in all,
improvement in both ankle JPS, especially IV and PF, and muscular strength of lower limb are

powerful factor in preventing falls in elderly.

Accumulating evi Ctured exercise help maintain an

independent life by maintai e, strength, endurance, bone

)

assomated with falls in older age.

But some types and pattern i seem fo improve postural stability, let alone

density, and functional ability

In spite of ha e group, fall incidents and the
ensuing injury process are mos 5 (Table 4.2). On the one hand, a
fitter quicker group of elderly Fj while about their daily activities
(Speechley and Tinetti, 1991). Howev people may spend less time in hospital

ﬂﬂﬂ’ﬁ'ﬂﬂ‘ﬂ‘ﬁﬂﬂ?ﬂ‘i
Qﬁﬂﬂﬂﬂ‘im UAIINYAY



108

Conclusion

The decline in ankle proprioception with age may be an important contributing
factor to falls in the elderly, and this may be influenced by regular exercise. This study
showed that, compared with elderly who had common activities over one year experience
and elderly who seldom practiced any physical and sporting activities, active elderly who

engaged in regularly exercise as either walking, tai chi, or jogging had better ankle

Additionally, a TIUSC rength of lower limb involving regular
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APPENDIX A

Descriptive statistics

Table 1 Descriptive statistics of absolute angular error in ankle joint position test

Absolute angular error (degree)
T Descriptive Total
est . Lo .
statistics Control Iking Tai chi Jogging (n=149)
(n=40) (n=33)
15° Inversion Mean (S.D) 888 '520(1.303)|2.771(1.770) | 2.946(1.809)

Minimum .%WO 560 000
Maximufm . \ ) ‘?_‘\'\6.50 7.240 10.000

N
2,040 2.500 2.610
N

10° Eversion \@@*191) 2.230(1.089) | 2.363(1.321)

Minimu 40 d=rr 174 1 3!0 450 210

Maximum .500 4.500 7.720

Median 2.080 2.250 2.190

3.025(1.544) | 2.899(1.665)

12° Plantarflexion | Mean ,ﬁ D)
s

Mini 340 110
. o
Maximuxu 4&0 7.600 8.250
6 3.190 2.750
RIAN &
15" Dorsiflexion 121120(1.396) | o7l1!143) %.522(1.270) 2.615(1.761)

= L

ARIES AT R I vl Ay
™ 1 1 LJ ol LJ

q Maximum 12.250 6.700 4.680 7.200 12.250

Median 3.630 1.885 1.935 2.430 2.400




132

Table 2 Descriptive statistics of subject’s ability to maintain balance in single leg stance test

Group
T Descriptive Total
est . - .
statistics Control Walking Tai chi Jogging (n=149)
(n=40) (n=36) (n=40) (n=33)
SLT with eye open Mean (S.D) | 9.97(8.24) |26.03(27.77)[49.27(60.91)|39.53(44.36)|30.95(42.84)
Right (sec.)
Minimum 2.84 213 5.77 2.02 2.02
-
Maximum 344.49 204.11 344.49
Median 31.22 20.99 16.37

Left (sec.)

SLT with eye open

Right (sec.)

SLT with eye closed

46.71(53.52)

31.99(46.63)

Left (sec.)

SLT with eye closed

2.14 2.01
229.80 307.91
31.78 14.32
9.09(7.12) | 6.93(6.71)
1.42 1.21
Maximum 21.94 28.56 41.48
7.59 4.31
8.81(9.37) | 6.33(6.52)
1.24 58
48.86 48.86
6.66 4.27

AMIANNTAIS




Table 3 Descriptive statistics of anterior-posterior CoP excursion
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Anterior-Posterior CoP excursion (cm.)

Descriptive Total
Test . - .
statistics Control Walking Tai chi Jogging (n=149)
(n=40) (n=36) (n=40) (n=33)

Normal Stability Mean (S.D) | .655(.231) | .672(.240) | .593(.153) | .597(.185) | .630(.206)
with eyes open

Minimum 200 800 300 300 200

Maximum 1.300 1.800 1.000 1.100 1.300

Median 700 [T 600 600 600 600
Normal Stability Mean (S.D)ef"855(.827) || 789(.258) | 678(.197) | .769(.314) | .772(.281)
with eyes closed 41

Minimum 800 400 1300 080 .080

Maximu #1500 | 1.800 1,200 1.700 1.800

v

Median 00 . ¥.800 700 700 700
Perturbed Stability | \jean (S.D)f| 1000(240) | 925(295) | 808(259) | .936(.386) | .889(.297)
with eyes open aid i

Minimum #4408, 400 /, 400 300 300

Maximum | _ 4.500 TT‘?;:Q_EL « | 1500 1.700 1.700

Medigd 900 900 800/ | 900 800
Perturbed Stability | \jean (S1D) |1.320(.479) | 1.336(:401) | 1.213(865) | 1.452(.429) | 1.324(.425)
with eyes closed >, o

Minimum 700 600 500 600 500

Maximum 3.600 2400 2.100 2.300 3.600

Median 1.300 1.350 1.200 1.400 1.300
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Table 4 Descriptive statistics of lateral CoP excursion

Lateral CoP excursion (cm.)
Descriptive Total

Test . L .
statistics Control Walking Tai chi Jogging (n=149)
(n=40) (n=36) (n=40) (n=33)

Normal Stability with | \ean (S.D) | .245(.106) | .256(.108) | .240(.103) | .224(.087) | .242(.101)
eyes open

Minimum 100 100 100 100 100

Maximum ' ‘ 500 400 500

Median N ~.200 .200 .200
Normal Stability with | \ean (s 8) | . 98(.077) | .248(.115) | 245(.112)
eyes closed N, E

Minimum b TN .100 .100 .100

Maximu % A8, 1,500 500 800

Median 50 (k4800 [ 200 300 200

L Y
o il o |

Perturbed Stability | Mean (S.D 08(:357)., -538(i22 483(202) | .591(.291) | .552(.277)
with eyes open i :

Minimum 0 .200 .200 .200

Maximum | 2000 1.100 1.300 2.000

A Ay y e
) "’-—":-":’ -‘f = -
Median 550 . 4 600 500
- , )

Perturbed Stability M D) | .595(.31 0(611) | .638(.346) | .599(.408)
with eyes closed T'L El)

MinimJn 100 200 0 140 100

A o 1500 4.000
I d

.600 .500

AMIANITNNNINYIAE




Table 5 Descriptive statistics of direction of max instability in normal stability test
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Direction of Max Instability (degree)

Descriptive Total
Test statistics Control Walking Tai chi Jogging ol
(n=40) (n=36) (n=40) (n=33)
Normal Stability Mean (S.D) | 5.00(5.35) | 5.25(4.60) | 9.74(13.70) | 7.53(6.28) | 6.66(8.16)
with eyes open
, Minimum 0.00 0.00 0.00 0.00 0.00
Right ) g
Maximum 60.00 23.00 60.00
Median 5.00 6.00 4.00
Normal Stability Mean (S (17.54)| 6.63(4.75) | 9.68(11.25)
with eyes open =
Minimum 1.00 1.00
Left
15.00 85.00
7.50 8.00
Normal Stability ' 4.&(4.69) 3.42(4.48) | 4.89(5.32)
with eyes closed =T
. : . 0.00 0.00
Right —,
Maximum : 0 . 18.00 32.00
. o e e
Megﬂn 5.00 7 ﬂfj 2.00 3.50
Normal Stability Me D) | 5.29(4.34) 8) | 7.14(5.95) | 6.30(4.99)
with eyes closed mah - EE
Mini 1.00 1.00 0 2.00 1.00
Left
-
%x'n&rr = ﬂ%—? | ,;;Isgc‘ o 24.00 24.00
ﬂwé&ap 9 Vibe' * L Mol 4 500 5.00

AMIAINTAIS




Table 6 Descriptive statistics of direction of max instability in perturbed stability test
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Direction of Max Instability (degree)

Descriptive Total
Test statistics Control Walking Tai chi Jogging ola
(n=40) (n=36) (n=40) (n=33)
Perturbed Stability Mean (S.D) [17.23(23.31) [19.39(19.68)|17.52(14.63)| 19.43(18.08)[ 18.33(19.07)
with eyes open
_ Minimum 0.00 0.00 3.00 0.00 0.00
Right
Maximum 84.00 72.00_ 62.00 70.00 84.00
Median 950 4 1100 12.00 15.00 11.00
Perturbed Stability Mean (DY | 25:17%(21.86)|18.15(17.49)|22:59(22.87) | 29.75(25.48)| 23.73(21.86)
with eyes open "
Minimum | #2100 h 6.00 2.00 1.00 1.00
Left W 4 \
" F
Maximuin/ 74008 “ |2 473.00 86.00 77.00 86.00
r J — —
Median . 21,50 '5 14.00 15.00 22.50 16.00
Perturbed Stability | Mean (S.0)f| 8.11(9.79) | 7,52(11.96) | 6.70(7.57) | 5.17(4.95) | 6.89(8.85)
’ g iy o
with eyes closed 7 ) ~f
_ Minimum 0.00° 210,00 0.00 0.00 0.00
nght # = = ;:.':1
T TS LT
Maximum “46.00 46.00 28.00 17.00 46.00
- :- ,,f'.“"-i"
Median 6.00 5.00 4.00 5.00 5.00
Perturbed Stability | Mean/(S.D) |9.48(16.86) | 7.93(4.48) | 5.23(2.86) |10.33(13.26)| 8.45(11.78)
with eyes closed il i
Minimum 1.00 1.00 1.00 2.00 1.00
Left
Maximum 74.00 15.00 10.00 55.00 74.00
Mediar 4.00 8.00 5.00 7.00 5.00
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Table 7 Median of direction of max instability in the sedentary control, walking, tai chi, and

jogging group

Median of Direction of Max Instability (degree)

o J"lﬁﬁ » \\‘"\&\

Test Control Walking Tai chi Jogging

(n=40) (n=36) (n=40) (n=33)

Normal Stability Eyes Right 3.00 4.00 5.00 6.00
9.00 7.50

3.00 2.00

5.00 5.00

Perturbed Stability E N ] 12.00 15.00
o / 1A | 0™ 150 | 2250

llﬂ"&t’ @\\k\ 0 4.00 5.00

5.00 7.00

ﬂ‘lJEl’JT’IEWIiWEI']ﬂ?
QWW&Nﬂ‘iﬂJ UAIINYAY
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APPENDIX B

Median Frequencies

In the non-normal distribution case, the nonparametric test was used for
quantitative data. Table 8-12 represented number of subjects in each group who

demonstrated result more or less than sum median of the overall subjects.
Passive to Passive Reproduction of Ankle JoiniPeosition

The number of subjects in each group-that achieved absolute angular error
more or less than sum median of«thesoverall subjects was shown in Table 8. There were
62.5% (inversion), 65% (plantasflexion), ‘and @7.5% (dorsiflexion) of the all tai chi subjects
who had less absolute angular error than éym median of absolute angular error when
compared the subjects in sedengary/cantrol, wafkir]rg, and jogging group.

4

o

Table 8 Number of subjects in each group-that achieved absolute angular error more or less

than median value of the overall subjects-'— ?’:*’_t"-',
TH__ Frequencies

Test Median Control \/\/glkin{_; A Tai chi Jogging

(n=40) (n=36)" | (n=40) (n=33)
15” Inversion, n (%) > Median 26 (65.00) | 19 (52.78)| 15(37.50) | 14 (42.42)
< Mediah 14135100 | 47 (47.22) [ 25 (62.50) | 19 (57.58)
10" Eversion, n (%) > Median 26 (65.00) | .14 (38.89) | 17442.50) | 17 (51.52)
< |Median 14/(3600)|| @2l61.11) | 128(67.50) | 16 (48.48)
12° Plantarflexion, n (%) | > Median 25 (62.50) | 16 (44.44) | 14 (35.00) | 19 (57.58)
< Median 15 (37.50) | 20 (55.56) | 26 (65.00) | 14 (42.42)
15" Dorsiflexion, n (%) > Median 30 (75.00) | 13(36.11)| 13(32.50) | 18 (54.55)
< Median 10 (25.00)| 23 (63.89) | 27 (67.50)| 15 (45.45)
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Single Leg Stance

There were 75% (SLT-EO with right leg), 72.5% (SLT-EO with left leg), and
65% (SLT-EC with left leg) of the all tai chi subjects who had more time standing than sum

median of time when compared the subjects in sedentary control, walking, and jogging group.

Table 9 Number of subjects in each group that achieved ability to maintain balance more or

less than median value of the overall subjec

. ’// Frequencies
Test f’ ont alking Tai chi Jogging
n =36) (n=40) (n=33)
SLT with eye open j - ) \\\ 8) | 30(75.00) | 19(57.58)
. n (%) Right o AN, N
_34.(85. \ Wz) 10 (25.00) | 14 (42.42)
dign |8 oo‘). \00) 29 (72.50) | 19 (57.58)
Left ‘ -
ian 2 52/(80,00) | 0.00) | 11(27.50) | 14 (42.42)
A \
SLT with eye closed > Mediar=<t 12 (52.78) | 21(52.50) | 22 (66.67)
, N (%) Right {‘;f—;_#g_.
_ sdian “|- 24 47. 19 (47.50) | 11 (33.33)
- .
C 26 (65.00) | 21 (63.64)
Left —
1 < Median 50) 18(5&])0) 14 (35.00) | 12 (36.36)

AUEINENTNEINT
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Center of pressure (CoP)
(1) Anterior-Posterior CoP excursion

The result note that the tai chi group demonstrated a greater number of
subjects who had anterior-posterior CoP excursion, with NS-EO (70%); NS-EC (67.5%); and
PS-EOQ (65%) tests, less than sum median of A-P excursion when compared the subjects in

sedentary control, walking, and jogging gro

Table 10 Number of subjects in h )d anterior-posterior CoP excursion
more or less than median vaéra”@bjeﬁi

requencies

Test Tai chi Jogging

(n=40) (n=33)

Normal Stability, 12 (30.00) | 11 (33.33)

n (%) Eyes open
28 (70.00) | 22 (66.67)

13 (32.50) | 15 (45.45)

Eyes closed
27 (67.50) | 18 (54.55)

ae

n (%)
26 (65.00) | 16 (48.48)
. 15 (37.50) | 20 (60.61)
25 (62.50) | 13(39.39)
o
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(2) Lateral CoP excursion

There were 85%, 72.5%, and 77.5% of the all tai chi subjects who had less
lateral CoP excursion than sum median of lateral excursion when compared the subjects in

sedentary control, walking, and jogging group.

Table 11 Number of subjects in each group that achieved lateral CoP excursion more or less

than median value of the overall subjects

Frequencies

Test Median 4 ~4nrol Walking Tai chi Jogging

(n=40) (n=36) (n=40) (n=33)

Normal Stability, > Medfan |115(37.50) | 17.(47.22) | 17 (42.50) | 11 (33.33)
n (%) Eyes open ; -
S Median™ {25 (62.50) |, 19.(52.78) | 23 (57.50) | 22 (66.67)
v
# Median' |20 (50.00) | 19(52.78)| 6 (15.00) | 17 (51.52)
Eyes closed = =
< Median | 20(50.00)| 1% (47.22) | 34 (85.00) | 16 (48.48)
WA
Perturbed Stability, > Niedian | 20(50.00) | 17 (47.22) | 11 (27.50) | 17 (51.52)
n (%) Eyes open — ﬁ—
< Median | 20(50.00) | 19 (52.78) | 29 (72.50) | 16 (48.48)
. - Median 16 (40.00) | 20 \35.56) 9 (22.50) | 18 (54.55)
Eyes closed -
|| = Median|'24(60.00) | 16 (44.44) | 31 (77.50) | 15 (45.45)

(3) Direction of max instability

Table. 12 revealed.-the-number, of ,subjectss in, each ,group that achieved
direction of max instability"more or'less than median value of the total subjects’in each section.
There were 19.28%, 17.2%, and 21.88% of the control subjects who had less median of
degree than sum median in following sections, NS-EO with right; PS-EO with right; and PS-EC
with left when compared the subjects in sedentary control, walking, and jogging group. While
tai chi group showed numbers of subjects (15.91%, 18.03%, and 18.82%) who give a less
median of degree than sum median in following sections, NS-EC with right; NS-EC with left;

and PS-EC with right when compared the subjects in other groups.
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Table 12 Number of subjects in each group that achieved direction of max instability more or

less than median value of the total subjects in each section

Frequencies
Test Median Control Walking Tai chi Jogging
(n=40) (n=36) (n=40) (n=33)
Normal Stability with > Median. | 11 (13.25) | 9(10.84) | 10 (12.05) | 11 (13.25)
eyes open, n (%) Right -
< Median | 16/1928) | 11 (13.25) | 9(10.84) | 6(7.23)
~ Median ) 4(6.06)..8(12.12) | 11 (16.67) | 4 (6.06)
Left
| ="Vedian’ | 19(18.63)| 8(12.12) | 10 (15.15) | 12 (18.18)
Normal Stability with /f> Médian 115 (17.04) | 11 (42.50) | 11 (12.50) | 7 (7.95)
eyes closed, n (%) Right & i
£ Vedian_ |, 8(9.09) | 10(11.36) | 14 (15.91) | 12 (13.64)
F ] L L
A £ Median :"7 (1148) | 9(14.75) | 4(6.56) | 6 (9.84)
Left R
< Median 1;@}16.39) 6(9.84) | 11(18.03) | 8 (13.11)
Perturbed Stability with > Medfan | 10.(10.75) | 11 (11.83) | 12 (12.90) | 11 (11.83)
eyes open, n (%) Right T o
_ < Median | 16(17:20)4y12 (12.90) | 11 (11.83) | 10 (10.75)
U7 7= Wiedian | 8 (14288 (6.36) | 8(14.8) | 8(14.28)
eft -
| £ Median | 6(10.71) | 10(17.86) | 9(16.07)| 4 (7.14)
Perturbed Stability with X Median s 1 10-014.76)x| 1 7 (8:24)<) 11 (12.94) | 8(9.41)
eyes closed, n (%) Right
< Median | 9(10.59) | 14 (16.47) | 16 (18.82) | 10 (11.76)
SMedidnd || Fi0e4)) 90118.62)) 25 (7.81) | 9 (14.06)
Left
< Median | 14 (21.88) 5(7.81) | 8(12.50) 6 (9.38)
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APPENDIX C

Test-retest reliability method

The test-retest reliability of proprioceptive measurement was established by
determining an instrument’s capability of measuring a variable with consistency. The present
study assessed JPS by using the LabView 8.0 system and passive to passive JPS paradigm.
Prior to test session, test administrator. brief clearly experimental protocol and instruct the
participant to remove the shoes before testing.~lasinitial of experimental setting, 1) The
subjects kept their eyes closed-and-wore headphones-with-music playing to eliminate visual
feedback and auditory stimuli from™ the testing apparatus, 2) a foot strap was not used
because subjects could use additiopal.cutaneous input from the strap and 3) a surface EMG
biofeedback unit was used tofdetermine ‘muscle activity. Surface EMG electrodes were

applied on the skin parallelo the direction of mIJ‘SQIG fibers (on'the test leg).
\ N

For the inversion (IV) test ‘the participant' began in a starting position (0°), and

maintains symmetrical weight bearing while stari‘d“r?’rg with one foot on a footstool and the test
et ol
foot on a hinged platform, hip and Khee joints were fully extended and trunk was upright.

o

Then, passively moved the ankle :fh’fbugh the t.é-s'-.t:fo_dsition (artarget position, 15°) by an

apparatus at a constant épé@, 0.25%/s. After reaching the targ'et:bosition, the participant was
instructed to concentrate on $ensation of joint angle while the limb is sustained in the specific
position for 15 seconds and then the test foot returned to thé start position. After that, the
examiner moved the'test footback towards the test position, and the subjects pressed a stop
switch once they perceived that the test pesition had been attained (passively reproduce the
target positien). The diffefence;in the tést angle and reproduced. angle was calculated as the
absolute errof. Mean values of two trials in each direction were used for analysis. For other
JPS tests (10° eversion; EV, 12° plantarflexion; PF, 15° dorsiflexion; DF) used a similar
technique to those used in inversion position. Specially, for performing of 10° EV and 15° DF
movement of ankle, by adjustment of the foot position, the device can also equipped with a

metal frame (See figure 3.10-3.11 in chapter 3).
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The intratester reliability study was performed on 2 separate occasions,
approximately 24 hours apart. All testing conditions were kept as consistent as possible,
including the same tester, procedures (i.e., consistent instruction, calibration, foot position,
testing sequence, the same established joint angular positions), time of day and interval, and
testing environment (lighting, temperature) were consistent as possible (You, 2005). The
same established joint position angles (15°; IV, 10°; EV, 12°; PF, 15° DF) that were

determined by the subjects at the first test sed at the second test as target positions.

¢ (mean age, 40.60+£12.98 years). The

reliability data for the second test'sessio: ] réi used for further analysis.

.

9
U
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APPENDIX D

Compendium of Physical activity

CODE METS SPECFIC ACTIVITY EXAMPLES

01010 4.0 Bicycling Bicycling, =10 mph, leisure, to work or for
pleasure

01020 | 6.0 Bicycling BiCyeling, 10-11.9 mph, leisure, slow,
light-effort

01030 | 8.0 Bicycling | | Bicyeling,12-132.9 mph, leisure, moderate

: |«efiort
01040 10.0 Bicycling - Sicyeling, 14-15.8 mph, racing or leisure,
j’fﬁst_-, vigorous effort

02030 |35 Conditionifig gxetcice Ca]éi_%ihenics, home exercise, light or
m-—_qr;l';—:gra:e effort, general (example: back
exercises), going up & down from floor

02070 | 7.0 Conditioning exercise | ROWIRg, statiohary ergometer, general

02100 2.5 Gonrdilipningexercisg atretiching, hatha yaga

02130 | 3.0 Conditioning exercise | Weight lifting {free, nautilus or universal-
rypel, light'or moderate effart, light
workout, general

03020 5.0 Dancing Aerobic, low impact

03031 |45 Dancing Ballroom, fast (disco, folk, square), line

dancing, Irish step dancing, polka,

contra, country
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03040 | 3.0 Dancing Ballroom, slow (e.g. waliz, foxtrot, slow
dancing), samba, tango, 19" C, mambo,
chacha

05020 3.0 Home activity Cleaning, heavy or major (e.0. wash car,
wash windows, clean garage), vigorous
gitprt

05025 |25 Home activity MuiElehousehold tasks all at once, light
effart

05030 | 3.0 Home agiiVity || €leaning heuse or cabin, general

08050 5.0 Lawn and garden WDigging, spading, filling garden,

}cémpc-sting
08095 |55 Lawn andl g@rdens Mowingilawn, general
_ ety

08180 |45 Lawn and gardsg Blanting trees

08230 1.5 | s anciaardean Watarmertamwnaigarden, standing or
walking

08246 | 3.0 Lawn afidegarden Bigking fruit off trees, picking
fruits/vegetahlas, maderate effart

12010 B0 Reoning Jogdiwalk combinatenAogging
component of 1gss than 10 minute)

12020 7.0 Running Jogging, general

12180 10.0 Running Running, on a track, team practice

15030 4.5 Sporis Badminton, social singles and doubles,

general
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15100 | 12.0 Sports Boxing, in ring, general

15255 4.5 Sporis Golf, general

15660 | 4.0 Sparis Table tennis, ping pong

15670 | 4.0 Sports Tai chi

166875 7.0 Sporis TEans aeneral

17182 2.5 Walking Walking2«{8umph, level, slow pace, firm
surface

17190 | 3.3 Walking ‘i‘w‘x-"alkir“g. 3.0umph, Level, moderate pace,

) Firmsurface

17200 3.8 Walking _‘-)j»"aiking, 3.5 mph, Level, brisk, Firm
Surface, walking for exercise

18240 | 7.0 W ater activities Swiﬁwming lapd freestyle, slow, moderate
or light effort

21025 | 35 Voluntegr activities Standing — moderate (lifting 50 Ibs.,
assembling at fast rate)

Source: Ainsworth/'BE,
Bassett DR, Schmitz
physical activities: an

2000: s498 - s516.

HaskellaW LssWhitt IMC 1 InwineM L sSwartzzAM StrathaSU, O’Brien WL,

KH, Emplaincourt PO, Jacobs DR and Leon AS. Compendium of

update of activity codes and MET intensities. Med Sci Sports Exerc
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