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CHAPTER |

INTRODUCTION

Background and Rationales

Osteoporosis

Postmenopausal wo

de&mgen hormone due to

deterioration of ovarian f creasedwbonemineral density (BMD),

especially in the first gnopRauSE .{«\ﬁ?ﬁ dpausal osteoporosis was
developed. Osteoporotic e j2ie jwas i \.'-u n important cause of
.,;\ .

disability and handicap scens theit family (Rose &\RoS€, 1994), increased

overall public healthg \ \

, _ Bilezikian, 1998;
Christiansen, 1991), and [a€rease rtality : cloca .. 1995). Patients may

loss their height, have'a ation problems (ues UnAnad,
2541; Galindo-ciocan et 15, H 1958 et 1994). Psychological
aspects were also affected &@. loss of-se -co 3 (Rose & Rose, 1994; g7 g
WeA, 2541; Holmes, 1998), poor~family relaliohships (Ax11t (Besnud, 2544)

Postmenopausal ostgoporos couptries and affected

- o et e e e T e e

qua“ty of ]|fe Ag"‘] g’--,‘ir_(--lt.i‘_‘l.-ll-lii.’.‘ﬁ".li--|.I.II-.f:iﬂlii:ﬂiilﬁ.lil--hﬂ-!;n.‘ﬂi-_.'-‘ : h and |mpa|red

. i o %
neural control. Posimenop “group for fracture
II |I

. [
(Figure. 1). (3% wmyN&e, 2541).Prevention of osteoporosis cal feduce fracture and
disability.

¢ a LY
Accorging t suis f ) tic fracture
was more tﬁrﬁil ::J:Iﬂ;gm ﬁtﬁﬂﬂﬁﬁlﬁeopomsis
was incidentally found in 50% at the spife, 25% at the higtand 25% at the foredmh. The
A VA o 4 ke b
year! (Consensus Development Conference, 1993). The prevalence of osteoporosis of
women aged more than 40 years in Thailand was 19-21% at the lumbar spine and 11-

13% at the femoral neck (Taechakraichana et al., 1998) Incidence of osteoporosis in

both genders aged more than 50 years old in Thailand was 162 per 100,000 per year.



Incidence was increased to 851 per 100,000 per year in aged more than 75 years old
(Limpaphayom et al., 2001). Analysis in female gender only showed an incidence was
increased to 289 per 100,000 per year in women aged more than 50 years and 1,001
per 100,000 per year in aged more than 75 years. Incidence of hip fracture in Hong

Kong's women was increased from 179 per 100,000 per year in 1965 to 389 per 100,000
per year in 1985. Estimated prevalence ¢ f 9steogbrgsis in Asian countries in the next 40
Wiz

years will be 3 million per year (L ‘, ’-/,
J

Wy
oy
e

fractures

o

ostmenopausal

I

Fall

v
_. r

F

Fig. 1.1 Pathogenesis of fracture in postmenopausal women and elderly (83®

WU ININTNYINT

One r%'!nson of increased prevalince of osteoporosis and fracture may IE:e,ciue to

MO NARIV R RPN LN T

increased from 45.1 to 65.1 years in male and from 47.8 to 69.3 years in female (Lau et

al., 1997). An average life expectancy of Thai male population was 62 years in year

1980-1985 and increased to 68 years in year 2000-2005. Life expectancy of Thai female



was increased from 68 to 72 years (United Nations Development, 1995). Peak bone
mass was reached at aged 30-34 years old (Taechakraichana, 1998). Postmenopausal
women and elderly were affected by rapid bone deterioration. They should receive
treatment to delay bone loss and to reduce fracture risk in the future.

Aims of treatment are to retard bone resorption, improve bone quality and

quantity and reduce osteoporotic s consist of calcium and vitamin D
supplement, exercise and ise and strengthening are
important for prevention ani ht-bearing and muscular
contraction produce strain toihe"b6fie and éncouragessbeng formation (a1u Tsauans,

2533; Marcus et al., 199848 At & Marcus, 1991)E ise can increase bone
mass nearly 1% per year (d8cobgonfat al., 1984). Modes of weight-bearing exercise are
varied e.g. running, et al., 1999; Layne

& Nelson, 1999; \&n @ANHS ancy of exercise is

Balance

Balance is an ability o mathtain-the ¢ E 1er of gravity within base of

o o
Static balance is a cor ﬁl-‘ idrak sWi ase of support.

support either static or dynamic.

Dynamic balance is a mc body on the outside of theseenter of gravity or
when the body u?f”'_ 7 o it "i ; Judge, 2003;
Harry et al., 2003). ﬁ

Balance is asso léated with complex motor skill controlling posture. Postural
control is defiffegha 6). Balance
problem Wﬂuﬁg m Eymrﬁw ﬂmn ﬁ eases. Poor
balance co- e%tmg with osteoporosis isghajor risk factor ﬁracture from fal[s

ARLANNTEM UR1INYIA Y

Walking or running on treadmill (TM) is popular in Thai people. This exercise has

some advantage e.g. convenience to do at home, needed small space, adjustable



exercise intensity, and needed no training because walking or running is an existing skill
of everyone.

Whole body vibration (WBV) exercise is a new form of exercise. Vibration
exercise can increase bone mass in postmenopausal women (Bonaiuti et al., 2004; Gusi

et al., 2006). Recent study showed safety limitation of the whole body vibration in some

months of TM and after 6-8 months & 1Y ‘ tion of TM with WBV may
enhance positive effects of Bxereise. Or Gule éalame, and shorten total
: | —

exercise duration in postmeaepali€ai women. There"may, be a new form of effective

Research Questions

Primary researc whole body vibration

stmenopausal women

regarding biochemicaldone .”i:;,- .;%_ ation 1 ' 1d remodeling)?

|

vibration exercise has more b .-I"' “trea training alone in postmenopausal

Secondary resea estion” ¢ s the tread a ining with whole body

Objectives k A
1. To compajé Mihdle body vibration

with treadmill training alone tme S¢ en rega '*I g biochemical bone

markers (bone resorptlon formation and remodeling).

mzﬁ:ﬁ ﬂwi’w B

performa es and balance.

; iméNﬂ‘iflJ UAIINYIAY

Postmenopausal women who participated in treadmill training with whole body

vibration exercise have more bone formation, less bone resorption and turnover, and



more improvement of physical performances and balance when compare with whom

participated in treadmill training alone.

Conceptual Framework

iaat”
._‘.-.- g, . '._-. ll
. _-_.__‘_'_':. . Postmenopausal women

Estrogen deficiency

Treadmi ng ‘ .
7%
Z/\ 1

- y
Whole ba8y vibtio e Y .
j [ Bone Mineral

y \ME
f uwnwwmm

Scope of research
o Pt ﬂn‘ﬁﬂiﬂ%ﬁ%ﬂﬂ AR
ran!)tmzed controlled trial. This study was approved by the Institutional Review Board
of Faculty of Medicine, Chulalongkorn University. Written informed consent was obtained

from each subject before participation. On attendance, subjects were given the details



of the research procedure and involving risk, and reminded of their right to withdraw at
any stage of the study.

Participants were randomized into 2 groups. TM group participate 30-minute
walking on treadmill. WBV participate 30-minute treadmill training plus 20-minute whole
body vibration on vertically oscillation vibration machine. Both groups exercise 1 session

per day, 3 days per week for 12 weeks.

Assumption
1. All subjects are volugiasily“participating ‘ine “*’-‘l’mm All of them understand
study methods. Informed cgj articipated in this study.

2. Participants m than exercise in study's

/f‘ .-
0
protocol during 12-we \
3. Bone resorptigh andfogmna mea d Using biechemical bone markers

i.e. B-CrossLaps, PINP a

Limitations
1. Researchers can fo! ..';L""* e P ictivities of subjects such as diet,
physical activities etc.

o

. T < 0 ;
2. The results of this study cahfier gener postmenopausal women in all

age group and in wha has less than 5 \ r

W

Key Words B }|
)

Postmenopausal women Osteoporosis, Biochemical bone marker, Treadmill

mmﬁmﬂﬁvywﬁwaﬂni

Operational wﬁnitlons

AR AT I

Osteoporosis caused by a low bone mass with the degenerative changes and

patterns of molecular profiling of tissue inside bones that makes the bones fragile and



decreased bone strength. There is resulted in high risk of fracture. Osteoporosis have
BMD lower than -2.5 standard deviation (<-2.5 SD) of the average of the young adult.

Treadmill training is exercise by walking or running on the treadmill. Speed and
intensity can be set.

Whole body vibration exercise is an exercise that participant stand on vibrated

machine. The vibrator generated 2a ing vibration with specific frequency

and amplitude setting. 0 /

Biochemical bone MNNAMEST bo oéheasure the biochemical
substances represented bong.esorp Is nationmB-Cross aps determines bone
resorption (normal range G#293-0i828 ) (P and NMID-osteocalcin determine

bone formation (normal rag 3.02 ng/mL, respectively)

/5

(g9A youtizinian, 2650).

Expected benefits and ap,

1. Effects of o y Vibration exercise and
treadmill training alone ) \ ical performances and
balance in postmenopausal ! --‘. ,-. o blic

2. Results of this study "--:LL - and basic knowledge for further
Ll Iy
study. LTI

ﬂ‘lJEl'IIVIEWI‘ﬁWEI']ﬂ‘i
Qﬁﬂﬁﬁﬂ‘imﬂﬁﬂﬂmﬁﬂ



CHAPTER I

LITERATURE REVIEW

Physiological menopause in women led to rapidly increased bone loss.

Postmenopausal women tend to develop @st@opbrgsis with high risk of fracture from

falling (Cardinale & Wakeling, 2003) onal @epidtement therapy, high calcium diet

and weight bearing exe 73-’:4-..;:0 as-provention and treatment methods

(Bemben & Langdon, 2002). Mee ent O bio markers were used to
.10,

determine bone resorpticpe@ndfoimat| !‘. ;_for monitoring therapy
(Yamazaki et al., 2004). ' \

Postmenopausal wome
PostmenopauSal wdme' afe-wo e at least 1 year completely

eproductive function

menopause due to physi®logicall varial ol
was ceased (qﬂm BURTLR, 2544 2 Stroger jone was rapidly decreased. Women
usually have menopausal symiptoms fter old (8901 Lsquana, 2533; Smith,
1997; Whitehead, 1999). There are ervous system, musculoskeletal
system, urinary and reproduc ular system. It also caused
osteoporosis (neLAAs Ly, &

\ 7 Y |

1. Conditions .-.,_ LA ;J NN 2541)

4

e e

- Pen nopause: Menstruation ? irregular with no Ionger than 3-11 r&}ths of

RN UBIANLIAY

In addition to physiologically menopause, results of the treatment such as
ovarian surgery and radiation also cause an artificial menopause (Me¥iel INWARE LAY

271 e, 2541).



2. Characteristics of menopause (813391 §325298Wu", 2540)

Lack or reduction of estrogen hormone significantly causes the following
symptoms, i.e. vasomotor symptom, nervous and mental symptoms (e.g. lack of

confidence, nervousness, and depression), urogenital symptoms, musculoskeletal

Y

3. Limitation of exercise in postme &i’m&f narhlsvln, 2543)
=

- Exercise with jumpin@" ¢ slifigl may causesitacture easier than during
\""-..
premenopausal period. ""*--.‘
- Because of @€Creagfd strength and AN _"‘\i__. muscle soreness

easily occurred during ex@rcisg'when€ompare younger.

w\\. e Injuries were easily

\

- May feel more tiggd tl \ 2 ng: eX e because deterioration of the

(AT

- Decreased balance causés more

4. Principles of e iahlarln, 2543)

\"Z

- Avoid vigorous exercise |'J'j
4

- Avoid running or‘lumping sports with suddenly twist motion.

RTINS NI AT e

exercise andﬂo not exceed 75 perceat of maximum Ert rate in who dwgular

WAL AT AV RLL

syncope.
- Consult doctors before exercise if you have a certain diseases such as

diabetes mellitus, hypertension, heart disease etc.
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Biology of bone

1. Bone cell and function (¥ nsaWmuAatl, 2550)

Human bone contains calcium approximately 1,000 g. It is categorized into 2

the matrix. Bone responds {9, the environment, wr igh chemical or mechanical
stimuli.

Bone cells were c: c and osteoclastic cell
linage. Osteoblast, a enchymal stem cell.
After that, it different steoblast produces
collagen and non-colla ink After mineralizatio they v  ehange into osteocyte.
Other cell line produCes It adts-ad 3 résorption Cell. Osteoclast and

A

=2

'
osteoblast play an imp ' homeostas| \
2. Bone remodeling ( WaUAAA1T 2 An 'qnmxﬁwﬁ. 2550)

ical-prorert _ i
1. To control a 57"';#1 Porty old bone with new bone that

created a mechanicalis

2. To contrelm .f s, magnesium,
vitamin D, vitamin C, \Emin K et helarge mineral storage.
Bone remodeli starts with Osteoclast resorpted the bone, then osteoblast filled

in the bone create the
bone. The groce ﬂ—S onth rEj QET ﬁ and elderly
has faster boﬂ formation than adult. Piak bone mass |s around 30-35 years w After

SR THS SOIRLI e

year. Aﬂer that, the rate is reduced to 1% per year (F1Rz FIAZUNY, 2538; &N ﬂntmq.
\ATIEH, 2539).



1

3. Factors influencing bone remodeling

- Parathyroid hormone: Parathyroid hormone is released if blood calcium level is
low. It causes increasing of calcium absorption via renal. It also stimulates calcitriol and

vitamin D production helping calcium absorption in small intestine. Osteoclast function is

be stimulated to increase bone resoiptio lood calcium level will increase (\Tes
WWIMATTYANLTR, 2538). SO\ /
] e
- Thyroid hormone:=iayicid ho e is rel i d calcium level is low. It

increases blood calcium level but de necalcium (Ades e maseyanta,
2538).
| gland produces calcitonin

to activate osteoclasiRenaldn I fintestine reduced calcium absorption (3des lanu

- Vitamin D, (Calgitri D, ‘(@rg0caleiferel) and cholecalciferol is be
min D, (calcitriol). It
enhances calcium absorpfion in estings (Dow avalieri, 1999; Erickson &
Jones, 1992; ATes LAMATEYEANITH ‘r 8, 1 2 224, 2542).

- Estrogen: Ovary prod _H,M A= _ gulated osteoclast function. If
estrogen decrease, bone activity of osteoclast (Aides

Y

TN YR U BN T e

density (BMﬂlis reduced, bone microgrchitecture is disrupted, and the amount and

O MK T B U M 1AM PN

W@MATEYaNTR, 258

9%

as a bone mineral density 2.5 standard deviations below peak bone mass (20-year-old
healthy female average) as measured by DXA (WHO, 1996)
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2. Types of osteoporosis

Osteoporosis is classified by:
- Rate of bone resorption and formation i.e. high bone turnover and low bone

turnover (URA e lnsauy, 2543).

- Rigs and Melton classification (ki 813y 9§19, 2539)

They classified osteopc ‘:‘ 2 ’j 35 st nopausal osteoporosis (type 1)
and senile osleoporosis (& ‘hu,,_‘;: er found beteca.aged 51-65 years old that
caused from lack of estrogen hosmone. M: yiesorption of bone, especially in

um absorption. Later is

.\H

trabecular bone, is not ca

age-related osteoporosis that'ocelied in bath gende aged more than 75 years
old. There is becausgf poof otion of Calcium in the lowerintestine. Cause lower
blood calcium levels. gParaifiyrdic fglarid Secretas ‘paraths 0id hormone  resulting

increased bone resorptiogt Ty POn fegts ‘co i\ riore than trabecular
bone (1an SnwsyAsEM, 2589;

- Primary and secofita

Primary or idiopathic steopbidsis-caul phy ological changes such as
postmenopausal or aging proc .'{.‘E_.{-'-m-r--“' oporosis causes by diseases,

physical inactivity or drugs :,s-‘.'.?;,t,_ﬁ_;}_-,:_: 41 e imainsauy, 2543).
3. Impact of &8 : Y
- Physical imﬂt Back pain is common conditions in wﬂn with osteoporosis

(@135 Kaagaarnun "2& Holmes, 1998):«Osteoporosis is harmful to life
(Chnstlansﬂq Er} E wgﬁ}nﬁit increased

kyphosis mtﬂllezght reduction, and mc:‘p sick leave nﬂmmﬁ Autlnzaey, 2543 fany

TRISIISIIMIIE0A Y.

osteiporosis. They have nervousness and anxiety from image changes led to lose of

confidence (Galindo-ciocan et al., 1995; Rose & Rose, 1994; Ross, 1997). They have
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family relationships problems (Speroff et al., 1994) and could not dare to meet friends
and were separated from society (Ross, 1997).

- Economy impact: Economic burden found in osteoporosis patient. In 1984, the
United States of America pay $ 6 million per year for osteoporotic fracture treatment
(Rose & Rose, 1994).

4. Risk factors of postn

- Genetic factors: WHItE and ye ial v “have more chance to develop
osteoporosis than black wo
more than 4 times ri an en (Chfistignsen, 1 1. Ros 11994).

- Hormonal fag |
women, women before agé 45'vears : varia ary (Christiansen, 1991;
Rose & Rose, 19947 Spegoff gt al. .1994) ties oid and parathyroid
hormones (Holmes, 199 _

- Dietary factorsy Pogr calcium i $ /s the leading dietary cause of
osteoporosis (Christiansen, /fitamin D insufficient causes
reduction of calcium absorption # sen, 1991; Finn, 1997; Rose &
Rose, 1994). Too much protei __ ex hosphorus absorption followed
by calcium deficie _!_.:- (8

- Behavioral

(Christiansen, 1991 ).

‘and heroin addiction

avy ca , 991@!0% & Rose, 1994;
Barrett-Connor, Channg. & Edelsteln. 1994), Iack of exercise (813301 R42599¥NUN,

* AULINUNINYINS

N, 2541), g”ugs (such as antacid, d*retlcs antlconvutsant drug treatmenhgr heart

TRTAIIUAA TN T

- Body mass index factors: Women who has low body mass index increase risk

of osteoporosis (Speroff et al., 1994). Because fat is an important part in estrogen
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production (Rose & Rose, 1994) and women who have smaller skeletal muscle also

have less bone volume (Lappe, 1993).

Diagnosis of osteoporosis

- History taking: Clinical finding family history, menstruation history

and underlying diseases are essenti Ol patients with osteoporosis.

- Physical examination: General ranCes@6formity, provocative pain area

and some clue of underl patient with osteoporosis.

- Dual Energy a gold standard for

‘:

es Bone mineral density,

osteoporosis diagnosis \
between -1 SD and

usually at lumbar sping
-2.5 SD below normal, J less than -2.5 SD, it
means osteoporosis:

- Laboratory tes calcium, phosphate,
alkaline phosphatase, a used for screening the

associated or underlying dis@ases #asiting 'ir 2oporosis (De et al., 2000; Watts,

o

T e
1999). Urine testing of bioc ‘,-If"-‘-ﬁ“- rate in patients who have renal

~ i e - ! i 5
OGP0 <V biochemical markers such as

B-CrossLaps, PINE, ank_ugine biochemical

diseases (Robins et al., 1994;

J':f! soporosis (Taylor

7
T ATHAMENINYNS

re two mainstays of therapy in prevention and treatment of osteoporoms

ﬁmmﬁﬁ“m S eaa 8.

cycl g, Tai Chi, etc; high calcium diet, sunlight exposure, avoid heavy alcohol drinking

markers. There a t;i_
etal., 1994; Risteli & ﬁen.

and smoking.
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- Pharmacotherapy: Hormonal replacement therapy, Bisphosphonates, Selective
Estrogen Receptor Modulator (SERMSs), Calcitonin, Calcium and vitamin D supplement,

Vitamin K,

Biochemical bone markers (W39 Yeueisimiat, 2548; nseA Youeizimiag, 2550;18n anw

PUAINN, 2543)

nical setting include the 3

s, bor e resorption process.

2. N-termina _ : ollagen ype I nts bone formation
process. Normal value j 8- 439 ng! _ '
3. NMID-Osteoca apreSents bone fo rocess. Normal value is 14.9-

N\
18.02 ng/mL.

Biochemical bone ision and quick monitor of
patient's response to therapy one turnover rate that help
indicate high or low risk group tf "‘,_':.J.--;-cm-.-;,.

’ .M-,a-r

monitoring. ‘~._-_-..- ~dian rhwvthm variahle

) of patient's response to therapy
Treatment may be changed & one markers instead of BMD

~Shdlild/ be tested in the
A

-
L markers value.

morning during 8. i'“i'.ﬁ,. Liver and kidney

functions should oEI checked because abnormality affe

Antiresorptive drug mustfe discontinued before ﬂ’first time of bone markers measure.

- U g TTEWT? WerTrra™
@Wﬁﬁﬂﬂ‘im UAIINYIAY

Walking as a common mode of weight-bearing exercise encourages bone
formation. Several studies support the benefits of weight-bearing exercise to strengthen

bone.
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The effects of walking exercise on bone density

Borer et al. (2007) studied the effect of walking exercise in postmenopausal
women. Participants are categorized into 2 groups; group | walked at 65% -67%

VO,max (low intensity), group Il walked at 86% -88% VO,max (high intensity). Both

groups walked 4.8 km/day, 4 days \ ’ 30 weeks. Results showed significantly

increased leg muscle strength and BA yalked with high intensity when
compare with low intensity . _,_4

Yamazaki et al. (2

004) studied the effect o rcise in postmenopausal

women with osteoporosis. Fxg max, at least 1 hour/da
’ F / K\H\\\H ’

or more than 8000 steps, \ \ roup did not receive any
exercise. After 12 wgeks Au. \ iy

; _ i \ BMD of the lumbar
spine more than control gfoup \\\

Hinton et al." (2008 #fes ercise combined with food

restriction in overweight me L : ;: walked with 60% VO,max, 45
minutes/day, 5 days/weg : C "," Ove bome {twmover and can delay
osteoporosis. - \
iedani s o 2
Maimoun et al. (2008) stitiad the effect . walking exercise in middle age
and elderly women and mer M;Efr’:t s rized into 3 groups; a highly
active elderly, a moa "_______________'_________d____m_' @ group. Elderly with

moderately active ’;‘p"’_ ) AY' )
Gunendi et al 08) studie of 4-week ubmaﬁwal aerobic treadmill

training at 60%-85% of maximum heart rate in postmenopausal women with

Zf:Z‘lZZI‘ZiEm g3vmv iy

Shlma a H et al. (2004) stud|ed‘he effect of 6-mﬂ15—treadmull trammw over

WA ST TN IR Y-
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Whole body vibration exercise (WBV)

A new form of exercise called “vibration exercise” is recently introduced. As a
therapy, whole body vibration (sometimes abbreviated as WBV) was explored by

Russian scientist Vladimir Nazarov who tested vibration on astronauts in an effort to

decrease the loss of muscle and bong sffopauts lost their muscle strength very

S\ 1/

VIl
-5 .,‘ "\r

quickly, which is why they are net ) they come back to earth. The
decreased bone density cag u:u_q acture ris 2eospace industry in the former
Soviet Union worked with vibration.&@ining. 8 edeparture 10 space, astronauts were
attended a special training sgssionso thatthe de .,t.. ‘-u would increase and
their muscular strength ' wo S senberg, 2004; Bleckeret al., 2005).

The vibration.ig*a mgehapical gtim L _~ -harac illatory motion. The
vibration generated by | \ an mitted to the person
2 hanical variables that

| \ The exercise devices

pody by mean of oscillating

standing on the machi
determine its intensity afé thaffre
currently available on the
plates using 2 different systegis i.e. feciorocating Veitical displacements on the left and
right side and the uniformly oscilfafi ate”in-t 3 down directions (Cardinale and
Wakeling, 2005).

There are 2. fie g vibr. Bay-during exercise.

1) Direct ‘3":

trained, by vibration Et tha

iy ‘-_’ e muscle being
and or tﬂfixed to an external
support.

transfmﬂﬂﬂ“msﬂﬂl‘ﬁ JNELLE o

during traanm of the quadriceps, the gubject may staaﬂon a vibrating plaUn that

ARTRIIB AN

the quadriceps. This method has been termed whole body vibration training (Luo et al.,

2005).
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Rittweger et al. (2003) suggest that the oscillation frequency is lower than 20 Hz.
will help relax muscles, while high frequency vibration by 50 Hz. will result in muscle
pain (muscle soreness) and may have blood congestion (hematoma) in muscle,
especially in people who do not regularly exercise. However, research has not specified

any values of wave frequency and amplitude in a specific exercise vibration. Vibrating

exercise has a wide range of frequengcie ’ plitude. Safety of this exercise is
confirmed (Brown & Holloszy, 1986). in add y eview of Madou and Cronin
(2008) suggested that 60-seeend.intervention wi 1 rest period of WBV with
30 Hz frequency and 3 is lerosis and Parkinson

disease. Physical and fun performances _ improved in an elderly,

005K regeom ibration frequency range

imended

from 30-50 Hz. can mogt'ef aly '. 3\:\‘\\\‘\* equency lower than

20 Hz. should be avoideddd i ;‘hs iun }\\\‘ al,, 2002). Reln et al. (2007)
oy ANl Q\ \"
ﬁg_ 1d-the "1\

suggests that the 12-4 litude are proper for long

term exercise. Furthermor per week seems to be

good exercise for older ang _ -nﬁ;,-—«:re-e-‘r.- gh o8cillating vibration exercise
has many benefits to many d"e-';":}-.-.;i; ....... ‘wrong combination of vibration

AT
parameters cause adverse to.caraovaseul system. There are quite a few
side effects; howeyetzonlyenthematic, it hing of the legs and ede e are reported.

However, '- 5 exact suitable

frequency and amplitude of vibration exercise. Yet, most studiesisuggest that vibration

exercise with low frequer?y and amplitude is safe and effective.
=9 é’

LUEANUNINENT
ARSI S B IALY:

months. Muscle power measured by force plate was significantly increased after
training. Biochemical bone markers and BMD were not significant changes. Vibration

exercise affects bone mass as stated in Gusi et al. (2006). Postmenopause women was
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participated in WBV exercise with frequency 12.6 Hz and amplitude 3 mm for 30
minutes (total WBV time 10 min, 10 min warm up and 10 min cool down) compared to 1-
hour walking exercise. Each exercise was done 2-3 times a week for 8 months. BMD of
hip and lumbar spine were not significantly increased.

Xiang-yan et al. (2008) studied the effect of exercise on bone density in

postmenopause women with osteoperosis. F i roup was performed WBV with
frequency 30 Hz., amplitude 5 mm, lin/e / eek for 6 months. Control
/B Up was signf reased BMD of hip and

S

The effects _ ercise on muscular system

iprove muscle strength.

Delecluse et al. (2 eps muscle strength in 74
untrained female volu di d into 4 groups: the
first group was 20 female ' 3 "': ed v \-\ ercise at frequency 35-

g. The second group (placebo

vibration group) was 21 female Velunteer ned vibration exercise with low

o

acceleration 0.4 g. that did not-affected muscle: 30th groups stand on vibration

board with various.pés Jeep squat. Thefthird group was 20

_i" J d leg extension

female volunteers tl"'z
at moderate intensi e fou group W - grourﬁwcluded 13 female

volunteers. According to ‘the assessment of quadriceps muscle strength before and
=

after the eﬂi ‘ :bﬂ rﬂzf ise=gr ? significant
improved qua Mﬂmst :Elh h :ﬂﬂ:ln:u and control

group did not Significantly improve their guadriceps muscﬁtrength.

RTAIOIN SRR

3 groups: the first group was 30 women who performed vibration exercise at frequency
35-40 Hz. and amplitude 2.5-5 mm. The second group was 30 women who performed

resistance exercise with leg press and leg extension. The third group was 29 women as
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a control group. All participated 3 days a week for 24 weeks. Muscle strength and
speed of movement with resistance at 1%, 20%, 40%, and 60% of isometric maximum
were tested. Results showed isometric knee extensor strength significantly increased
after 12 weeks resistance exercise as well as vibration exercise. No significant increase

of strength was found in control group. An additional increased of strength after 24

weeks training was not significant \diffefent’ i@ both groups. Speed of movement

increased in vibration exercise and resistanc g @XgfCisé while there was no change in
control group. However, speeasei.mus Shimwitheresistance 1% and 20% of
—

in resistance exercise

isometric maximum in vi

group. \\
Torvinen et al. (2 6 healt \ 1-€ oung adults. The first
7//8 8NN

group performed vi e 2 mm, 4 min/day,

] , amp
3-5 days per week for QU ? i\}‘ as light squatting, standing
and standing on the heel S id groun.wasicc \ group. After 8 weeks, height
il s L_". 9 \)"\ \
AALACEDS AT
™

vibration exercise group. _ ok ._... ght of vertical jump increased 8.5% and

le strength improved 3.7% in

quadriceps muscle strength | S8GE2:5% IV ) exeftise group.

Mahieu et al. (2006) cona loted2 re z n 33 skiers aged 9-15 years. The
first group was 17 skiers ing_at frequency 24-28 Hz,
amplitude 2_4 ’._,' BYerci se-on-vibratic soard in _differantpos Tah" Such as Squat'

w—' ]
deep squat and widessqu whe'performed a land
exercise which was Iivalent resistance training wWith the abo ositions in vibration

exercise group. Both groip‘sggtlerformed exercise itli’mes a day for 6 weeks. Both groups

b 0 brawle 3k (e v

Bogaerts et al. (2007) studied miliscle strength angsmuscle mass in eldgrly men.
o RO AR R s BN
witl‘qstanding in different positions such as squat and deep squat. The second group
performed fitness training program: cardiovascular training consisted of walking,
running, and cycling, resistance exercise consisted of exercise for whole body and

balance training. The third group did daily life activities. The assessment of isometric
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muscle strength and the measurement of muscle mass with CT showed that the first and
second groups increased quadriceps muscle strength and muscle mass in comparison
to the third group. There was no significant difference between the first and second
group.

Trans et al. (2009) investigated the effect of WBV in 52 female patients with OA

3V exercise on stable platform, WBV

exercise on a balance board and control gr _parameters were frequency
24-30 Hz, 10.5 min/day for8sweeks. Muscle trdcantly increased in WBV
o —

exercise on stable platform w ared {0 conlro Oup.

Raimundo et al. ( : gcts of low freguengy WBV (frequency 12.6 Hz

and amplitude 3 mm.) an gfe ', | oost ausal women, After 8

months, both group £ es on’isc _- : ent of knee extensors.

The effects ué perfusion and the
peripheral vasculature

Vibrating exercise an-Schindl et al., 2001).

Twenty healthy volunteers ned WBV With >y 26 Hz, amplitude 3 mm for 9
minutes without rest period. BIo eps and gastrocnemius muscle
was increased. Mear istance to blood flow

fﬁ a low frequency

(resistance index)\d *

a2

vibration is effective. m ﬂ
Lohman et al. (2007) studied in 45 healthy people. Group 1 exercised in squat

e e TR RUITY PR gpsetian oo

board to mas‘uge calves. Leg was pla%ed on the wbratnon board with frequency 30 Hz

mﬁﬁ.&mmmmﬂm L

skrn lood flow up to 2 times immediately after exercise when compared with group 1

and 2. Ten minutes after exercise showed that group 3 reduced skin blood flows rapidly,
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but the values remained higher than groups 1 and 2. WBV affects on blood flow in the

short term only.

AULINENTNEINS
RN TUAMINYAE



CHAPTER Il

RESEARCH METHODOLOGY

Research design

This study is a randemii: iGned to examine effects of

treadmill training with whelebody.vibiation eXercise.ii n with treadmill training
alone on biochemica e markEs, ba an \ ‘-'-';“w performance in Thai
postmenopausal wome acg@dre 3 With a :-"“q‘"* n which all subjects

R

were examined twice: & after the 12 weeks of

the study.

Population o
p B

In this study, the f@rge o;ﬁ nas

aged between 50-65 years. They ypreseciuiteg

e

hal postmenopausal women

he following criteria.

Screening visit
LY P
Subjects v o lig ‘ 50-65 years and
b | r|l
had no documented ¢ ‘! sases or conditions listed in the exclusign criteria. All subjects

were initially contacted br telephone to determinweir eligibility before being included

RN T
Qﬁ?ﬁﬁﬂ‘ﬁﬂf%ﬂﬁﬁ’mmﬁ d

) Postmenopausal period at least 5 years
3) Do not perform any regular exercise (exercise < 3 days/week)
4) Body mass index (BMI) in the range of 20-25 kg / m’

5) Signed inform consent before entering the study.
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Excliision Ciifen

1) Who have medical conditions or injuries those prohibit them from training
participation such as diabetes with symptoms of peripheral neuropathy, arthritis with
moderate to severe pain, heart disease, poor controlled hypertension, lumbar

spondylosis/listhesis etc.

2) Who have diseases that affec @ne metabolism and bone markers

problems
4) Poor balange®@eiefmined /by single leg ¢ with eye open < 10
seconds \ \
5) Who 88" angfmgficaniHeart Association, (AHA ss C and D (from
history taking and obseg@tionfof ¢ s

6) Smoking g ohglic drin ‘ 1INy, € hs before the time of
screening

7) Use of agefits t 'as antiresorptive drug,
hormonal replacement therag r ofzl 2 lic steroid and do not cease

using at least 6 months before pa

Sampling technique -
_ X
This study USE compute e d randomizatio !": rogram for random

subject into 2 groups: tr%admtll with whole body v:bratlon exercise group and treadmill

“’"’"”"“FI‘IJEI’WIEWI‘?WEﬂﬂ‘i

Sample size errninatlon

postmenopausal women. Subjects are divided into 2 groups; group | (n = 18) walks at
65% -67% VO,max (low intensity).Group Il (n = 25) walks at 86%-88% VO,max (high
intensity). Both groups walk 4.8 km/day, 4 days/week for 30 weeks. High intensity group
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has osteocalcin after 30 weeks exercise equal to 9.7 + 1.9 ng/ml. Low intensity group
has osteocalcin equal to 12.2 + 2.9 ng/ml. Osteocalcin level was used to calculate

sample size (2-independent group) for this study.

Formula n/ group = 2(Zq + ZB)E o’/ (x1—x2)2
0. \ ) =1.96
' "‘{- 7= 1.28

._7':' oled YariariGe:

frst) S (n_ "W

Sample size is 18 pel was added. Total subject

is 23 per group.

Instruments y
: Il i
1. Whole bod¥\vibra USAY:

diF

2. Treadmil Nautilus T-916 sports series, USA).

Lﬁ:oratory kﬁsﬁ biochemical bonéarker measurement: 3-CrossLaps,
lopdig aVInEl Y el )

ht measuring board.

q Wmﬁﬂﬁ WUmANgIae

7. Stopwatch (JS-609, FBT®, china).
8. Epson meters.

9. An armchair (46 centimeters height).
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10. Step bench (12 inches height).
11. Sit and reach box.

12. Case record form.

Standard measurements

Measurements of height and

The following procedures v ed 2 58 sharacteristics of the subjects
were recorded. '

Standing height.

the heels together,
and then stretching

d upper back were
touching a wall. The chig'wa

ded in centimeters.

Weight: Weight wag fecarded wi

ortable clothing with
no shoes. Weight was recg

H 0

b nas
Body mass index (BMI). The BM: S weight relative to height and is
calculated by dividing bod

meters squared (kg/m°).
BMI is predicted agee

]

Fit
(IS assess
[

i¥

I NENINYINT

All suucts were asked to refrain from vigorous physrcal activity and exermse for

q TR Iy Ta 8

Biochemical bone ma
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2. Biochemical bone markers assessment procedure

Venous puncture was done by nurse. Biochemical bone markers have circadian
rhythmic variation. Blood collection of every subject for determining BCrossLaps

NMID-Osteocalcin and PINP were d € ’ , veriod during 8.00-9.00 am.
‘*~..

Fig 3.1 Venous gt _- | bone markers assessment

Balance assessment

BY. et al., 1997)

Y )

Participants sﬂd ) , elﬁﬂoulder width. Both
arms cross over the chest to touch shoulder. Time was recorded since one leg off the

floor and fI 0° u |F and off the
starting po ﬂ la eﬁ |tﬂ?:ipf1~$ erformed 3

times. The mwn time of SLS on each fog; was used for statlstlcal analysis.

ARIANNTEM UAIINYIA Y

1- Siﬂgle ;.! atg

L

a2
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eyes open test
2. Expanded tim nd o test(£ BUG) (WallIC:et al., 2000)

Participants sit @0 a4 i afmirest. They were uinstructed to walk in

a Ghair until walk back to sit

down again was recorded (se 1 6 periods.

| '\J.r-l W
ig.3MéI e
1) Standing from sittihé-position” -
2) Walk from a chair g‘." 2-mete L

3) Walk'fion

4) Tu UpT

el
L DU L B

calculate waI g speed meterirmnute)

awwmn‘im UAIINYIAY

e ¥

listance 6 meters)

N,

-mem marker (distance 6
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AU 6 LIAIUSA

Physical performance t

)reach forward along the measuring

e
line as far as possible, and then fiolt i
; 2 i o

the tip of fingers was jecorded as a score in centimet -fhent during the test

ot @ssecond. Distance from zero to

analysis. This test aﬁséés" ibility amﬂng. More distance
ty (see Fig.3.4 and 3.5).

AULINYY

determines more flexioili

Fig 3.4 Sit and Reach box Fig 3.5 Wells Sit and Reach Test
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2. Senior's chair stand test

Participants sit on the 44-centimeter chair without armrest. Their feet flat on the floor
with shoulder width apart. The arms are crossed at the wrists and held close to the

chest. They stand up without pushing off with arms and sit back down repetitively for 30

seconds (see Fig.3.6). The number o epetitions wes recorded. This test assesses lower

.

limb strength and endurance. tions'getermuae better strength of lower limb

muscles.

3. The 3-minuté Sféptest = = X'}

Participants left ﬁ»mleg onto the 12-inch box, raise body ancﬂcond leg onto box,
lower body by stepping &:ﬁo floor with first lediand return second leg down to floor.

o B b S ANV DI 1 1 e

much as the n for 3 minutes. The parumpants step was recorded and calculated by

ﬁmr'mm T3y
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E"GWFTTJEJ’WIEJWT’NEJW?

dm|II training

0 ‘ﬁ.flﬁl INIALUNIINLNSEL

heals rate was calculated using the formula 220 — age (year). The target heart rate was
set as moderate intensity from 55% to 70% of maximal heart rate. Heart rate was

measured throughout exercise using heart rate monitoring device. Blood pressure was
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measured before and after exercise. All participants were instructed to start with 5-
minute warm up, 20-minute treadmill walking and 5-minute cool down. Walking intensity
was gradually increased to 70% of maximum heart rate. All performed 3 days a week for
12 weeks. One of researcher was supervised all participants during exercise.

Participants who had trauma or flair up of diseases that prohibited exercise were being

decided to discharge from the proto%%‘r}# reatment.
WY

Whole bOdy wﬁtloﬁ PR : ﬂj

ParticiTnts erfc#nﬂ-vibration exercise&ffer treadmill walking. Vibration was

B W

International m.) (. This device was set‘;o deliver 30 Hz frequency of vibration through

AR PN TIN N WA | b IPhIR

ﬂexe%. and hold the handrails with both hands. WBV exercise comprised of 1-minute

provided

bouts of vibration separated by 1-minute resting period. Total time was 20 minutes per
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session (10 minutes of vibration). All participants performed 3 days a week for 12 weeks,

corresponding to about 360 minutes of exercise.

Statistical analysis

- Numbefs and percentages were used for qualitatiw

3. Paired t-test wés used to compare effedl gf exercise on -Cross Laps, NMID-

LI TR S TE T

group.

m’m SNabrabIbLaGviiTie m;r

bod vibration group and treadmill group.
5. Level of statistical significance was accepted at < 0.05
All statistical analysis was performed by using SPSS for Window version 11.5

(Chicago, IL, USA).



CHAPTER IV

RESULTS

Characteristics of subjects

Forty six eligible female Voluni ers ¢ according to the inclusion and
: SR = 23 per group; treadmill

wexercise group (TM + WBV).

exclusion criteria. They wéfé cate
exercise group (TM), treadmi
Three women were dropped™® 0.2 (1 was. _- M andl was TM + WBV group)
participated less than 80%#of H"a__ﬁ: lost of follow up.
Results were analyzedfro

Baseline charagferistiés of tie sul erg st '*& “ ole 4.1. Subject age

3\ k"x: were 59.10 + 4.93
f TM and TM + WBV

ranged from 55 to 65 yea®
years and 56.59 + 4.7 .
groups were 52.45 + 6.531Kg afic ) g+ 8 " ' ety elys Mean height of TM and
' 2 £ 5.21 cm. Mean BMI of
ind 22.21 + 3.16 kg/m”. Mean time
5,41 years and 6.64 + 3.51

TM + WBYV exercise groups g 158
™™ and TM + WBV groups were

after menopause of TM ang

years (see Table 4, -

\7Z Y )

I
i ¥

AULINENTNEINS
AR TUNNINGAY



Eligible participants
N =46

35

Pre-Intervention Assessment

4

Treadmill gre

Loss to follow up (n =2

l

Treadmill + WBV group

Loss to followup (n = 1)

d 111".

\ nalysis (n = 22)

nill + WBV exercise groups

I;:i

ﬂ‘lJEl’JVIEWI‘iWEI’]ﬂ’i
’Qﬁ'lﬁﬁﬂ‘iﬁuﬂﬁ'l?ﬂﬁl'lﬁﬂ
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Table 4.1 Baseline characteristics of subjects (n = 43)

Treadmill group Treadmill + WBV  P- value
Characteristics (n=21) group (n =22)

Mean SD

Age (yr) 56.59 4.78 0.09
Weight (kg) 2.39 8.82 0.98
Height (cm) 32 5.21 0.67
BMI (kg/m’) 3.16 0.83
Postmenopausal duration 3.51 0.21
Between-group difference beg oup, ANCOVA

Biochemical bone mar

After 12 week 6 7 + 30.20 to 76.66 +
32.55 ng/ml (21.75%) in 0 80.80 + 25.64 ng/ml
(23.80%) in TM + WBV groupso - osstan igantlylincreased from 0.49 + 0.21
t0 0.89 + 0.32 ng/ml (80.95%) in Thi ftom 0.51 + 0.16 to 0.97 + 0.37 ng/ml
(89.35%) in TM + WBV group: NNHD Ostec significantly decreased from

\

¢

29.22 + 11.94 to 24:99° 10.19 ng/ml (14.76%) in TM Group-ar @ __0.81 £12.15 to

26.11 + 10.22 ng/ . y -

b | Pt
Bone formatio -! nd bone resorption of the TM and TM -4WBV groups was not

significant difference (Forimore details see Appendix B).

ﬂ‘lJEl'IIVIEWI‘ﬁWEI']ﬂ‘i
Qﬁﬂﬁﬁﬂ‘iﬂlﬂﬁﬂﬂ&ﬂﬁ&l
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Table 4.2 Comparison of biochemical bone markers between treadmill exercise group

and treadmill with whole body vibration group.

Biochemical bone Normal Group Pre-test Post-test P-value

markers (ng/mL) range Mean + SD Mean + SD

PINP 40.78-48.35 76.66 + 32.55* 0.670
(bone formation) ' < 80.80 + 25.64*
B-Crosslap  0.293-0.328 4 *  089+032* 0752
o —

0.97 £ 0.37*
4.91+ 0.19* 0.849

(bone resorption)
NMID-osteocalcin  14.9-18.02

(bone formation) 6.11 + 0.22*

TM: Treadmill group, TM+WBY / _
* Within-group difference belWeenibredestand post-test, paire gnificant with p < 0.05
Between-group difference between ffeadmilf group ang tréadmill yroup, ANCOVA

il

After 12 weeks, w. cased from 0.68 + 0.13

m/s to 0.73 £ 0.11 m/s in TM b Bhtwalking: } was Significantly decreased from
0.73 +0.13t0 0.70 + 0.10 m/s in Th . Table 4.3). However, significant
differences of walking speed. "EHL groups in pre-test (For more
details see AppengixC)

— 4

Table 4.3 Compan‘scﬂvf walking

whole body vibration grou

G“’ﬂ‘lJEl}IlEWlﬁﬂmﬂ‘T”&

sadmill group and treadmill with

068+0.13 & 073+ 0.11%, 0.1599./

T™: q'eadmill group, TM+WBV: Treadmill + ol body vibration group
* Within-group difference between pre-test and post-test, paired t-test, significant with p < 0.05
Between-group difference between treadmill group and treadmill + WBV group, ANCOVA
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After 12 weeks, chair stand was significantly increased from 17.76 + 4.82 to
20.00 + 4.69 repetitions/30 s. in TM group. Step test was significantly increased from
67.27 + 19.60 to 72.45 + 20.37 repetitions/3 min in TM + WBV group (see Table 4.4).

However, physical performances (SR, CS, ST) were not significant differences

between group (For more details see Appendix D).

Table 4.4 Comparison of ph

with whole body vibration gr

Physical P-value
performance
Sit and reach (SR) 0.656
Chair stand (CS) 0.605
Step test (ST) 0.052
TM+WB'

TM: Treadmill group, TM+WBV: Tread
* Within-group difference between an 16 ignificant with p < 0.05
Between-group diffefence between treadmill COVA

{7

After 12 weeks, the right singl 5 se"With eye: f',:. (SLS) was not

significantly increased fro‘m 20.52 +9.16t022.10 + 8 85 s in TM group and from 23.77 +

sl hAU0N (1931 (DML e
from 22.52 18+ 7.58 s
inT™M + WBV group. Subsequent analysig using Mann-WImey U test, the resuhymwed

FRIRIFTRANRTING TR
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Table 4.5 Comparison of single leg stance with eyes open (SLS) between treadmill

exercise group and treadmill with whole body vibration (WBV) exercise group

Leg side the test Group Pre-test Post-test p-value

with open eyes Mean + S.D. Mean + S.D.

Right 22.10 + 8.85 0.932
\ 4.63 £ 7.37

Left : - 3.07 +9.08 0.472

_ 8 + 7.58
TM: Treadmill group, TM+WB\4 > Body vibrat _ ,{"‘“»
Within-group difference belweegnipre-(gs _ 1 H’\
Between-group differencefetwegh trad group.a i\‘\ _ ., ANCOVA

™™ + WBV group fetundfn sq are test showed no

d TM + WBV group was

significant difference hetween o
19.05% and 31.82%, respéctivaly (6eé Tabte 4.6). Mos v is muscle strain (For

more details see Appendix F)

Table 4.6 Comparison of injury belween treadmil nd treadmill with whole body

vibration group

Group p-value
Treadmil | R 17 21 0.022'
Treadmill + WBV, - "'1"

Total 1 3

" Between-group difference between treadrmllﬁroup and treadmilé=WBY ﬁroup Chi-squée'test,

RFEARNNILARINEIRE

Satisfaction of the participants in TM + WBV group was significantly more than

the TM group (For more details see Appendix G) (see Table 4.7).
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Table 4.7 Comparison of satisfaction of the participants in treadmill group and treadmill

with whole body vibration group

Group Satisfaction score (score 0-10 cm.) P-value

Treadmill 0.001'
Treadmill + WBV
" Between-group difference be(Weemtreadiill groupand treaamillEWE group (p < 0.05), ANCOVA

]

A
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CHAPTER V

DISCUSSION AND CONCLUSION

The present study was condue 7 i e effects of 12-week treadmill
training alone comparing with treadmill Sir al dy vibration exercise in Thai
postmenopausal women. Diseussion-is-expressed i d\opic heading as follows.

Despite the h | _ authe stibjec | undergone treadmill exercise in
conjunction with vibrati [ 38-inG .: di e formation and decreased in
bone resorption, the resulig : N SEAE %, A 30-minutes treadmill
walking with moderate ve 20-F es who -,H:c vibration exercise (1-

minute bouts of WBV exerci g Period), 3 days a week for

the total of 12 weeks increased'both — es tion. Moreover there was no
statistical significant difference in téffag-of-bone it and bone resorption between the

™ and TM + WBV group. This-ex ppriate to both reducing bone

resorption and enhaneing bone forr . There may be ¢ e tothes ¥ergise protocol is too

Y
‘easé of bone formation

a

On contrary, a pre}/ious study found that walking exercise resulted in decreased

bone resorpti in S i "f 1 Mn. Yamazaki
et al. studie ep Oﬂo wm 2ﬂi£’sity| daysia week for 12

weeks in posa"enopausal women expel‘?ncing osteoporcﬁis. aged between 49.75 years

PRSI NS

studied effects of the 30-week walking exercise with 74% VO,max intensity, at least 6.14

short duration, inade h’r_

was a consequent feedback of i

km/hour walking speed and mechanical loading of 872.3 N/ 1.22 times of the body weight.
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Increased leg muscle mass and delayed bone density reduction was found (Borer et al.,
2007).
Xiang-yan et al. reported positive effects of whole body vibration exercise on bone

mineral density of postmenopausal womi iang-yan et al, 2008). Subjects were

randomized into 2 groups. Group | Xercis Swi iutes vibration training at frequency
30 Hz and amplitude 5 mm, atleast & day ek nths. Group Il was a control

group with no exercise pagicipation..Subjeck @ vibration exercise have

ensity of lumbar spine

In assumption, frg tudigs V8, exercise by v alking or vibration training
: eek) and longer duration
for several months (6-§ 1 de 1 onesfesor I" and enhance bone formation in
postmenopausal women. hOur y At S ] no positive result from
the chosen exercise pfotocgl evén when comt /alking vibration training. The
reason may be from inadéquate tion: of: .-; gise per session (10-minute vibration),

frequency (3 days/week) and piab-penod o P eeks). Combined treadmill

with whole body vibration cannot shorten-t: ovw-::.;;-' Fexercise to less than 6 -8 months to
show significant positive effec J' " ot

However, pigrienopausal women may benefitforthis-exereisestinton ef al. studied
PR )

effect of walking e valke5-minutes at 60%
VO,max intensity, 5 days a week in conjunctic 1utritional After 6 weeks, they
increased serum osteocafm and alkaline phosphatase which indicates increased bone
TFT'IJZH“’J /03D (D | 130914 e
2006.) Age'a t this result.
Nevertheless is important to mention that our study was ﬂe in postmenopauwomen

AN AN IR

not exercise on the regular basis; therefore they are not suitable for high intensity exercise

for a prolonged period of exercise. Whole body vibration does not added on benefit with a
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short period moderate intensity walking program as our expectation. The training program
should be revised regarding exercise frequency, training intensity progression, total

duration of exercise period. Also, the period or number of session of vibration training and

Our study found that.walking exarcisel wi intensity plus vibration training
for 12 weeks is not sufficiest™0 _iaCreess Palance and j.speed. Treadmill training
group showed increased le@ 1 gthy improved bz ""*'-.\‘ increased walking
speed when compa .“Ihere“may corerelated with
frequency of injury. \ p showed superior
cardiovascular fitness. Howeve ~'.' ffard. \deviation muscle strength of the
vibration training group4€ ) vahied i .r ge.. e effect of vibration training may not
be equally beneficial for evgly ject in this groupand no statistigally significant difference
between groups regarding balafce an: -P" ysicatg pances was found.

Aging is associated with déergased - musch gth that affects the major postural
functions (Whipple et al., 1987%).=8eVeral ed_that training allowings to
counteract age-rel' _________ ! I . impbell et al., 1997, _._"-1-. ural control may
rely on the proper !ﬁ*’_ l';",j uscle strength of
lower limb (Gauchard & 19 007) a correlation of leg
muscle strength with balance. Interestingly, impairment in lower extremity strength is
primary fact \ﬁ rf li d and Ward,
1994; Lord ﬂ ug\ tﬁﬁsm:e W Hﬂﬁﬁ 2005). The

exercise tralnﬂ; might partly |mprove* leg muscle strength Based on th:ijndmg,

@mammmfn U T2

dlfference because wide SD range.



Conclusion

Effects on biochemical bone markers, balance and physical performances after 12

weeks treadmill training with whole body, vibration are not significant difference from

treadmill training alone in Thai postmenopausal wemen. Jreadmill taining and treadmill with

whole body vibration exercise. in one for : sorption after the 12-week
training. Bone turnover is still Righ™ @fCi r study have not positive
effects on bone metabogW‘I

The decline in bConé" sieh alance. and. musele strength are important
contributing factors of fracigfe fzamfall e postmenopausal women. This may be
influenced by regular€Xerci ased on the res eadmill.exercise and treadmill with
eles strength that may
reduce fall rate in postmeng@pause e Bot S have good satisfaction according

to mode of exercise buiftreadmill plus B le ation @ \ p fias more satisfied than

=
1. Compara and tfeadmill with whole
L i
on bone and ph .,LJ al performances in

body vibration exercist balance

postmenopausal women V\ﬂh‘] or without osteoporos;b

eﬁemmmm AW

performances in aspects of frequency, dhtensity, duratiopsper session, total dgration of

FRTIRATRANVINGIRY
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APPENDIX A

53

General information of postmenopausal Thai women participating in the research

Treadmill exercise group:

Weight {

Period of menopause (yr)

No. Age (yr)
1 55
2 57
3 64
4 60
5 65
6 64
7 55
8 58
9 59
10 56
k| 58
12 56
13 57
14 63
15 57
16
17
18

qumwﬂmwmm 'i

‘465 20.9

¢ 156

6
7
11
10
15
9
5
15
10

—

’ﬂﬁ'ﬁ?ﬁﬁﬂﬁmﬂﬂﬁﬁ?ﬂmﬁﬁ

Mean
S.D.

58.95
3.07

52.26 154.50 21.75
6.13 5.64 1.72

8.50
3.46




Treadmill + Whole body vibration exercise group:

No Age (yr) Weight (kg) Height (cm)  BMI (kglmz) Period of menopause (yr)
1 55 54 148 24.6 6
2 56 59.6 _ 245 5
3 ' 21.3 5
4 6
5 5
6 8
7 7
8 5
9 9
10 8
1 5
12 7
13 6
14 5
15 7
16 59 7
17 58 8
18 55 5
19 56 156 6
20 55 Fi g 152 'Y 21 6
> AUEINEPINEINT
22 @ : 10
Mean  56.59 52.48 6153.32 22,10 0./6.64
Q9% {4
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APPENDIX B

Biochemical bone markers results of postmenopausal Thai women participating in the research

Treadmill exercise group:

Pre-test Post-test
No PINP B-CrossLap PINP B-CrossLap NMID-osteocalcin
(bone formation)  (bone resorption)s - (bor : i(oone formation)  (bone resorption)  (bone tumover)
1 87.49 0.688m 3y 4T i 6 1.29 39.45
2 44.48 - -
3 42.96 0.557 16.87
4 35.43 0.53 20.23
5 49.98 50,6 0.674 14.83
6 4327 0.835 23,66
7 40.85 0.658 14.25
8 47.91 . -

9 65.85 0.871 22.49
10 42.99 0.649 16.55
1 1183 1.53 39.59
12 144.7 1.31 50.23
13 51.56 1.32 21.39
14 56.65 0.648 20.12
15 35.83 0.552 20.88
16 58.95 o 49 25.77 107.1 0.987 22.66
17 40.37 3117 |  34.06 0.578 19.33
s AuganesanEng =
19 0.43 24 44 83.58 0.87 30.17
2 .| ﬁ'&] 3 : é’ 15.64
9 ﬁﬂﬁ‘im ANINYTQY -
2 ' 6329 0.454 29.76 91.04 0.445 20.63
23 120.6 0.655 45 135.8 1.33 402
Mean 62.97 0.49 29.22 76.66 0.89 24.91
S.D. 30.20 0.21 11.94 3255 0.32 0.19
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Treadmill + Whole body vibration exercise group:

Pre-test Post-test
No PINP B-CrossLap NMID-osteocalcin PINP B-CrossLap NMID-osteocalcin
(bone formation) (bone resorption) (bone turmover) (bone formation)  (bone resorption) (bone turmover)

1 37.28 0.256 {: - -
2 91.67 N 1.06 37.56
3 75.58 1.28 22.82
4 88.73 1.24 26.99
5 94.2 1.74 35.32
6 68.48 1.25 30.67
3 81.64 1.03 20.16
8 8.61 0.495 13.79
9 66.91 0.935 18.66
10 75.62 1.72 61.37
11 54.09 0.684 22.53
12 73.76 0.923 28.6
13 29.85 0.752 20.56
14 82.94 1.25 34.31
15 4322 | 0.54 20.15
16 62.26 ; —636d T~ | 0797 21.24
17 49.01 I 0. 5.74 LI.- 1.02 244
18 80.21 0.638 37.1 73.38 1.25 25.84
19 68 12.24
- | < ﬁwaﬁaw%ﬁn'ﬁ
21 79.33) 0.527 36 .33 86 92 0. 473 21.92
22 : 2412
4 RIAAINIMNINY IR Y =

Mean 65.23 0.51 30.81 80.80 0.97 26.11
S.D. 22.19 0.16 12.15 25.64 0.37 0.22
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Expanded timed get up and go test (ETGUG) results of postmenopausal Thai women
participating in the research

Treadmill exercise group:

Pre-test Post-test
No Walking speed (m/s) | '. Walking speed (m/s)
1 0.77 ] y 0.89
3 0.77
- 0.87
5 0.61
6 0.90
7 0.59
8 -
9 0.69
10 0.73
11 0.71
12 0.91
13 0.74
14 ’ 0.60
15 Y] o063
16 0.78
17 0 75 “ 0.82
18 .76
w ﬂuﬂﬁwﬂwswaﬂni
20 0.42
UURNINYTHY
-4 WIANTLI 'E@
23 0.79 0.72
Mean 0.68 0.73
S.D. 0.13 0.11




Treadmill + Whole body vibration exercise group:
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Pre-test Post-test

No Walking speed (m/s) Walking speed (m/s)
1 0.77 -
2 0.68 0.81
3 0.63. % 0.66
4 £ - 0.67
5 0.87
6 0.56
7 0.58
8 0.70
9 0.65
10 0.90
11 0.80
12 0.65
13 0.72
14 0.62
15 0.48
16 0.76
17 0.72
18 0.70
19 0.74
20

0.10




Physical performance results of postmenopausal Thai women participating in the research

Treadmill exercise group:

APPENDIX D
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Pre-test Post-test
No Sit and Chair stand Step test Sit and Chair stand Step test
reach (cm.)  (times/3 sec.) (time reach (cm.) (times/3sec.) (times/3 min.)
: 5 16 % ’ 22 66
2 4 - -
3 3 22 43
4 19 17 63
5 -18 13 37
6 20 30 95
e 8 16 44
8 6.5 = -
9 17 17 65
10 17 22 78
1 8 15 57
12 4 26 70
13 23 18 65
14 6.5 21 69
15 10 18 67
16 6 12 30
17 6 16 80 8 20 82
18 1 ‘; o ] 6 68
o | AUHLINYDINENT
20 19qll 15 & 72 &1 26 o/ 78
"ARNAIDTIUYNN YWY -
22% -5 16 -3 24 69
23 -6 25 64 -5 17 56
Mean 7.26 17.76 63.19 8.43 20.00 63.90
S.D. 10.15 4.82 12.56 10.59 4.69 16.35




Treadmill + Whole body vibration exercise group:
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Pre-test Post-test
No Sit and Chair stand Step test Sit and Chair stand Step test
reach (cm.) (times/3sec.) (times/3 min.) | reach (cm.) (times/3sec.) (times/3 min.)
1 7 21 . - -
2 3 20 63
3 25 26 93
4 -1 25 60
5 14 26 92
6 -4 18 0
7 -8 21 70
8 15 23 70
9 19 24 75
10 1" 20 65
1 14 22 74
12 6 28 91
13 13 28 84
14 I 29 85
15 21 24 81
16 7 2 66
17 20 24 85
18 10 ‘iﬁ’ﬂ 73 / 9 14 67
- PIUERANENINYING -
20 ﬂ“ 22 1 7 87
21 21 17 ¢ o1 222 20 &/ 96
QRN AIATUHANINYRY «
28 K 15 11 46 17 12 48
Mean 11.59 19.18 67.27 12.18 21.59 72.45
S.D. 8.16 4.38 19.60 7.88 6.14 20.37




APPENDIX E

61

Single leg stance (eyes open) results of postmenopausal Thai women participating in the research

Treadmill exercise group:

Pre-test Post-test

No Right leg Left leg Right leg Left leg
1 26.81 4,12 16.39 16.56
2 22.12 -
3 10.55 15.11
4 30 30
5 30 30
6 26.31 30
7 7.45 30
8 26.4 -
9 30 30
10 26.65 23.8
11 5.15 8.04
12 30 30
13 27.89 28.08
14 19.53 12.73
15 181743 5.59
16 1.85 'wdl 258
17 30 1 30
18 26.36 28.33
19 :' b 22.78
» | BUYINEV WEJ"lﬂ‘i
21 23.63 23.95' 0.28.47
= WIRIN T U AN N A
23 20. 1

Mean 20.52 22.52 22.10 23.07
S.D. 9.16 8.72 8.85 9.08




Treadmill + Whole body vibration exercise group:
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Pre-test Post-test
No Right leg Left leg Right leg Left leg
1 221 =
2 27.94 30
3 11 13.69
4 30 30
5 27.11 30
6 30 30
P 28.54 30
8 30 19.14
9 18.03 30
10 20.24 30
11 12.83 30
12 30 30
13 30 30
14 30 30
15 20.86 25.34
16 3.58% 3.79
17 26.19 9.58
18 27.09 28.22
19 30 30
20 au El 30
21 gf 30
22 2217 Q.96.15
2% 17,3 25 * Ia E I
Mean [§  23.77 2416 2463 |  26.18
S.D. 7.24 7.90 7.37 7.58
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APPENDIX F

Injury results of postmenopausal Thai women participating in the research (Post test)

Treadmill exercise group Treadmill + Whole body vibration exercise
No (1= injury, 2= no in ._ ) ' group (1= injury, 2= no injury)
* 17/ )
2 W 2
3 2
4 2
5 2
6 1
7 1
8 2
9 2
10 2
1" 2
12 1
13 2
14 - 2
15 )
16 | 2
17 p ﬂ1 o 2
18 1
. | AUYINYNINYINTG,
20 v 2 g 2 29
QRAINTUUN)INGINE
22 q 2 1
23 2 2
% injury 36.36 63.63
% no injury 53.13 46.88




APPENDIX G

Complacency results of postmenopausal Thai women participating in the research

Treadmill exercise group | Treadmill + Whole body vibration exercise

No w1 group

1 8.7 ‘-II.UI}V :

2 — 9.8

3 9.3

4 9.7

5 10

6 10

7 10

8 10

9 9.7
10 9.8

11 9.7
12 9.6
13 10

14 — 9.3
15 T os
16 Il 10

17 7.9 10

| AugIneninenT
19 1 6
20 Y 8.4 "4 25 109
2 WIANFIUANRNINE 1R E
22 9.

23 9 10
Mean 9.14 9.81
S.D. 0.81 0.23
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APPENDIX H
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(Patient Information Sheet)
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APPENDIX |
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- 0 J L] [ 3 -l ] LA o o y ]
N398E8Y  NATBINFRRNMNSINMELUFRIAIENIUTINTUNseanindINBLUURusie N3
afuuarnisanianzgn wis 12 filawiludnigedanunlszanisey

"3 0w, [ 3 J
AulAnEueen Suh............ 1P, ..

dmidn  weanYua o Feumeazidanann

5 . S -
nansieyadmiudidda NAsaALe SIEGEE. B —

fuganlinnisisei dand il sungaiungan i E 16 UsE A IATRIN5IRE TTETIAN
0 & o el - e 2 = ._"-_ ‘ . o4 J z
YRINIINIIAE FBN15A el s F881N227828L N AN WTRANEN LT FuNa

el & ] -
Uselamaniatuainnig ' ANYTAL 95 AU ‘Bf_lﬂ 'ihwnwnmua.,

Tamafizanalunisdng findisi i1 188 1ulo IapeAde ldnauAnnwsing

dpAnang giirdaideay
F) ks d
o v - W i g Q4
Frunsinmnenunalaeliidedn T9aastasas AFURATTATHAN. ..ccooooooooe )
44 - s | # J B} 7
drmdrlananazuenidmdas Tnglsisuilusinauds

- WY
sAvzaNaaw  Ndmidn

MBNA UATNITUD
z J

aral#susialyl "{1

Fadnusesdn

| > o
viayadIuires AN u@l.ﬂmnu'lo\’wmzmﬂ

-
Keumwuﬂwmnhmi’a«mw 1,|nvulummmumqmuawmﬂw

B AN NN

gnifesaasdayawiniy Tnzlmmnmmﬁi’qﬂnmeﬂnmﬁmﬁq"lﬂvmﬂummvlﬁ"

ARSI IR A Ve 1A B
ﬂummm%" [manudeyala q 1eedidnsnise WAy wasanhdmdn

gpendnniadnsnlanniPseuasiaanis i tenasuase  faeteldnseaay

v
MVuANE1N108UAUD T nE 14



70

fnddnladn  dawdnTavanazamaseuvieutladeyesausinresindiun:
awnsndnmslidnslunislddeyadousarasdmdls aedesudaliiidefunsy
fndlEnsrminindeyalunsidusnisfeyanismaunndilifiniadaeede
zelunszuaungsing o s mafiudeys nstuiindeyaluneuianes nsmsasau nis
Annedl warmentaaitednglszasimaanemans ﬂu'ﬁamﬂ-ﬁaqﬂm\ammﬂmﬂm

Aausaeanuisinla

...... PO — N Tt T Y

efBunensa

------

- X - us =l = : 5 [ [ -l L
MATUIINNITIE N kY NP 149 LB NATLREA gt

fuirdanlulasannsidumagiudfien i line ikgeina i dn 1as niauasunasly

... AU NI

.—.l s 0 oo s
JTREVNITBAILTIAN
S0
A

i¥

A NN
AR TUNNINGAY



71

APPENDIX J
wuutiufintayadiuynns
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APPENDIX K

Screening visit

Subject number..................... Date.......

Inclusion Criteria Yes

1 - e - 4
1. fidrdsidduidudszansugs

' - i
atiatiat 5 nileny 55-65 1

aannfIn e tesn

Juindanisaidlug s

wian1sunmAanlRe ag
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5. AHuNsanne (BM
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Uarafiaini (Re
(Chronic arthritis)"

aﬁnmmmﬂy
Poor control hypertension) Tennrqniwmnﬂﬂuﬂu

RS IRATTHR
T e

6 Ligsdasladdaunsiinudanisnagay
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APPENDIX L
Baseline visit
Date...ccuissivinin:
Subject number..................... Group..
HAUGY. .o T2 N kg
Resting HR.........ccocovevnneee...opm o BRESER B & ..................... mmHg.
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APPENDIX M
Post 12 weeks exercise visit
Date..
Subject number.......... Group
BAUGY. .o CM. WU, kg
Resting HR...........oocevveevnen...opm ABREBEE B &...................... mmHg

Bone formation
PINP .0
Bone resorption
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Bone turnover
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APPENDIX N
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APPENDIX O
Study summary
gl | - I
Date...............
Subject number..............
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