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MECHANICAL STIMULATION

e Wolff’'s law (19th century, Julius Wolff)

— Bone Is deposited and resorbed to achieve an
optimum balance between strength and weight
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Fig. 1. Responses of bone to loading.



MECHANICAL STIMULATION

e Musculoskeletal system
— Bone
— Muscle
— Tendon
— Ligament

e | 1.5% of bone mass

every month in space
flight




MECHANICAL STIMULATION

e Exercise

e Biophysical interventions
— Extracorporeal shockwave (ram, z005)
— Low Intensity pulsed ultrasound (LIPUS)

(Leung, 2004)
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WHAT IS VIBRATION THERAPY?

e A biophysical modality to provide
systemic vibration signals at 30-50Hz
e Magnitude: variable
e Treatment period: 3-20mins/day
e Vibration modes:
— Up and down (Vertical)
— Left and Right (Tilting)

e Brands: Fitvibe, Galileo, Juvent, Nemes,
Powerplate, Smitech, Turbosonic,
Vibraflex ...




VIBRATION PLATFORM
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RESEARCH ON WHOLE-BODY

VIBRATION

» PubMed: 757 papers with keyword “whole body
vibration” (WBV) and 66 reviews up to 2008 Jun

(_3 NCBI Pub ﬁgmbmmgw 0 the National In

Protein Genome Structure
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[J1: Chrstiansen BA Bavly PV, Silva MT
E Constrained tibial vibration in mice: a method for studving the effects of vibrational loading of bone

I Biomech Eng. 2008 Aug; 13004):044502.
PAID): 18601464 [Publed - in process]



MULTIFACTORI
AL EFFECTS OF
VlBRATlON




MULTIFACTORIAL EFFECTS OF
VIBRATION THERAPY

e Muscle (Balancing, Jumping height, Lower limb
extension strength, Low back pain)

e Bone (Bone mineral density: spine, lower limb)

e Circulation (Blood flow at lower limb)

e Hormonal (Growth hormone, Testoterone)

e Fracture healing (callus formation)
~. * Psychological (pain relief)




EFFECT OF VIBRATION THERAPY
ON BONE

e Osteogenic

e Animal Study (rusin, 2001
— Adult sheep (6-8 years)
— 30Hz, 0.3g, 20min/day
— tBMD T by 34.2%
—Tb.NT; Th.Sp ¢
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EFFECT OF VIBRATION THERAPY

ON BONE

e Animal-Molecular Study udex, zoos)

— Adult female BALB mice
— Control vs. Vibration vs. Disuse

— T in INOS (+39%), MMP-2 (+54%), RANKL

(+32%) after 21 days

— 60% suppression by disuse vs. 55% Iincrease

by vibration
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EFFECT OF VIBRATION THERAPY
ON BONE

e Confirm signal transmissibility (rusin, 2003)
— 5 females, 1 male

e Transcutaneous K-wire at
L4 and greater trochanter
— >100% transmissibility at <20Hz
— 80% transmissibility at >25Hz
— 30% transmissibility with 20° knee flexion




EFFECT OF VIBRATION THERAPY
ON BONE

e Clinical Studies
— 70 postmenopausal women (rubin, 2004)

— 20 disabled, ambulant children (wara, 2004
— 70 postmenopausal women (verschueren, 2004)
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EFFECT OF VIBRATION THERAPY
ON BONE

e Clinical Studies

— 48 young women (15-20 years) with
low BMD and at least one skeletal
fracture (Giisanz, 2006)

e 30Hz, 0.3g, 10 mins for 12 months
e Cancellous bone in lumbar vertebrae (2.1%)
e Cortical bone in femoral midshaft (3.4%)




EFFECT OF VIBRATION THERAPY

ON BONE
» CLINICAL STUDIES

— POSTMENOPAUSAL WOMEN (HonG KONG)
e 30HzZ, 0.3G, 20 MINS FOR 12 MONTHS
e BMD IN LUMBAR SPINE SIGNIFICANT IMPROVED
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EFFECT OF VIBRATION THERAPY

ON BONE FRACTURE

e 12 Skeletal Mature Sheep (woir, 2001)
— Osteotomy + External fixator
— 5 days/week for 8 weeks
— Enhancement of callus formation
e 34 Adult SD Rats (reung, ors, 2007)
— Fracture + internal fixation
— 6 days/week for 4 weeks
— Callus formation,
bridging T
— Bone structure T




CLINICAL STUDY ON FRACTURE
HEALING

e 40 hip fracture patients

e Start VT on Day 7

e Con’t for 6 months

e Gradually increase to 20
min daily

e Fracture healing,

_ functional outcomes,
= BMD




EFFECT OF VIBRATION THERAPY

ON MUSCLE
e Knee Extension Strength, Speed of
Movement (roeiants, 2004) -
— 89 postmenopausal women i
— 35-40Hz; 2.5-5.0mm amplltudeﬁl'i m
— Max. 30min/day for 24 weeks “.. Bl 18 |8
e Muscle Strength, Postural Control
(Verschueren, 2004) o
— 70 postmenopausal women @
> B T A
y  — Same protocol as above r oy 7 7.
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EFFECT OF VIBRATION THERAPY
ON MUSCLE

e Sensory Organization, Timed up-
and-go (schuntried, 2005)
— Double-blind, randomized controlled
— 20 patients with multiple sclerosis
— 2.0-4.4Hz; 3mm amplitude for 2 weeks

 Timed up-and-go, Tinetti-test saumans = &8
— Randomized controlled trial =
— 24 institutional elderly
— 30-40Hz, 2mm amplitude; 3days/week; for 6 weeks




EFFECT OF VIBRATION THERAPY

ON MUSCLE
e Jump Height, Extension Strength Balance
(Torvinen, 2002) , (@ (b) Vertcal jump
— Randomized cross-over study -] i K
— 16 volunteers (24-33 years) “oe————"¢ /| ~
— 4min treatment T T ] [ ﬁ

e Movement Velocity, Max Point Excursion,
Directional Control (creung, 2007)
— Randomized controlled trial :
s, T 69 elderly

» — 3mins/day; 3days/week for
: months




EFFECT OF VIBRATION THERAPY
ON Low BACK PAIN

e Drivers, pilots, machinery workers
e Cause of low back pain

 Early degeneration of the lumbar spinal
system and herniated lumbar disc

e Dangerous OR benefit ?

[] 1: Iot Arch Occup Environ Health, 1987;59(3):205-20.

Whole-body vibration and low-back pain. A review of epidemiologic studies.

Hulshof C, van Zanten BV,

op2ed;,

s 1 0 1 Clin Orthop Relat Res. 1992 Jun;(279):49-59.

Vibration of the spine and low back pain.

Pope MH, Hansson TH.

McClure Musculoskeletal Research Center Department of Orthopaedics, University of Yermaont,
Burlington.




EFFECT OF VIBRATION THERAPY

ON LOw BACK PAIN

e Randomized, controlled trial for 6

months
(Rittweger, 2002)

— 60 patients with chronic LBP

— Compare lumbar extension exercise and whole-
body vibration

— 1 pain sensation, disability; T lumbar extension

torque
e Improve lumbosacral repositioning
aCCcuracy (rontana, 2005) 6

5]

e Cure rather than the cause
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EFFECT OF VIBRATION THERAPY
ON HORMONAL CHANGES

e 14 male subjects (average 25 years)
(Bosco, 2000)

e 26Hz, 4mm amplitude, 2 sets of 60sx10
— T Testoterone, growth hormone; 4 Cortisol

— T mechanical power output of leg extensor
muscle, jumping performance

e Biological adaptation — neuromuscular
performance

Parameter Before After F, paired
5 vibration vibration f-test
: Cortisol (nmol - I™) 682 (255) 464 (257) 0.3

Testosterone (nmol - I 22.7 (6.6) 24.3 (6.6) 0026
Growth hormone (ng - mI™") 62 (16.2)  28.6(29.6) 0014




EFFECT OF VIBRATION THERAPY
ON CIRCULATION

— StUdy 1 (xerschan-schindl, 2001)
e 20 volunteers (25-35 years)
 Muscular circulation in calf and thigh T
e Mean blood flow T

— StUdy 2 (Stewart, McLeod, 2005)
e 18 women (46-63 years)

 blood flow increased in calf (30%), pelvic
(26%) and thoracic regions (20%) at 45Hz

e Enhance peripheral and systemic blood flow,
peripheral lymphatic flow, venous drainage




IMPLICATIONS FOR CLINICAL
APPLICATIONS

e Osteoporosis, Low BMD

e Astronauts

e Low back pain _

e Loss of neurological coordination "

e Muscular problem

e Athletic training

e Fracture
-« o Preventive




CONTRAINDICATION?

e Pregnancy

e Acute thrombosis

e Acute Infection of the skeletal system
e Malignant growth

e Fresh fracture

e Gall and bladder stones

 Following general operation

.= Depression

e Implantation
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