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OoTtikn AltwAeLa Kat HALKIo
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Kemper, Pediatric Exercise Science 2000;12:198-216.
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Entapkeg aofeoTio

— 1,000-1,500 mg / nuepa
Emrtapkn Bitapivn D

— 600-800 IU [ nuepa
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Apaotnplotnrta kot BMD

Changes in bone density (%)
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[Tlpocapuoyr 00ToU o€ PopTIiX

e Otcia
— Oé&ela mapopopdwon tou
00TOU
— EpeBiopa yio xpovieg
LETOBOAES

Bone with

osteoporosis

e Xpovia

— 2UVTNpPEL TOLOTNTA 00TOU



O vopoc tou Wolft

e To ootoUV
QVTOATIOKPLVOUEVO OTLC
LLNXOLVLIKEC POPTLOELC
HeToBAAAEL TNV
EO0WTEPLKN
QPXLTEKTOVLKN TOU KOl
TO OXNUA TOU.

e “Use it orloose It”

Julius Wolff 1836-1902



Avakatookeun Ootou




Oewpia Mnyavootatn (Frost)

BloAoytkol unyaviopoi

— Kuttapikoi Stofifaoteg
Mnxovikoi TTapayovTeq
Nevpopuikn dpaotnplotnta

— EA€yxouv Bloloyikouig

UNXOVLOOUG

Ot BroAoytkot pnyaviopotl
BonBouv aAA& dev umtopouv va

QVTLKOTOOTOOUV TOUG

UMY OVLIKOUG TIAPAYOVTEG

Frost HM. Bone’s mechanostat: A 2003 update. Anat. Rec. 2003; 275A:1081-1101



Entiopaon ®optiwv oto Ootouv

H. Frost: The Utah Paradigm of Skeletal Physiology
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Frost HM. Bone’s mechanostat: A 2003 update. Anat. Rec. 2003; 275A:1081-1101



Oewpia MnyavooTatn

Mnxavikoi
[TapayovTeg
Challenges

Increase in
- bone length
- muscle force

bone bone architecture
strength bone mass

l Regulatory Feedback Loop

tissue strain setpoint

BioAoyikoi
Mnyaviouoi

mechanostat effector

signals

hormones, nutrition, behavioral,
environmental factors

Modulators

.‘7.

osteoblasts
osteoclasts

Schoenau E. From mechanostat theory to development of the "Functional Muscle-Bone-Unit». J Musculoskeletal Neuronal

Interactions 2005; 5(3):232-238.




®OAolog Mnplaiou

* To YOG ELWVETAL
LETA TNV NALKIO TWV 27

£TWV OTLG YUVALKEG.

* Havtoyn og kauyn ;e

& Humenes prox
W Humenes shaft

.8 O Femur

T PAUEVEL OTOOEPT R

LEXPL T 60 €TN HE

avénon NG OLAETPOU

Uusi-Rasi, et al. Associations of physical activity and calcium intake with bone mass. JBone Miner Res 1998; 13: 133



EEEALEN TOu AvOBpwTTou

Neanderthal Modern human




Aopn / Avtoyn

6.75 7.25
In(Proximal Femoral A-P Strength)

Ruff et al (2016) Limb Bone Structural Proportions and Locomotor Behavior in A.L. 288-1 ("Lucy"). PLOS ONE 11(11)
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Alaotnua kot OoTteomopwon
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Parietal Bone

Keune et al: Effects of Spaceflight on Bone Microarchitecture in the Axial and Appendicular Skeleton in Growing Ovariectomized Rats
Nature Scientific Reports 2015 : 5, Article number: 18671
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Orwell et al: Skeletal Health in Long-Duration Astronauts: Nature, Assessment, and Management
Recommendations from the NASA Bone Summit Journal of Bone and Mineral Research, 28, 6, 2013 1243



AoKnon oTto AldoTnuA

IRED 2001: Squats 300 Lbs ARED 2009: Squats 600 Lbs

Orwell et al: Skeletal Health in Long-Duration Astronauts: Nature, Assessment, and Management
Recommendations from the NASA Bone Summit Journal of Bone and Mineral Research, 28, 6, 2013 1243
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Orwell et al: Skeletal Health in Long-Duration Astronauts: Nature, Assessment, and Management
Recommendations from the NASA Bone Summit Journal of Bone and Mineral Research, 28, 6, 2013 1243
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Aoknon kot BMD/Meproym

Exarciza
Mo exercise

Going et al. Effects of exercise on bone mineral density in calcium-replete postmenopausal women with and without hormone
replacement therapy. Osteoporos Int 2003; 14:637-43.




Aoknon kot BMD/Meproym

Exarciza

Mo exercise

Going et al. Effects of exercise on bone mineral density in calcium-replete postmenopausal women with and without hormone
replacement therapy. Osteoporos Int 2003; 14:637-43.




Eidoc aoknong kot BMD
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Going et al. Effects of exercise on bone mineral density in calcium-replete postmenopausal women with and without hormone
replacement therapy. Osteoporos Int 2003; 14:637-43.
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Going et al. Effects of exercise on bone mineral density in calcium-replete postmenopausal women with and without hormone
replacement therapy. Osteoporos Int 2003; 14:637-43.




Poptia Kot PAOLWOEC OOTOVV

. 8 — Reference

& Tenres=quash

 Epyaoio o€ TeEVVIOTEQ | © o

o Kupiopyo mpog un
KupLloPYO Avw AKPO

e Ta pulka popTia TNG
Aoknong auéAvouy TNV

OOTLKT) TTUKVOTNTA

Kannus et al. Effect of starting age of physical activity on bone mass in the dominant arm of tennis 320: 554-8 and squash
players. Ann Intern Med 1995; 123: 27-31



Mowa eivail n 2xeon Ootou kat Mutkng Madoag ?
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Schoenau E. From mechanostat theory to development of the "Functional Muscle-Bone-Unit». J Musculoskeletal Neuronal
Interactions 2005; 5(3):232-238.
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ETtikolvwvia puog -00Ttou

* >YEOT HUWV LIE OOTA

EXERCISE

— Kolvr pecuyyupuaToyevn

T[pOE)\EUO'T] EXERCISE |
1 . Mechanorac-epl?r
— Kowvog yovioLakog EAeyy0G [ Muscle o conesrcr
(«T[}\El_OTpOT[I_K(IX)) YOV|I_8[_(X) [_ Modeling/remodeling
Mineral pool
e «EvOOKPLVIIG HULKT ez |||/ L —
4 IW}—” orissatas
6paoT N — -

— Mvuokivec

B.K. Pedersen, Muscles and their myokines, J Exp Biol 214(Pt 2) (2011) 337-46



AvaoTtoAr MuooTtativng kat BMD
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Melwpevog Atmwong lotog — Auénon Mutkng Madag Kal
Avénon BMD ywplig adénom putkrig SUVAuNG
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Hamrick et al. Loss of myostatin (GDF8) function increases osteogenic differentiation of bone marrow-derived mesenchymal
stem cells but the osteogenic effect is ablated with unloading, Bone 40(6) (2007) 1544-1553.




Ootouv wg Evookplvng AdEVaG

e OoteofAdon
— TGF
— IGF-1
— BMPs

e OoteoKkUTTAPO

— FGF23
— RANKL

— QOsteocalcin

G. Karsenty, M. Ferron, The contribution of bone to whole-organism physiology, Nature 481(7381) (2012) 314-20.
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2 LPKOTIEVIQ Oocteomopwon




OO0TEOYEVETIKEG APAOTNPLOTNTEC

 HooteoyeveTikn
avtidpaon eival ELOLKT) GTO
dopTL{OPEVO EPOG

e H doknon mpokaAel
MUY OVIKEG KOL XUMLKEG
TPOCAPOYEG OTO OGTOUV

e AVATIOUCT] ONUOVTLKT] Yl

T(POCAPHOY)




AOKNOT 01N VEAPA NALKIX

e [Meplodog PEYLOTNG

TOYUTNTAG AVATITUENG
TILO ONMAVTLKY] VL0 00TO
H avtidpaon tou ooToU
oto ¢opTio ival
BEATIOTN OTNV

npoednPikn kat epnPikn
nNAio



Topyutnta OoTIkNG AVATITUENG




Acoknon kat Ootikny Mala

M nactive ™ Average M Active

367 367

grlyear

Girls Boys

Bailey et al. A six-year longitudinal study of the relationship of physical activity to bone mineral accrual in growing children:
The University of Saskatchewan Bone Mineral Accrual Study. J Bone Miner Res 1999;14:1672-1679.



Aocknon kat BMC og Mawdld 5 etwv
12% Oladopa HETAEY AKPWV

==BMC Boys <=®BMC Girls

/-3

.56
KaBdAovu doknon Aiyo MétpLa oAU

Janz etal. Physical activity and bone measures in young children: The lowa Bone Development Study. Pediatrics 2001;107:1387-1393



Sport kot BMD
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BorerT. Physical Activity in the Prevention and Amelioration of OsteoporosisSports Med 2005; 35 (9): 779-830



RCT: Aoknon vs Controls
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MacKelvie et al. A School-Based Exercise Intervention Elicits Substantial Bone Health Benefits: A 2-Year
Randomized Controlled Trial in Girls. Pediatrics 2003;112:e447-e452



Alapkela OPeAOUG

e Ta odpeAN NG AoKnoNG
o€ VeOPT] NALKiQ
TIALPOLEVOUV OLKOT KOl
oV OLOKOTIEL 1] AOKT O

0€ MEYAAUTEPN NALKIO

Warden et al. Exercise Young Provides Lifelong Benefits to Bone Structure and Strength Journal of Bone Min Res 22, 2, 2007
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Acoknon otov EvrjAiko

e Auénon ootkn padog

* AVAOYEOT) ATIWAELOG

e [leploocOTEPN EPELVA
aPopd YUVAIKESG AAAG
daivetal OTL

QVTLOTOLY O ETILOPA

OTOUG AVOPEG



RCT: Aoknon vs Control

[_] EXERCISE GROUF
CONTROL GROUP
1-3% aucnon BMD
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120 yuvaikeg TTPOEPUMNVOTTAUCIOKEC
12 unvec 40 AetrTd high impact 3 @opéc / Bdopdda

. Effects of high-impact exercise on bone mineral density: A randomized controlled trial in
premenopausal women. Osteoporosis Int 2005 16(2:191



ACSM Position Stand/EvﬁNKEq

e 3-5dopec efoOOUAdA
— Métpta JuPnAr) évtaon
— AepdBla
o 2-3 Popég TNV efdouada

— AOKT|OELG HE Bapn Kal

GApOTO




Ooteomopwonkat AGKNo

e O TOvog uTopEi va
VOO TEAAEL

* looBaprn katavourn o€
QLOKT)OELG [LE POPTIO KLl

QLOKT)OELG LOOPPOTILOG




OoTEOTOPWON KOl ACKNOM

e AUénon BMD
e BeAtiwomn pUIKNG
Hadog

e BeAtiwon looppoTiiag




AepoBila Aoknon /Octeomopwaon

e >T0)OL
— AU&non agpdPlag tkavotntag
— Meiwon CV kwvdéuvou
 Evtaon
— 3-5/eBdopdda
— 40-60% VO2 max
— Apxkd 20-30 min/ouvedpia
— Metd 30-60 min/ouvedpia

— Me dpdption




Avvapun /Octeomopwon
.

e 2TOYOL

— Auénon ootikrig padag

— AU&non puikng padag

— BeAtiwon wooppomiag
* Evtaon

— 2-3dopegefdopdda

— 8-12 emavaAnPeLg

— Méetpla avtiotaon (60-80%)
e Amoduyn aAPATWY Kal

BaALOTIKWYV KLVOEWV




Acoknon Kol YITEPTALKEG

[ModnAato
OxL 6100POO AOYyW
OLATAPOYNS

LOOPPOTILOG
ACKT)OELG QVTLOTOONG

LE TIPOCOXM

OxL eAevBepa Bapn



EAaotikoTnTO KOl lcoppoTiia

e Amoduyrn 0OKNCEWV UE
PocOia KA KOpUOoU
AOyw avénong Klvouvou
QUTOMOTOU KOTAYUATOG

o APYEG KOL EAEYYOUEVEG
KIVNOELG

e YopoBepameia




EAaoTiKOTNTO KOl # OMZ 2

10-Year F-U: Comp Fx, V Wedging
Back Exercise vs Control

Back Ex: (n=27)
Control: (n=23)

n=14/322
n=6/378 4.3%
1.6%

BEXx C C
No. of comp fx No. of V wedging No. of subjects
with fx

Sinaki et al. Significant Reduction in Risk of Falls and Back Pain in Osteoporotic-Kyphotic Women Through a Spinal
Proprioceptive Extension Exercise Dynamic (SPEED) Program. Mayo Clinic Proceedings 2005:80:849



YrieprjAlkeg kot MNtwon

e 30% mepTOUV 1 POopPA

TO é'[() q AHC Rate of Falls Trends: 2011 to YTD

11.00%

10.50%

OTAGO IMPLEMENTED

e 1% TWV MITWOEWV
0OMNYEL O€ KATOY O
* AoKnorm MeELwVEL 15%-

6.50%

6.00%
2011 2011 2011 2011 2012 2012 2012 | 2012 | 2013 2013 2013

V4
O O/ T -I-[ T E Qi Q2 a3 a4 Qi o7 Q3 Q4 031 Qz Q3
5 o l q w G l q w=pes FallRate | 8.83% 10.53% 10.99% 9.72% 6.90% 7.72% 7.10%  882% | 7.13%  7.10% 8.40%

Sherrington C, Tiedemann et al: Exercise to prevent falls in older adults: an updated meta-analysis and best practice
recommendations. NSW Public Health Bulletin. 2001,22;3-4: 78-83.



Omaco

e [ 100V pO O Otago (NZ)

i3
0

35% MEWOT TTWOEWV META ATIO 12 UTJVEG

The Otago Exercise Programme, Professor John Campbell & Dr Clare Robertson. ACC New Zealand, 1997




2V0TAOELG ACKNONG

[UUVAOTLKY]
Mdoket
Moddodatpo
[MAELOPETPLKEG

Tevvig
BOAAev
MTQOKET
> KAAEC
Jogging
Bapn
AOCKNOELG UE TO
Bdpog cwpatog
looppoTia
>taBepotoinon
KOPOU

EvrALkeg

HAlKLwpEvol

YymnAr €vtaon
<60% PMa

6 dopEg TNV
eBdopdda
10-20 min

3 popéEg [eBooudda
30-60 min

Métpla tpdg
VPNAY

AVAAOYQ |IE YEVIKT)
vyEia Kal puoLkn
KOTAoTOO

3 popeg/
eBdoudda
30 min




Oepameio OoTEOTIOPWONG

Menopause

W Sax hormones ¥ Anabolic hormones
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sarcopenia osteoporosis

Lifestyle changes

Angostini et al. Muscle and Bone Health in Postmenopausal Women Nutrients 2018, 10, 1103;
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Angostini et al. Muscle and Bone Health in Postmenopausal Women Nutrients 2018, 10, 1103;
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