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1. The strength of bone



Skeleton

15 % of body weight
Cortical bone 80 %

Trabecular bone 20 %



Cortical bone, Havers systems, osteon

Tvar valce

Primér 200 um
Déelka néekolik mm

Koncentrické lamely
9-20 lamel
Centralni kanal

Orientovan ve sméru
podelne osy kosti




Cortical lamels

Lamely Haversovy

Lamely vmezerené

Lamely povrchove

Osteon je obklopen
mineralizovanou matrix



Osteon

Lacunae containing osteocytes Osteon of compact hone
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Lacuna

Perorating canal

Volkmannovy kanalky jsou pficnée
Privadéji cévy a nervy z periostu k H. kanalkum a k endostu



Osteon

Haversky kanal
Lamely kostni
Canaluculi ossium
Osteoblasty
Osteoklasty
Osteocyty

Kostni matrix

Prevzato: P. Dungl, Ortopedie, 2005



Periosteum

Zevni plastove lamely
probihaji rovnobezne s povrchem

Periost:

Zevni vrstva fibrozni- tuhé vazivo
Vnitrni vrstva - fibroelasticka
Kambiova vrstva- osteoblasty




Endosteum

Vnitrni plastove lamely
ohranicCuji proti kostni dreni

Endost:

- tenka vrstva

- zhusténa vrstva stromatu
kostni drené

Obsahuje bunécné elementy

Osteon of compact bone

Trabeculae of SPOoNgy
bone

Haversian
canal

Volkmann's canal




Trabecular bone

Zakladni jednotka:
Kostni ploténky (tramce)
Délka 1mm

Sitka 50 um

Tramce obsahuji
paralerne usporadanée lamely



Trabecular bone

Kostni tramce:
Osteoblasty
Osteocyty
Osteoklasty
Kostni matrix



Trabecular bone

Tramce jsou spojené
pricnymi destickami a tyCkami
Mezi nimi je intersticialni
trabekularni kost

Orientace- paralerné k liniim zatéze

Obrazky v prezentaci prevzaty z: Medicographia, Vol. 34, No. 2, 2012
A journey into Bone: Les laboratories Servier, 2011.



4 stages of bone architecture

1. 2. 3. 4.

Bone composite material

Collagen Mineralized Lamellar Bone packets
mineral collagen fibril organization
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1. Collagen

Kolagen typ I.

Dva a1 retézec
Jeden a2 retezec

Pravotocivy triple helix
Tropokolagen — kolagen — fibrily — viakna
Kolagenni matrix vytvari sit pro kostni mineral

Urcuje elasticitu a ohebnost kosti




Bone mineral

Octacalcium crystal
Karbonovany hydroxyapatit

Krystaly se tvaruji do destiCek

UrCuje pevnost a lomivost kosti
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Bone mineral

Desticky jsou tvrde a krehké

Sila kosti je dana:
- krystalinitou apatitu
- obsahem Ca a P
- zralosti destiCek

Desticky:

Tloustka 1-10 nm

Déelka

60 nm (15 — 200)



Collagen matrix

Fibrily- prumér 200 nm
Mezi kolagenni matrix jsou gapy 35- 67 nm
Do nich se ukladaji krystaly

jako ploché destiCky k sobé paralerné
a v podelne ose kolagenni fibrily

Mineral platelet
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Tissue strain Fibril strain Mineral strain

Kost- komposit kolagennich vlaken a kostniho mineralu
, mineralizované kolagenni fibrily”.



3. Lamelar architecture

Mineralizované kolagenni fibrily se spojuji do lamel.

Dalsi vrstva ma vzdy opacne usporadani
jako preklizka — pevnost pri torzi.
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Lamelae

Trabekularni lamely - paralerne, v polooblouku (hemiosteon)

Kortikalni lamely - koncentricky (osteon)



Lépe organizovana, mechanicky pevna
Tvori se pomalu- depozice kolagennich vliaken 1-2 ym/den
- urcuje rychlost tvorby kostni matrix



Woven bone

Nahodilé usporadani kolagennich viaken
Mechanicky je slaba
Tvori se rychle, napr. pri hojeni zlomenin



4. Bone packets Bone pakels

BSU- Basic structural unit

Kortikalni kost- osteony

Trabekularni kost- trabekularni svazky
, tramce nebo hemiosteony*



Composition of bone

Bone matrix

Anorganic part - 50 %
(bone mineral)

Organic part - 25 % (osteoid):
90 % collagen type |
10 % other proteins

Cells

Water binding on collagen
and mucopolysacharids- 25 %

Kolagen typ I.



The strength of bone

Trabecular bone

Kvalita kortikalni a trabekularni kosti,
kolagenu a kostniho mineralu

Denzita podle BMD predikuje
60-75 % mechanické pevnosti kosti

Cortical bone

Kumulace mikroposkozeni
a mikrozlomenin

Remodelace kosti:
- permanentni odstranovani
poskozené a staré kosti

- zabranuje propagaci mikrocracku
do makrozlomenin Microcracks



Cortical bone

eV, Slozeni kosti
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50% cortical bone
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Factors of cortical strength

Cortical
thickness

External |
diameter

Trabeculae Cortical bone
Prumeér kosti
Tloustka kortikalni kosti

Kortikalni porozita

Osteoporotic bone




Cortical bone in proximal femur

Zajistuje 90 % pevnosti
krCku femuru

Hlavni faktory pro
vznik zlomeniny:

Zeslabeni kortiky

Human femur. SCANCO Xtreme C
high-resolution peripheral quantite

Zvyseni kortikalni porozity g . CT system.
ow ‘ © SCANCO Medical. Al rights reserved.
Reproduced with kind permission of SCANCO

SCANCO Xtreme CT
HR qCT



Cortical porosity

Zvysuje se po 40 letech veku
Tloustka kortikalis se snizuje kazdych 10 let 0 6 %
Zacina resorpci a rozsirenim Haversova kanalu

; Polarization
direction

Raman microspectroscopy



Osteoporosis

Ztrata kortikalni kosti
Ztenceni kortikalis

Kortikalni porozita

Extreme CT: denzita a 3 D mikroarchitektura kosti



Osteoporosis

3D-uCT 2D-microscopy

Tvorba nepravidelnych
obrovskych kanalu

Tvorba rezorpcCnich kavit
Vznik menSich osteonu
Snadnéjsi tvorba mikrotrhlin

NiZSi hustota osteocytu
v intersticialni hmote

Normal




Factors of the strength of trabecular bone

Healthy bone

PocCet tramcu, jejich tloustka T
Spojeni mezi tramci- interconectivity
Usporadani dle silocCar

Trabekularni kostni objem orteathone
Trabekularni denzita

Intertrabekularni spacing

Osteoporotic bone




Trabecular bone

Zdrava kost

Trabekularni kost tvorena prevazne
destiCkami

Plate like elements



Trabecular bone

Osteoporoticka kost

Transformace z destiCek na tyCky

Trabekularni kost tvorena prevazne
tyCkami

Rod like elements



Bone matrix

Kolagen: Krystaly:

Kvalita Velikost
Prostorové usporadani Tvar

Orientace fibril, delka fibril Objem

Cross linky: Osové usporadani

pomer divalentni- trivalentni vazby



2. Diagnosis of fractures



Diagnosis
Anamnéza, mechanismus urazu
Low energy trauma- osteoporosis?
Klinické znamky zlomenin
RTG, CT vySetreni
Peclive radiologicke vyhodnoceni

Opakované vySetreni s odstupem 10-14 dnu



Neglected fx

Z, 59 r., Uraz pred 6 tydny
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3. Healing of fx



Healing

Osteoblasty:

Kortikalni kost:

kambiova vrstva periostu a endostu,
Trabekularni kost:

tramce spongiozy epifyz a metafyz

Osteoprogenitorni bunky

Diafyza - malo bunék
delSi doba hojeni
Epi a metafyza - hodné bunék
kKratsi hojeni




Indirect healing

Outer (fibrous)

A. Hematom

B. Granulacni tkan- zanéet

C. Primarni kostni svalek (osteoid, pletivova kost, chrupavka, vapenaté soli)
D. Sekundarni kostni svalek (nahrazovani pletivové kosti kosti lamelarni

E. Remodelace kostniho svalku



Proces hojeni kosti

Hematom (nebo zanét) Mékky svalek
4.-16. tyden 17. tyden a dale
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Direct healing

Stabilni fixace, mechanicky klid

Hojeni interkortikalni

Osteon: osteoklasty tvori
rezorpCni kanal, za nimi je ceva
a podel ni osteoblasty.




Direct healing

Rychlost osteonu: 0,1 mm/den

Odbouravani a novotvorba

Bez vazivoveho a chrupavciteho svalku




Osteoporosis

Pokles objemu kostni hmoty

Chatrani trabekularni architektury

Zvysena kortikalni porozita
Zvyseneé kortikalni ztenCovani

Zmena kompozice kostni matrix

L. Mosekilde
Tech and Health Care, 1998

Snizena odolnost kosti

Bouxsein. Best Practice in Clin Rheum. 2005 ; 19:897-911
Seeman & Delmas, New England J Med, 2006 ; 354:2250-61



Fragility fractures

Nizka kvalita kosti

Tristivy charakter zlomenin
Zborceni kosti

Prodlouzeni Casu hojeni

VySsSi naroky na techniku osteosyntezy

Horsi fixace implantatu v kosti

VySsi riziko pakloubu



Management

Spravné posouzeni typu zlomeniny

Spravna indikace k lecbe-
konz. postup, OS, aloplastika

Vyber implantatu
Korektni repozice

Stabilni fixace




Hemiarthroplasty

Cemented - uncemented
Monoblock - modular type
Unipolar - bipolar

Metal head - ceramic head

Over 80 .

Higher risk of acetabular errosions



THA

It is preferable versus hemiarthroplasty
In dislocated fx over 65 .
In fractures with O.A. of the hip

3 - 5 % of dislocation
2 - 4 % of septic complication

Reoperation rate in elderly:

Internal fixation 40 %

Arthroplasty 4,5 %



4. Osteoporotic fractures



Fx of proximal femur

Incidence

USA (280 mil. inhab.) 310 000 / rok
U.K. (60 mil. inhab.) 80 000 / rok
CR (10 mil. inhab.) 18 000 / rok

Sveét 1.8 million / rok



Projected Osteoporotic
Hip Fractures Worldwide

Total number of
hip fractures:
1990 = 1.66 million
2050 = 6.26 million

1990 § 2050 28

Adapted from Cooper C et al,
Osteoporosis Int, 1992; 2:285-9




Osteoporosis- risk of further fx

Zlomenina kycle

Zlomenina
obratle

Zlomenina
zapeésti

Morbidita

Vék (roky)

Zvysena morbidita
spojena se
zlomeninou

B Normalni
morbidita

spojena s vékem

Podle Johnell O, et al. Osteoporosis Int. 2004;15:175-179.



A prevalent fracture is a major risk
for another fracture

Incident Vertebral Fracture

-> 20% Risk of another
Fracture within One Year

Lindsay et al 2001

A Fracture:
An Opportunity to Identify
Patients at Incresed Risk ?



Vertebral fracture are under-recognized

Cross-sectional survey in a large regional hospital in New England

934 women>60 years hospitalized and with a chest radiograph

Only 1.8% had a discharge Need for

diagnosis of vertebral fracture |mpro.v?d
recognition

400 600 800 1000
Number of patients

Gehlbach SH, et al. Osteoporos Int. 2000




Consequenses

Dozivotni = € Chuze s
postizeni pomuickou

Ztrata

nezavislosti -
380 %

Cooper C et al. Am J Med, 1997;103:S12-S17.




4. Secondary prevention of fx



Low treatment prevalence after hip fracture

Treatment prevalence (%)

Andrade & al 2003 24
Bellantonio & al 2001 47
Bahl & al 2003 15
Formiga & al 2005 6
Gardner & al 2002 19
Harrington & al 2002 16
Hooven & al 2005 42
Juby & al 2002 10
Kamel & al 2000 5
Kiebzak & al 2002 27
Panneman & al 2004 i
Port & al 2003 0
Rabenda & al 2008 6
Simonelli & al 2003 17
Solomon & al 2003 22

16%
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Secondary prevention

Pacienti hospitalizovani pro
frakturu krcku femuru
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2,0 %

Ph S S

Y * Q
& (\,o‘z &g
o & %0

R
A#

Jennings LA, et al. J Am Geriatr Soc. 2010;58:762-764.



Colles’ fracture:
are physicians missing an opportunity?

1162 women with a distal radial fracture, >55 yrs (60% < 74 yrs)
= 23% received medical treatment for osteoporosis

= 2.8% had a bone density scan

- 76% received neither a bone density scan nor medical

treatment of osteoporosis

Freedman KB, et al. J Bone and Joint Surg. 2000



FFN

Fragility Fracture Network

of the Bone and Joint D“ad'/

NEW FRACTURE

OUTPATIENT
FRACTURE CLINIC

INPATIENT
ORTHO/TRAUMA WARD

Fracture Liaison Nurse

FALLS RISK Rx FOR FRACTURE EDUCATION
ASSESSMENT 2Y PREVENTION PROGRAMME

PRESCRIPTION ISSUED BY GP

McLellan et al Ol 2003, 14:1028-1034.



The coordinator at the center of the system

Patient

Osteo-

Exercise :
porosis

COORDINATOR

Marsch D, et al. Osteoporos Int. 2011



Recommendation

Pravidelna telesna aktivita
Udrzovat bezpecnou chuzi a pohybovou nezavislost

DostatecCny privod kalcia a vit. D
1000- 1500 mg Ca

400-800 IU vit. D

DostateCna vyziva

Odstranit rizikove faktory

Alkohol a cigarety- ne !

LeCba osteoporozy



Results - FLS

Maastricht: po 5 letech nizsi vyskyt opakovanych zlomenin
0 35 % a pokles mortality o 33 %

South California: po 7 letech snizeni vyskytu zlomenin
kréku femuru o 37 %

Sydney: po 4 letech snizena incidence opakovane zlomeniny
0 80 % nizsSi nez v kontrolni skupiné



Results - FLS

Glasgow: béhem 18 mésicu vysSetfeno koordinatorem
4600 pacientu se zlomeninou
82 % zjiSténo jako zl. pfi osteopordze
nebo osteopenii

50 000 pacientu /10 let zhodnoceno
SniZeni poc€tu zlomenin kycCle 0 5,3 %

Mc Lelan: na 1000 pacientu 18 OP zlomenin preventovano
(z toho 11 zl. kyCle)
Uspora 21 000 £



Cost-benefit analysis

FLS cohort of 686 patients, compared with “usual care” cohort of 193 patients:
= 18 fewer fractures
3 life years gained

22 QALYs gained (Quality-adjusted life-years= a unit of measurement of
both the quality and the quantity of life lived)

266 hospital bed-days saved
* Cost saving of 312 000 £ from fractures avoided

S rsobor | usalcareconon |
overasmung {1000 /io00pmtems |

Mc Lellan et al., Osteoporosis Int. 2011




Post-Hip Fracture Use of Prescribed Calcium Plus Vitamin D or
Vitamin D Supplements and Antiosteoporotic Drugs Is Associated
With Lower Mortality: A Nationwide Study in Finland

Medication Purchase-Specific Hazard Ratios for 1-Year Mortality Among Patients
Discharged Home After Hip Fracture,

Medication purchases after discharge home
No purchases of antiosteoporotic drugs or calcium plus ref ref
vitamin D or vitamin D supplements

Only purchases of antiosteoporotic drugs ! 0.56-1.11 0.79 0.67-0.93

Only purchases of calcium plus vitamin D or vitamin D supplements ; 0.56-0.97 091 0.75-1.12

Purchases of antiosteoporotic drugs and calcium plus 0.72 0.50-1.03 0.62 0.50-0.76
vitamin D or vitamin D supplements Men + Women: 0.74 0.67—-0.81

Nurmi- Luthje, C. et al., 2011



UK data



5. Influence of medication
on fractures



Nurishment

Podvyziva je determinantem fraktury krcku
ZvysSuje sklon k padum pro horsi koordinaci pohybu a
pokles svalove sily.

U nemocnych s fr. krCku byla zjisténa
nizsi alouminémie.

Vysokoproteinovy pridavek 30g/den-
Albuminémie se zvysila po 28 dnech o 74g/l.

Riziko — alkoholici, vdovci neznali vareni



Medication

Cile

Inhibice osteoklastt Stimulace osteoblastd

® sieokllas’r

Osteoblast




Medication

* Antiresorptiva
— Bisfosfonaty
— Denosumab
— Estrogeny a SERMs

* QOsteoformacni leky
— PTH peptidy
— Stroncium ranelat
— protilatky - DKK1 a sklerostin
— Antagonisté calcium sensing receptoru



Bisphosphonates

Zvysuji velikost a mineralizaci kostniho svalku
Zvysuji mechanickou pevnost svalku

Snizuji remodelaci svalku

Riziko atypickych zlomenin

RANK LIGAND BINDS TO
RECEPTORS ON OSTEOCLASTS

L 3K Y
[ @ RANKLigand

® e

Activated
osteoclast
BISPHOSPHONATES ENTER AND
INHIBIT MATURE OSTEOCLASTS
Osteoclast
' precursor

BISPHOSPHONATES INTEGRATE INTO
e THE BONE MATRIX AT THE SITE OF
BONE TURNOVER




Denosumab

Zvysuje pevnost svalku
Opozdéena remodelace

Denosumab neni asociovan se zpomalenym hojenim
nonvertebralnich zlomenin

PROLIA® 13577

PROLIA® STOPS OSTEOCLASTS
BEFORE THEY REACH THE BONE
)o Prolia® W RANK Ligand 7 45 g

o PROLIA® INHIBITS RANK LIGAND
i .

PROLIA® REACHES BOTH CORTICAL
AND TRABECULAR BONE




Estrogens, SERM

Langenbecks Arch Surg (2010) 395:163-172
DOI 10.1007/500423-008-0436-x

ORIGINAL ARTICLE

Estrogen and raloxifene improve metaphyseal fracture
healing in the early phase of osteoporosis. A new
fracture-healing model at the tibia in rat

E. K. Stuermer + S. Sehmisch « T. Rack « E. Wenda «

D. Seidlova-Wuttke « M. Tezval « W. Wuttke «
K. H. Frosch « K. M. Stuermer
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Teriparatide

Zvysuje tvorbu svalku

Zvysuje objem, mineralizaci a obsah bunék
ve svalku

Zvysuje pevnost svalku

vC. pevnosti a tuhosti v torzi




(1875 goe T o Surgery ] Parathyroid Hormone 1-84 Accelerates
Fracture-Healing in Pubic Bones of Elderly
Osteoporotic Women

J Bone Joint Surg Am. 2011;93:1583-7

Peter Peichl, MD, Lukas A. Holzer, MD, Richard Maier, MD, and Gerold Holzer, MD

e, aid =i D il =l ES

PTH 1-84 Treatment Group (n = 21) Control Group (n = 44) P Value
Fracture-healing
Week 4% 1 (4.8%) 0 (0% 0.1457
Week 8% 21 (100%) 4 (9.1%) =0.001F
Week 12# 21 (100%) 30 (68.2%) 0.0047
VAS score¥
Week 0 7.6+11 T7T+1.1 0.743§
Week 8 3.2+ 1.0 6.5+0.9 =0.001§
Timed “Up and Go" at Week 12F (s) 229+ 7.7 54.3+19.9 =0.001§

*The values are given as the number of fractures, with the percentage in parentheses. TChisguare test. ¥The values are given as the mean and
the standard deviation. §Mann-Whitney U test.

Conclusions: In elderly patients with osteoporosis, PTH 1-84 accelerates fracture-healing in pelvic fractures and im-
proves functional outcome.




Stroncium ranelate

Mechanismus ucinku

[ A Osteoformace J [\l/ Osteoresorpce}
Pre-osteoblast OO Pre-osteoklasty
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Stroncium ranelate

Pozitivni efekt v prevenci vzniku dalsi zlomeniny
\Vyssi kvalita kostniho svalku
Lepsi vhojovani implantatu
Rychlejsi hojeni zlomenin
Vyssi kvalita nove tvorene kosti

l/iPROTELOS2;

® Unikatni dualni
mechanismus Géinku'? NOVIN

zvysuje kostni formaci a souéasné Viecgs k‘
redukuje kostniresorpci %

¥ Snizuje riziko vzniku
osteoporotické

zlomeniny
obratlaikycle




Case report

Z,57r.

Repozice, sadr. fixace

30 dnu po uraze

- nedostatecna tvorba svalku

- DXA osteopenie
Plastova sadra
Calcium 1200 mg/den

Vit D. 800 IU
SR 2 g/ den




Po 30 dnech IéCby

Case report
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Case report

Po 60 dnech léeCby
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News In osteoporosis

Rozkydal, Z.
|. ortopedicka klinika MU
FN usv. Anny v Brne



1. Diagnostic tools

DXA
FRAX
Laboratory tests

Imaging methods



DXA — Dual Energy Absorptiometry

BMD v g/cm2
T score
/ score
Change




Strength of bone

Trabecular bone

Density from BMD predicts onl
60-75 % od mechanical power

Quality of cortical and trabecul

collagen and bone mineral

Cumulation of microdamage
and microfractures

Remodelation of bone:
-nermanent removal of old

Microcracks



Clinical data

FRAX
Age
FRAX Sex
— fracture risk assessment tool Weight
10 year risk of a majer fracture Height

Sustained fractures
FR? WHOch:uctkscsmcn( Tool FraCture in parents
Smoking

Alkohol 3 or more units/day

Corticosteroids

Reumathoid artritis

Secondary osteoporosis

Combination DXA + FRAX



Laboratory tests

Calcium

Phosphorus

ALP, bone isoemzyme of ALP

Vitamin D normal level: 20-80 ng/ml
Parathormon

Osteocalcin

CTX- C terminalni peptid kolagenu
NTX- N terminalni telopeptid kolagenu
Pyridinolin, deoxypyridinolin

Acid phosphatase



Normal calcium 2,0 — 2,75 mmol/l

Normal phosphorus 0,7- 1,5 mmol/l.

Bone formation

ALP normal level 2,7 ukat/l in man and 2,3 ukat/l i woman.
- indicator of osteoblasts function. Marker of bone formation.
High levels in osteomalatia !!

Bone isoenzyme ALP- marker of bone formation.

Osteocalcin 3,4- 11,7 ng/ml u muzd, a 2,4- 10,0 ng/ml u Zen.

C terminal propeptid of collagen | (PICP)
N terminal propeptid of collagen | (PINP) - products of collagen synthesis



Bone resorption
Tartrate resistent acid phosphatase — marker of bo

Pyridinolin and deoxypyridinolin (crosslinks)
- marker of collagen degradation

CTx- (C terminal peptid of collagen |)
NTx (N-terminal peptid of collagen I)
- products of proteolytic resorption of collagen in b




Diagnostic tools

HR- pQCT

Pair biopsies- histology, histomorfometry
2 D micro CT, microindentation
SEM

Finite element analysis

Raman microspectroscopy



HR- pQCT

High resolution, peripheral,
quantitative CT

Noninvasive meassurement
of bone morphology

Virtual biopsy

Assess microarchitecture
up to 82 um




Xtreme CT

Assess thickness
of cortical bone

{ SCANCO
Xtreme CT
HR qCT




Pair biopsies- before and after treatment

Placebo 36 months PROTELOS 36 months

Thickness of cortical bone + 18 % p=0,008

Number of trabeculae + 14 % p=0,05




4 t.

8 t.

Histology




Trabecular bone Cortical bone

Povrch kosti
Mineralizovany povrch
Erodovany povrch
Tloustka trabekul

Konektivita tramcu
Trabekularni objem
Kortikalni tloustka



v Det wD |
SE 157 UM

SEM: canaliculi between osteocytes



FEA- finite element analysis

Trabecular bone (upto 82 um)

Healthy bone Osteoporotic bone

Plates



Raman microspectroscopy
- cortical porosity

Increases after 40 years of age
- begins with resorption around Havers canal

; Polarization
direction

Raman microspectroscopy



2. Frailty syndrom

1. Loss of weight 4-5 kg/year

2. Exhaustion

3. Muscle weakness / handgrip more than 20 %
4. Lower velocity of gait less than 20 %
5. Lower physical activity less than 20 %



Frailty syndrom

Subclinicaly
Early frail
Late frail

Endstage frailty syndrom: terminal geriatric deterioration



Frailty syndrom

Disposition to falls

Disposition to organ decompensation
Worsening of cognitive functions
Need for help in daily activities
Sarcopenia

Osteoporosis

Low level of vitamin D



Occurence

Advanced age
7 % persons over 65 years
25 % persons over 75 years

Loss of muscle power 20 % in 65-70 years
Loss of muscle power 60 % in 80 years

Cause: longlasting deficiency of vitamin D



Risk factors of frailty syndrom

Cardiovascular disease
Diabetes mellitus
Atherosclerosis

Renal failure
Neurologic disorders
Obesity

Hormonal dysfunction
Hypovitaminosis D



Prevention and treatment of frailty syndrom

Frailty syndrom is reversible

Nutrition and proteins 1,3 g/kg/day
Vit D 800 IU/day till 2000 [U/day
Vigantol 1 drop = 500 |U, alpha kalcidol 1 ug

Strengthening of muscles, exercise, walking
Strengthtening of stability, prevention of falls
Prevention of atherosclerosis

Management of other comorbidities
Aleviating of pain

Stop walking when talking



3. Sarcopenia

Loss of muscle substance more than 20-30 %

Dysbalance between synthesis and degradation of muscles
(myostatin, glucorticoids, sexual hormons, insulin, IGF-| )

Osteopenia

Sedentary way of life



Sarcopenia

Muscle densitometry: below 2 SD — man under 7,26 kg/m2
- woman under 5,45 kg/m2

MRI

Hand grip- dynamometr
Flexion- extension of the knee
Maximal forced breathing out
Velocity of gait

Test of balance

Get up and go test

Walking on stairs



Consequenses of sarcopenia

Lower physical activity (myosteatosis, sarkopenic obesity)
Sarcoporosis
Higher risk of falls

Risk factors for developing of sarcopenia:
Parkinson sy, multiple sclerosis, CVA, catarracta



Medication

Vit D 800 IU/day till 2000 [U/day
Vigantol 1 drop= 500 |U
Alpha kalcidol 1 pg

Testosteron
Ghrelin

GH secretogoga
Estrogens
Leptin



4. Management

Farmacotherapy of osteoporosis
diminishes risk of fragility fractures
only 20-50 %

+ frailty syndrom

+ sarcopenia

+ osteoarthrosis

+ other comorbidities
+ prevention of falls




Medication

Bisphosphonates:  ;
Alendronate (Fosave % 4& f | Yo
Risedronate (Actone g &,ﬁtgﬂﬁq ;*
Ibandronate (Bonvivissmmmmmse
Zolendronate (Aclas1 R e

: e i S R
Denosumab (Prolia) ..
Stroncium ranelate (|STEESSSSResy
Parathormon, teriparatid



Protection to prevent vertebral

15 20
Absolute risk 12 -
reduction for
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Ringe JD, et al. Rheumat Int. 2010;30(7):863-869
Cummings SR et al. N Eng J Med. 2009;361(8):756-765
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NNT: Number of patients Needed to be Treated



Comparison of antifracture efficacy

, a a e - - | a
Study Fracture incidence (%) RRR (%) ARR (%)
r—— L

Alendronate FIT1
Risedronate VERT-NA
Risedronate VERT-MN
Ibandronate BONE
Zoledronic acid HORIZON
Denosumab FREEDOM
Raloxifene MORE
Lasofoxifene ° PEARL
Bazedoxifene No acronym
Teriparatide FPT

Strontium ranelate SOTI

ARR= absolute risk reduction; NNT= number needed to treat (to prevent one event over 3 years);
NS = not statistically significant; RRR= relative risk reduction. Reginster JY et al. Drugs 2011; 71(1):65-78




Protection to prevent hip
fractures

Corresponding NNT
91 91 NA 91 NA 334 48

Absolute risk
reduction 2.1

2_

for

1,5 -
1

Ringe JD, et al. Rheumatol Int. 2010;30(7):863-869 NNT: Number of patients needed to be treated
Cummings SR et al. N Eng J Med. 2009;361(8):756-765 NA: no evidence available



Comparison of antifracture efficacy
Hip fracture

Treatment Study Fracture incidence (%) RRR (%) ARR (%) NNT

placebo treatment

Alendronate FIT1

Risedronate HIP

Zoledronic acid HORIZON

Denosumab FREEDOM
Lasofoxifene? PEARL

Strontium ranelate TROPOS

a Data over 5 years.

ARR= absolute risk reduction; NNT= number needed to treat (to prevent one event over 3 years);

NS = not statistically significant; RRR= relative risk reduction. Reginster JY et al. Drugs 2011; 71(1):65-78



New agents
Monoclonal sclerostin antibodies

Romosozumab
Blosozumab

Osteoformative effect
Sclerostin — inhibitor of osteoblasts

production from osteocytes
stimulates bone resorption vie






