"\
W/

(C) www.targetortho.co

OSTEOPOROSIS



Constituents of bone

* INOrganic-65% wp | -

* Organic-25%

e Water -10%
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Hydroxyapatite
CaPo4
Ca citrate

Fluoride,
Na,Mg,K

e Cells -4%
e Matrix-21%
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Bone Mineral Density

» Defined as the amount of mineral matter (calcium) present per square

centimetre of bone
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How to measure your -Bone Mineral

Density?

DXA (DEXA) Scan

Dual Energy X-ray Absorptiometry

U

"\

\J Wigaguras the amount of X-rays that have passed through your body.
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T-Score | Z-Score

Compares your results to a Compares your results to a person of
healthy young adult age 20-35, the same gender and age as yourself.

The difference between your measurement and that of
a young healthy adult - T score.

The difference between your measurement and that of
someone of the same age - Z score.
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WHO Classification of BMD
using (DEXA) scan

Normal JEFSSRE

Osteopenia

resents the number.f SR a patient is above or
mean BMD of a young adult.




Osteoporosis

T score <-2.5

eZ score is below -2
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* Female sex * Smoking
 Advanced age * Alcholism
* Low body wt.
 Low Ca diet
* Estrogen defeciency
e Lack of physical activity

O 0ORTHO
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* Primary

e Secondary

* Prima 'Y (Riggs & Melton(1988))
* Typel
* Type2

O ORTHO

(C) www.targetortho.com



O oRTHO

(C) www.targetortho.com




ORTHO

(C) www.targetortho.com




O oRTHO

(C) www.targetortho.com










ORTHO

(C) www.targetortho.com




ORTHO

(C) www.targetortho.com




O ORTHO

(C) www.targetortho.com




ORTHO

(C) www.targetortho.com




O ORTHO

(C) www.targetortho.com



O oRTHO

(C) www.targetortho.com




ORTHO

(C) www.targetortho.com




ORTHO

(C) www.targetortho.com




O 0RTHO

(C) www.targeto



ORTHO

(C) www.targetortho.com




Total Body Bone Density Total Body: Total (BMD)

BMD (g/cm’) YA T-score
1.282
11817
1.081 f&
0.980
0.879
0778
0.677
0.576 -
20 30 40 50 60 70 80 90 100
Age (years)
USA (Combined NHANES/Lunar)
Densitometry: USA (Combined NHANES/Lunar) (Enhanced Analysis)
BMD YA AM
Region (g/em?) T-score Z-score
Head 2223 - -
Arms 0.830 - -
Legs 1.057 - -
Trunk 0.880 - -
Ribs 0.708 - -
Spine 0971 - -
Pelvis 0.970 - -
. Total 1.096 0.2 0.2
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* Vertebral fracture assessment

* Scan entire DL spine for assessing vertebral
heights

e Densitometric lateral imaging of spine

* Permits evaluation of spine fractures without a
lateral x ray
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* Anterior, middle & posterior vertebral body
dimensions of D4 to L4

* Diaghose pattern of vertebral fractures

* Pts who were classified as osteopenic /
Normal based on T score > -2.5 were
diagnosed as osteoporotic because of
fractures.

TARGET
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HR-pQCT Radius Tibia

% (normalized to age- and sex-specific

reference values)
Tt.BMD 60.70 95.97
Tb.N 73.55 86 41
Tb.Sp 144.49 120.88
Tb.Th 8294 86.37
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Radiation

-+

44

-+

TABLE 1. Imaging of spine for detection of VFs
Imaging method Resolution
X-ray +H+
CT +++
MRI +++
Nuclear scan +
VFA ++
+++, High; ++, medium; +, low; 0, none.

Availability

-

4+

Convenience

++

+++

Cost

++

s

—+-

-
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* Gray level textural index

* Obtained from L spine DXA images
* Using a dedicated software
e To assess vertebral trabecular microstructure

e TBS has no unit
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TBS : Trabecular Bone Score

Texture parameter that is correlated to bone microarchitecture

Bone Mineral Density images TBS mapping and associated values

Good microarchitecture TBS L1-14: 1.457
Homogeneous '

- Quantification of the texture using a modified experimental variogram
Identical BMD approach

Poor microarchitecture TBS L1-14:1.132

Heteroleneous

'\
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* High TBS — normal bone

* Low — osteoporotic

* reported for each vertebra as well as for total spine
* Fractured or abnormal vertebrae are excluded

* Both prevalent and incident fragility fractures in
postmenopausal women- low TBS

7\
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Use of DXA in monitoring treatment

 Correlation b/w change in BMD with therapy &
reduction of fracture risk

* Drugs [ reduce fracture risk, but not increase the
bone density

e Women >65 would continue to loose bone if untreated

e A stable BMD on treatment= successful treatment
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Quantitative ultra sound

e Broadband US attenuation

* Measure the calcaneum as it is a site with high
metabolic turnover

* |Low cost

* |n children with risk of osteoporosis
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Position of

transducer('l'x)

PootPositioner |
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* Biplane X ray imaging

system

* Predicts bone strength

* Assess 3D geometry &
MD with a single low
ose X ray device

O ORTHO
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Bone mineral density assessment using the EOS
low-dose X-ray device: a feasibility study

E Sapin'
‘Laborat
aritDescartes Universily, Cochin Hospital, Rheumatolgy Depirtmy

Tt samiscript sy receiveed o0 1§ May 2008 and wos acix

DOL 10,1 233/09544 1 19 EIM450
Abstract:  To ot bone strength in the case of osteoporosis, it could be a real benefit ©
assess the thres-dimensional (3D) geomety & he bone mineral densicy (BMD) with a single
low-dose X-ray device, such o EOS system (Biospace Mod, Paris, France). EOS 3D
reconstrictions of the spine have already been validated. Thus, this study aims at evaiuating
the accuracy of this Jow-dose system as a densitometer first ex rivo
The Furopean Spine Phantom [ESP) (number 129) was scanned ten times using both 1he EOS
and a Hologic device (Hologic, Inc., Massachusetts, USA), Accuracy was given by the sum of the
systematic error (difference betveen BMDs assessed and true values given by the phantom
manufacturer! and the random error (cocfficient of variatian), EOS BMDs and Hologic BMDs of
11 ex-vivn vertebrae were calculsted and compared. The reprmducibility of the method
evaluuting the EOS BMD was assessed giving the coefficlent of variation of tuee measutemnents
of the 41 vertebrac
Ihe accuracy of the EOS system is below 5.2 per cent, versus 7.2 per cent for the Hologic system
in the same conditions. EOS BMDs ane significantly highor than Hologic BMDs, but they are
stongly correlated. The reproducibility of the method of assessment is equal 1o 0.95 per cent
The EOS system is accurate for ex-iivo BMD assessments, which is promising regarding the
use of this new system to predict vertebral strength
Keywords: blomechanics, vertebra, osteoporosis, bone mineral density, bone strength
prediction
1 INTRODUCTION efficiency [3-6]. Recently, mechanical appraaches
based on finkte element (FE) models have been
Osteoporosis was defined in the past by low bone proposed 1o predict strength of esteoporotic vertel
mass and micro-architectural deterioration of bone rae or effects of verehral tumours |7-12. Ta be
tissue, resulting in an increase in skeletal fragilicy accurate, the FE models should integrate the real 3D
and tracture susceptibility (1], A low bone mineral geometry of the vertebra and subject-specific me
density (BMD) daes not ahways explain prevalent  chanical properties such as Young's modulus. The
venebral fracwure, suguesting that other parameters mechanical properties are assessed as o result of
have w be taken it sccount. Thus, a new definition relationships with BMD. Voxel-based FE models well
of Wporosis was proposed recently, on the basis predict vertebral strength ex v (1 between 0.79
of the global nation of “hone strength’ (2], Math and 0.94) |7-9, 11). Unfoctunatedy, they are based on

matical models combining throe-
geometrical parumeters with BMD b
the past to predict the bone strength with a lmired i pive for patients’ follow

*Carrespanding autkor- Lahoratnire de

K Hriot”, § Kolta', P Graved', W Skalll', € Roux’, and D Mitton'
re de Blomecanique, LBM, Arts et Metler ParisToch, CNRS, P

emensional (3D]  quanti
vebeenusedin  tions and carnot be used to an
P bee

anse of the

radiation dose. Thus, spe

Teck, (NS Piri emilismpin@  imaging device (Biospace Med, Park, France]

Franor el

e computed mography (QCT] acquisi
Jyse: the whole spine

high

attention should be
ampcanriqne, LM Arrs paid to low-dose X-ray devices, such as the EOS*

This

system takes simulianeously two  perpendicular

TN & IMechE 2008 Proc, IMechEs Vol 222 Part 11 1, Enginevciig in Medicine



Bone turnover markers

* Analyze the collagen degradation products
» Reflecting the osteoclastic activity

* Collagen or non collagenous proteins

* Bone specific ALP ( TAP & BAP)

* Osteocalcin

* PINP/PICP

* Elevated — predicts accelerated bone loss
£\
\/
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e Studies on mi RNA

* Small noncoding circulating RNA s
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NON-pharmacological measures




Nutritional Recommendations

TABLE 3: Recommended dietary allowance (RDA) of calcium for

Indians”*

Group Calcium (mg/day)
Adult women 600

Pregnant women 1,200

Lactating women 1,200
Postmenopausal women 800

Men 600

Optimal calcium intake reduces
bone loss and suppresses bone
turnover.

O ORTHO
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TABLE 4: Recommended dietary allowance (RDA) of vitamin D"
Group

Adults (18 years and above)

Pregnant and lactating
women

Children and adults at risk"

RDA(IU)
1,500-2,000 10,000
1,500-2,000 10,000

2-3 times the normal
requirement for their age

"At risk = Obesity, HIV, on glucocorticoid, anticonvulsant, antifungal and

antiviral therapy

Upper fimit



Pharmacologic treatment
of osteoporosis
iIndications

* Presenting with typical osteoporosis related fractures
(certainly hip and spine), in the setting of a BMD in the
low bone mass or osteoporosis range

e BMD T-Score is S-2.5,

* |n postmenopausal women with fracture or multiple
risk factors even if BMD is not in the osteoporosis
range

O\
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Pharmacologic Treatment Of
Osteoporosis

* Antiresorptive Agents
 Hormone/estrogen therapy
» Selective estrogen receptor modulators (SERMS)

» Specific for the treatment of osteoporosis (bisphosphonates,
denosumab, and calcitonin)

* Anabolic Agents

* Teriparatide

™\

7 . Avaloparatide and Romosozumab
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Bisphosphonates

* Bisphosphonates specifically impair osteoclast function
and reduce osteoclast number, by inducing apoptosis.

* Alendronate, risedronate, ibandronate, and zoledronic acid
- postmenopausal osteoporosis

 Alendronate, risedronate, and zoledronic acid -
steroid-induced osteoporosis

* risedronate and zoledronic acid for prevention of
steroid-induced osteoporosis

,\Aiendronate, risedronate, and zoledronic acid for
\ st eatment cf osteoporosis in men.

(Cywww.targetortho.com



Effects of Bisphosphonates on Osteoclast Function

Osteoclast Following Uplake

O ORTHO
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e Alendronate
e Decreases bone turnover

* Increases bone mass in the spine by up to 8% and by
6% in the hip

70 mg weekly or 10 mg daily

Reduced vertebral fracture risk by about 50%,

Multiple vertebral fractures by up to 90%,

,-\ Hip fractures by up to 50%.

&
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Risedronate also reduces bone turnover and increases bone
mass

40-50% reduction in vertebral fracture ,a 40% reduction in
clinical non-spine fractures

35 mg of risedronate once weekly is therapeutically equivalent
to 5 mg/d.

Ibandronate (2.5 mg/d)(150mg/month) reduce vertebral
fracture risk by ~40% but

Zoledronic acid is a potent bisphosphonate with a unique
administration regimen (5 mg by 15 min IV infusion annually)

zoledronic acid reduced the risk of vertebral fractures by 70%,
nonvertebral fractures by 25%, and hip fractures by 40%

(C) www.targetortho.com



Common Bisphosphonate Adverse
Events

* Musculoskeletal and joint pains

* Renal toxicity and bisphosphonates are contraindicated in
those with estimated GFR <30-35 mL/min

* Hypocalcemia can occur
e Osteonecrosis of the jaw (ONJ)

* Atypical femoral fracture - unusual fractures that occur in the
subtrochanteric femoral region or across the femoral shaft
diStal tO the |esser trOChanter. (preceded by pain in the lateral thigh or groin, that can be

, \ nresani. for weeks, months or even years before the fracture. )

\/
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Alendronate Zoledronc acid Ibandronate

REDUCED 50% 70% ~40% 40-50%
VERTIBRAL
FRACTURE BY

HIP FRACTURE BY 50%. 40% no overall 40%
effect

O 0RTHO
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Calcitonin

* Approved by the FDA for Paget’s disease, hypercalcemia,
and osteoporosis in women >5 years past menopause.

e Calcitonin suppresses osteoclast activity by direct action
on the osteoclast calcitonin receptor

* A nasal spray containing calcitonin (200 IU/d) for
treatment of osteoporosis

* |njectable calcitonin produces small increments in bone

7 \mass of the lumbar spine
\/
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Osteoclast Inhibition
OPG

Osteoclast Stimulation

W/ RANK N4
Y Denosumab
J Aptamer
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|
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Denosumab

* Human monoclonal antibody to RANKL

* Denosumab binds to RANKL, inhibiting its ability
to initiate formation of mature osteoclasts from
osteoclast precursors and to bring mature

osteoclasts to the bone surface and initiate bone
resorption.

* Plays a role in reducing the survival of the
,.\osteoclast
\/
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Denosumab

e given twice a year 60 mg s/c
* shown to increase BMD in the spine, hip, and forearm

* reduce vertebral, hip, and nonvertebral fractures by 70, 40, and
20%, respectively

< Denosumab is approved for the treatment of
e osteoporosis in men at high risk for fracture,

e women with breast cancer on aromatase inhibitors

* men with prostate cancer on androgen deprivation treatment

7\
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Denosumab

* Increase the risk of ONJ and atypical femur #

e Cause hypersensitivity reactions, hypocalcemia and
skin reactions including dermatitis, rash, and eczema

** Discontinued, there is a rebound increase in bone
turnover and acceleration of bone loss

{

rapid increase in the risk of fracture,
particularly vertebral fracture

7\
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Drug holiday

* A drug “holiday” 1s not recommended with
denosumab.

* For oral bisphosphonates ““ bisphosphonate
holiday * after 5 ys

For 1iv bp holiday after 3 years

- Alendronate |Zoledronc acid

HOLIDAYS 3-5YRS 3-6YS 1-2YRS

G TARGET
D@Mgtide may be used 1n this time
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* Risk is high

* Bone biopsy prior to treatment

* To differtiate bone turnover rates

e Serum PTH & ALP levels as proxy markers
* Denozumab safe coz not excreted renally

O 0ORTHO
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Denaxa
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SERMs (Selective estrogen receptor
modulators )

% raloxifene

e for the prevention and treatment of osteoporosis as well
as the prevention of breast cancer

0 tamoxifen for prevention and treatment of breast
cancer

< Bazedoxifene

* in combination with conjugated estrogen for treatment
of menopausal symptoms and prevention of bone loss

™\
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Mode of Action of SERMs

e All SERMs bind to the ER

* In contrast to tamoxifen, raloxifene is not
associated with an increase in the risk of uterine
cancer or benign uterine disease.

7\
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Estrogens

reduce bone turnover, prevent bone loss, and induce
small increases in bone mass of the spine, hip, and total
body

50% reduction, on average, of osteoporosis related
fractures, including hip fractures.

estrogen effects on bone resorption are mediated
indirectly through paracrine factors produced by
osteoblasts.

(1) increasing OPG production by osteoblasts
(2) Increasing IGF-I and TGF-[3

(3) suppressing IL-1 (a and (38), IL-6, TNF-a, and
osteocalcin synthesis.
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Risks Benefits Neutral

| |
60 | '

| l 7,
. 50 Additional events i E
; % 7 g 8 18 | |
g5 40 | I
f.’g | Reduced |
g; 30+ Buaal
28 6 5 |
2g Ar | i

o I b

10 | '
| |
| |

CHD Stroke Breast VTE Colorectal Hip Endometrial Deaths
cancer cancer fracture cancer

FIGURE 404-8 Effects of hormone therapy on event rates: green, placeho;
purple, estrogen and progestin. CHD, coronary heart disease; VTE, venous
thromboembolic events. (Adapted from Women’s Health Initiative. WHI HRT Update.
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relative risks :

increased risk of fatal and
nonfatal myocardial
infarction by ~29%

a 40% increase in stroke,

a 100% increase in venous
thromboembolic disease,
and a 26% increase in risk
of breast cancer



Anabolic Agents
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Parathyroid Hormone

eresponsible for calcium homeostasis
echronic elevation of PTH

eassociated with bone loss (particularly cortical bone),

O ORTHO
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idism is
associated
with
maintenance of
trabecular

PTH analogues could
augment trabecular
BMD

increase bone mass and
reduce fracture
occurrence




MECHANISI
M OF

ACTION
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Teriparatide
(1-34)PTH

PTH appears
to have
direct
actions on

produces a

early in
response to
PTH, before

true increase
in bone
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Abaloparatide

e A synthetic analogue of human PTH-related peptide
(PTHrP)

Binds the PTH Type 1 Receptor.
* PRODUCE MORE bone formation stimulus but

lesser bone resorption stimulus

e Vertebral fracture incidence was reduced by 86%

with abaloparatide and 80% with teriparatide
£\
W/
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* Very high risk cases

e Teriparatide — in cases of vertebral fractures for 2
yrs followed by annual zoledronate or denozumab
twice a year

e Zoledronate — hip fractures x minimum 6yrs

* Denozumab — hip & vertebral x 7 yrs f/b
zoledronate

O 0ORTHO
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e Moderate to low risk

e Zoledronate

e Alendronate

 Risedronate

e denozumab
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 Moderate to low — with prevention of vertebral only
* Teriparatide

* Denozumab

* Raloxifene

* |bandronate

* Alendronate

 Risedronate
£\
o/
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* Risk is high

* Bone biopsy prior to treatment

* To differtiate bone turnover rates

e Serum PTH & ALP levels as proxy markers
* Denozumab safe coz not excreted renally
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(C) www.targetortho.com



* Both DXA & BTM

* DXA at baseline

* Repeated after 1-2 years of initiation
* BTM after 6 mnoths of initiation

O 0ORTHO
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