DEXA
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Osteoporosis

Osteoporosis=decreased bone mass

Osteomalacia=decreased bone
mineralization
Etiology andndication for BMD
i Caucasiamomenx c p € 2
I Postmenopause (decreased estrogen)
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Hyperthyroidism
Primary HPT
Risk of vertebral and hip fx significantly
increases when BMD <1g/ém
i {F ONJ f

1300

1200

1100

1000

200

200 -

TO0 -

&o0

AYAadzZFFAOASY Ce

I Vertebral compression fxs (can be multiple w/

varying stages of healing)
Xray=DEXA (dual xray absorptiometry)
I Scan time min
NM=DPA (dual photon absorptiometry)
I Scan time 2€10min
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Bone Mineral Density Decreases at Menopause

A
peak bone density
mMenopause
Bone puberty osteopenia
Mineral osteoporosis
Density




Why should we care about bone density?

A Osteoporosis isommort
I Each year ~2million American suffer from fragility fx
I Fragility fx in 1 out of every 2 elderly white women in their lifetime

A Osteoporosis iserious osteoporotic fx cause increased
morbidity and mortality
I 20% of patients with hip fx die in thé!Year after fx
i High associated medical cost (in 2005, estimated cost $19billion in US

A Osteoporosis isinderdiagnosed

A Osteoporosis isasy to diagnoseDEXA is gold standard and
widely available

A Effective txare available: can reduce fx risk by about 50%



Annual fractures 1.5 Million

Vertebrate fracture
300,000 - other

Bone Health and
Osteoporosis:

A Report of the Surgeon
General (2004)

Hip fracture
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Patient prep prior to DEXA (ISCD

A No calcium supplements 24hr prior to exam (nasal calcium
spray ok)

A No oral/rectal contrast (gastrografin/gastroview/barium) 7d
before exam

A No NM study 7d before exam



Questionnaire
A D"EMOGRAPHICS AR Ethnicity

Steroids (how long?)
Thyroid meds (how long?)

[
i Age (DOB) i Oral steroids (how long?)
T Gender T Thyroid meds (how long?)
.. . . T Hypo/Hyperthyroidism
2
! Ethn|C|ty_. . . i Hx of fx (how long ago?)
(Caucasian/AA/Asian/Hisp/Other) i Smoking hx
T Wt i Family hx of osteoporosis? Who?
i Ht A PMH
. i Severe back/hip arthritis
I R/L headed I Scoliosis/Kyphosis of back
I Recent oral/rectal contrast or NM study in i Joint replacement (hip/back?)
past 7d i Hx of CA (type?)
i Prior DEXA (when and where?) A M'eds Hypo/Hyperthyroidism
A MALE i Estrogen
I Prostatectomy? When? i Testosterone
i Testosterone def? How long? I Tamoxifen
A FEMALE I Calcium
i VitD
I Pregnancy i Fosamax (alendronatepisphosphonate
i Natural menopause (what age?) : (E:\‘;';';O”'”
I Estrogen therapy? i Ralaxifen
I Hysterectomy? Oopherectomy? i Didronel
'
'



Table 8, Calcium content of some foods

Food Portion Calcium (mg)
Cheddar cheese 100 g 800
Cottage cheese 100 g 60
Milk, semi-skimmed 300 mi 663
Milk, full cream 500 ml 638
Butter 100 g 15
Yoghurt 125 g 225
Milk chocolate 100 g 220
Muesli 55 g 110
White bread I slice 55
Wholemeal bread 1 slice 13
Canned sardines in oil 100 g 550
Canned pilchards in oil 100 g 300
Haddock 100 g 55
Broccoli 100 g 100
Spring greens 100 g 86
Baked beans 100 g 45
Spinach 100 g 130
Dried figs 100 g 280




Fable 3. Problems in the interpretation of bone mineral measurements

Osteomalacia

Osteoarthritis (especially the spine)
Vascular calcification (especially the spine)
Overlving metal objects

Contrast media (spine)

Previous gold therapy

Previous fracture (spine, hip and wnst}
Severe scoliosis

Small stature

Vertebral deformities due to osteoarthrosis. Schevermann’s disease
Inadeguate reference ranges




BMD

A Skeleton=80% cortical and 20% trabecular (cancellous) bone

A Trabecular turnover is 8x that of cortical bone, thus more
sensitive indicator of bone mineral content changes

A Vertebral bone has higher trabecular bone content and is an
early site of bone loss and fracture in osteoporosis

A Peak bone mass (>95%) achieved by late teens and bypmid
late 30s bone loss begins (accelerated at menopauggce
that of agematched men)

A Avg women loses 20% of her bone mass btwn ageé35



% trabecular % cortical

Mid radius 0 100
Distal radius 75 25

PA spine 66 34

Lat Spine 100 0

Fem neck 25 75
Wardos trij0agl e 0
Trochanteric region |50 50

Os calcis 100 0




BMD

A BMD=amount of hydroxyapatite bone mineral equivalent (g)
within a ROI (cA), not a true volumetric density (g/ct) and not
corrected for depth

A BMD is a continuous variable
A Mean values decline with age
A SD are about 10% about the mean values

A Osteoporosis=skeletal fragility due to low bone mass,
microarchitectural deterioration of bone tissue or both

A Fragility is not measurable but bone mass is
A Low bone mass predicts future fx risk in asymptomatic pts

A BMD at a particular site (eg hip) only measures fx risk at that
particular site (eg hip fx)



DEXA

A Since 1987
A Gold standard for BMD

A Photons at 2 different discreet energies (usually 70 and 140keV)
produced by ay tube

A Xray transmission thru any physical object can be decomposed intc
equivalent areal densities (g/cm2) of any 2 chosen reference
material (tbone and SA)provided that the object is composed
solely of these 2 reference materials, the computed areal densities
will accurately reflect true densities

A Lower ener?y photon is attenuated (bone>ST) more than higher
energy photon in both (bone=ST)

A The differential in attenuation is more significant in bone

A The difference is used to calculate an attenuation profile of the
bony areas eliminating effects of soft tissue from the measurement

Aa! NBIFfté¢ RSyaAade Aa NBLR2NISR . a
A T and Z scores are derived as number of SD from expected value



Body composition

Soft Tissue
Pixels Bone Pixels
(No Bone) (Bone + Soft Tissue)
f 1 f
Fat Fat
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Body Water Soft
. Tissue
Weight l Lean
Soft
Proteins Tissue
Glycogen 1
Non-Bone Mineral \ 4
Bone Mineral Bone Mineral

v .




DEXA

A Intensity of exit beam is indirectly proportional to density of bone
being traversed

A Beam with 2 discrete energy to measure density of bone and
account for ST attenuation

A Volumetric density measurement (cortex + marrow) in ¢ggcm
A.al!5 o0.a aF LI NBSyadé¢ 5Syariteo 7
A Quantitative CT (measures marrow only) has higher radiation dose
A Central
I PA L34 (all vert bodies should b&/in 1.0 SD of adjacent
i¢c201lf KALI FYR CSY2NJIft ySO]l 0c¢
should not intersect low into the lateral diaphyseal cortex; neck
and trochanter should be w/in 1.0 SD of total)

A PeripheratDistal forearm and Calcaneus




DEXA

Radiation exposure

+ Central DXA 1-5 uSv per exam
+ Background 5-8 uSv per day
« LA-NY trip 60 pSv per return flight

- Detector (detects 2 tissue types - bone and soft fissue)

Very low radiation to patient.

- _ Very little scatter radiation to
Patient  |technologist

-+ Collimator
' {pinhole for pencil beam, siit for fan beam)

Photons™, ®

X-ray Source
(oroduces 2 phofon energies with different altenvation profiles)



2 KI'  Qa az

A Short scan time @0min)

A Easy set up

A Low radiation dose

A Good measurement precision
A Reliable reference range

A Effective in therapy monitoring

32 2R



Support for DEXA

A SOF (study of osteoporotic fractures) 1980s
I 9704 white US women of ages 65 or above
I 10 year f/lu

I Confirmed assoc btwn BMD and fracture risk with
high statistical reliability

I Prediction of hip fx risk from hip BMD was most
accurate(largest relativeisk RR value)



2 Kl 6 Qa U4KS 59 .

A DEXA is a 2D image of bone, hence, bone size can affect are
density (this is particularly important in pediatric DEXA)

A Assumption is there are 2 densities: bone and ST, but what
about fat
I Bone has high atomic numbers from Ca (Z=20) and P (Z=15)
I ST has lower atomic numbers from C (Z=6), N (Z=7), and O (Z=8)

I Fat is composed of repeated methylene uniSH2) which is similar to
ST



DEXA errors

A Precision
I aka reproducibility
I Precision is expressed in terms of CCA&ff of
variance) and is ~1.5% for spine/total hip and-2.0

2.5% for femoral neck

A Accuracy
I Especially an issue in spine because body is compose

of 3 tissue types (bone, ST, and fat) and not just 2
I Accuracy error is-3% (results in-§core errors of ~
+/-0.5)



3 reasons to do DEXA?

A Diagnose osteoporosis
A Predict fracture risk
A Monitor therapy



To To Do To Do Iw

Indications (ISCD 2013)

Women aged 65 and older

For postmenopausal women younger than age 65, a bone density test is indicated if they have a risk factor for low bonelmass
as

T Low body weight

T Prior fracture

i High risk medication use

T Disease or condition associated with bone loss

Women during the menopausal transition with clinical risk factors for fracture, such as low body weight, prior fractig;rtkh
medication use.

Men aged 70 and older.
For men < 70 years of age, a bone density test is indicated if they have a risk factor for low bone mass such as
T Low body weight
i Prior fracture
i High risk medication use
i Disease or condition associated with bone loss

Adults with a fragility fracture.

Adults with a disease or condition associated with low bone mass or bone loss.
Adults taking medications associated with low bone mass or bone loss.

Anyone being considered for pharmacologic therapy.

Anyone being treated, to monitor treatment effect.

Anyone not receiving therapy in whom evidence of bone loss would lead to treatment.



Common secondary causes
of bone loss

Hypogonadism

Primary hyperparathyroidism
Thyrotoxicosis

Hypercortisolism

Vitamin D deficiency
Malignancy

Malabsorption

Renal disease

Liver disease

Drugs (e.g., glucocorticoids, long-term
anticonvulsants, chemotherapy)



When to Consider Secondary

Cause of Osteoporosis

m [Low Z score (£ 2)

m Fractures while on therapy

m Decreasing bone density on therapy

m Patient with multiple fragility fractures

m Fragility fractures occurring at a young age




Medical Conditions Associated with Osteoporosis

Glucocorticoid-induced
osteoporosis

Hyperthyroidism
Hypogonadism
Hyperparathyroidism
Diabetes mellitus

Growth hormone deficiency
and acromegaly

Gastrointestinal, hepatic and
hutritional disorders

Celiac disease
Inflammatory bowel disease
Gastric bypass surgery
Anorexia nervosa

Hemochromatosis and chronic
liver diseases

Alcoholism

Hematological disorders

Monoclonal gammopathy of
uncertain significance

Multiple myeloma
Systemic mastocytosis
Beta thalassemia major
Renal disorders
Idiopathic hypercalciuria
Renal tubular acidosis
Chronic kidney disease
Autoimmune disorders
Rheumatoid arthritis
Systemic lupus erythematosus
Ankylosing spondylitis
Multiple sclerosis
Previous chemotherapy

European Journal of Endocrinology, 2015. MANAGEMENT OF ENDOCRINE DISEASE



Secondary causes Iin postmenopausal
women with osteoporosis

[Lab Test Incidence |Additional Findings

Vitamin D 25 (<30ng/ml) 82%% More highly associated with
vertebral fractures 1f
vitamin D < 20ng/ml

PTH (> 65pg / ml) Related to age and femoral
Z. score less than —2.0

Hypercalciuria
(>250 mg/24 hr)

Urine NTX Higher NTX associated

(>65nmol / mmol) with lower lumber T and Z
| | scores

204 postmenopausal women with osteoporosis; Menopause. 2009 Jul 9. Search for hidden secondary causes in

postmenopausal women with osteoporosis., Cerds Gabaroi D .IDIBAPS, Hospital Clinic, University of Barcelona,
Barcelona, Spain




Primary Hyperparathyroidism
Management

m Localization
s Parathyroid scan (sestamubi), UTS, CT scan
m  Surgery
m Refer to surgery if symptomatic or meets surgical criteria:

m Age < 50, DStEDPDIDSlS on DXA or vert. fracture, Cr Cl < 60, calcium
more thaﬂ 1 pcnmt above upper normal limit, urine ca > 400, presence
of renal stone on 1maging

s Removal for single adenoma, monitor yearly afterwards

m 3 and Y2 gland removal in hyperplasia, monitor yearly afterwards
m  Monitoring without surgery

s Elderly, poor surgical candidate

= Bisphosphonate can improve BMD, no effect on ca/pth

= Monitor BMD q 1-2 years(3 sites), calcitum, creatinine annually
m Sensipar (cinacalcet)

s For poor surgical candidates to target calcium

Guidelines for the Management of Asymptomatic Pnmary Hyperparathyroidism: Summary Statement from the Fourth
International Workshop. John P BilezikianVolume 99 Issue 10 2014




High Calcium

l

Check labs

PTH,
/

ca, albumin (ionized ca) \

ngh U ™~ DXA (appendicular, axial) Low PTH
| }
Check urinary calcium Labs:
l l Alk phos, PTHRP, vitamin D
High urine ca Low urine ca 25, vitamin D 1-25, vitamin A,

l

IGF-1, am cortisol, ACE, CXR,
SPEP/UPEP, bone scan, CT

Surgical Criteria:
Calcium > 1 point above upper normal
Age <50
CrCl <60
24 hr urine ca > 400

Osteoporosis on DXA or vert. fracture

Medications:
HCTZ, calcium

Immobilized

FHH




PARATHYROID BONE  Releases calcium &

GLANDS . phosphorus

"
\ Increased
Blood Calcium

APTH
SKIN
. . 1 alpha Y
VltaTm D hydroxylase 2@
Q_" 25.0H-D— ——» Calcitriol ——»
KIDNEYS INTESTINE

(1,25(0H),) SMALL
L R “increase calcitriol formation Incr_ea.ses ab sorplion of
dietary calcium &

“decyease excretion of calciurm
“increase excretion of phosphorus phosphorus

Sense low

blood calcium

& increase PTH
secretion




Table 4. Clinical risk factors providing indications for the diagnostic
use of bone densitometry

1. Presence of strong risk factors.

Oestrogen deficiency
Premature menopause (<43 years)
Prolonged secondary amenorrhoea (>1 year)
Primary hypogonadism

Corticosteroid therapy (>7.5 mg/day for 1 vear or more)

Maternal family history of hip fracmre

Low body mass index (<19 kg/m?)

Other disorders associated with osteoparosis
Anorexia nervosa
Malabsorption
Primary hyperparathyroidism
Post-transplantation
Chronic renal failure
Hyperthyroidism
Prolonged immobilization
Cushing’s syndrome

2. Radiographic evidence of osteopenia and/or vertebral deformity
3. Previous fragility fracture, particularly of the hip, spine or wrist
4. Loss of height, thoracic kyphosis




Who should be assessed
for osteoporosis*?

Major risk factors

* Age 65 or older

* Vertebral compression fracture

* Fragility fracture after age 40**

* Family history of osteoporotic fracture
(especially maternal hip fracture)

* Systemic glucocorticoid therapy of at least
3 months duration

Malabsorption syndrome

Primary hyperparathyroidism

Propensity to fall

* Appearance of osteopenia on radiograph
Hypogonadism

Early menopause (before age 45)

Minor risk factors

* Rheumatoid arthritis

* History of clinical hyperthyroidism
Long-term anticonvulsant therapy
Weight loss greater than 10% of weight
at age 25

Weight less than 57 kg

Smoking

Excess alcohol intake

Excess caffeine consumption
Low dietary calcium intake
Long-term heparin therapy

Contraindications for bone densitometry

* Pregnancy

* Recent gastrointestinal contrast studies and
nuclear medicine tests (suggested wait of ot least
72 hours before a central bone densitometry scan,
or 7 days for long-lived isotopes such as gallium)



KP guidelines
for DXA



