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Osteoporosis

Å Osteoporosis=decreased bone mass
Å Osteomalacia=decreased bone 

mineralization
Å Etiology and indication for BMD

ï Caucasian women җсрȅƻ ŀƴŘ ƳŜƴ җтлȅƻ
ï Postmenopause (decreased estrogen)
ï Long-ǘŜǊƳ ǎǘŜǊƻƛŘǎ ŀƴŘ /ǳǎƘƛƴƎΩǎ
ï Hyperthyroidism
ï Primary HPT

Å Risk of vertebral and hip fx significantly 
increases when BMD <1g/cm2

ï {ŀŎǊŀƭ ƛƴǎǳŦŦƛŎƛŜƴŎȅ ŦȄ όάƘƻƴŘŀ ǎƛƎƴέύ
ï Vertebral compression fxs (can be multiple w/ 

varying stages of healing)

Å Xray=DEXA (dual xray absorptiometry)
ï Scan time 2-5min

Å NM=DPA (dual photon absorptiometry)
ï Scan time 20-40min





Why should we care about bone density?

ÅOsteoporosis is common: 
ïEach year ~2million American suffer from fragility fx

ïFragility fx in 1 out of every 2 elderly white women in their lifetime 

ÅOsteoporosis is serious: osteoporotic fx cause increased 
morbidity and mortality
ï20% of patients with hip fx die in the 1st year after fx

ïHigh associated medical cost (in 2005, estimated cost $19billion in US)

ÅOsteoporosis is underdiagnosed

ÅOsteoporosis is easy to diagnose: DEXA is gold standard and 
widely available

ÅEffective tx are available: can reduce fx risk by about 50%







Patient prep prior to DEXA (ISCD)

ÅNo calcium supplements 24hr prior to exam (nasal calcium 
spray ok)

ÅNo oral/rectal contrast (gastrografin/gastroview/barium) 7d 
before exam

ÅNo NM study 7d before exam



Questionnaire
Å RF

ï Ethnicity

ï Oral steroids (how long?)

ï Thyroid meds (how long?)

ï Hypo/Hyperthyroidism

ï Hx of fx (how long ago?)

ï Smoking hx

ï Family hx of osteoporosis?  Who?

Å PMH

ï Severe back/hip arthritis

ï Scoliosis/Kyphosis of back

ï Joint replacement (hip/back?)

ï Hx of CA (type?)

ï Hypo/Hyperthyroidism

Å Meds

ï Estrogen

ï Testosterone

ï Tamoxifen

ï Calcium

ï Vit D

ï Fosamax (alendronate)--bisphosphonate

ï Calcitonin

ï Evista

ï Ralaxifen

ï Didronel

ï Steroids (how long?)

ï Thyroid meds (how long?)

Å DEMOGRAPHICS

ï Age (DOB)

ï Gender

ï Ethnicity? 
(Caucasian/AA/Asian/Hisp/Other)

ï Wt

ï Ht

ï R/L headed

ï Recent oral/rectal contrast or NM study in 
past 7d

ï Prior DEXA (when and where?)

Å MALE

ï Prostatectomy? When?

ï Testosterone def?  How long?

Å FEMALE

ï Pregnancy

ï Natural menopause (what age?)

ï Estrogen therapy?

ï Hysterectomy?  Oopherectomy?







BMD

ÅSkeleton=80% cortical and 20% trabecular (cancellous) bone

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

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

ÅPeak bone mass (>95%) achieved by late teens and by mid-to-
late 30s bone loss begins (accelerated at menopauseτtwice 
that of age-matched men)

ÅAvg women loses 20% of her bone mass btwn age 35-70



% trabecular % cortical

Mid radius 0 100

Distal radius 75 25

PA spine 66 34

Lat Spine 100 0

Fem neck 25 75

Wardôs triangle100 0

Trochanteric region 50 50

Os calcis 100 0



BMD

ÅBMD=amount of hydroxyapatite bone mineral equivalent (g) 
within a ROI (cm2), not a true volumetric density (g/cm2), and not 
corrected for depth

ÅBMD is a continuous variable

ÅMean values decline with age

ÅSD are about 10% about the mean values

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

ÅFragility is not measurable but bone mass is

ÅLow bone mass predicts future fx risk in asymptomatic pts

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



DEXA

Å Since 1987
ÅGold standard for BMD
Å Photons at 2 different discreet energies (usually 70 and 140keV) 

produced by X-ray tube
Å X-ray transmission thru any physical object can be decomposed into 

equivalent areal densities (g/cm2) of any 2 chosen reference 
material (bone and ST)Ąprovided that the object is composed 
solely of these 2 reference materials, the computed areal densities 
will accurately reflect true densities

Å Lower energy photon is attenuated (bone>ST) more than higher 
energy photon in both (bone=ST)

Å The differential in attenuation is more significant in bone
Å The difference is used to calculate an attenuation profile of the 

bony areas eliminating effects of soft tissue from the measurement
Åά!ǊŜŀƭέ ŘŜƴǎƛǘȅ ƛǎ ǊŜǇƻǊǘŜŘ .a5 ƛƴ ƎκŎƳн όǇǊƛƳŀǊȅ ƳŜŀǎǳǊŜƳŜƴǘύ
Å T and Z scores are derived as number of SD from expected value



Body composition



DEXA

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

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

Å Volumetric density measurement (cortex + marrow) in g/cm2

Å.a!5 ό.a άŀǇǇŀǊŜƴǘέ 5Ŝƴǎƛǘȅύ ŦƻǊ ƪƛŘǎ ŀƴŘ ǎƘƻǊǘ ǎǘŀǘǳǊŜ όғрŦŜŜǘύ
ÅQuantitative CT (measures marrow only) has higher radiation dose
Å Central
ïPA L1-4 (all vert bodies should be w/in 1.0 SD of adjacent)
ï¢ƻǘŀƭ ƘƛǇ ŀƴŘ CŜƳƻǊŀƭ ƴŜŎƪ όǿŀǊŘΩǎ ǘǊƛŀƴƎƭŜΤ ƘƛǇ ŀȄƛǎ ƭŜƴƎǘƘ ƭƛƴŜ 

should not intersect low into the lateral diaphyseal cortex; neck 
and trochanter should be w/in 1.0 SD of total)

Å Peripheral=Distal forearm and Calcaneus



DEXA



²ƘŀǘΩǎ ǎƻ ƎƻƻŘ ŀōƻǳǘ 59·!Κ

ÅShort scan time (5-10min)

ÅEasy set up

ÅLow radiation dose

ÅGood measurement precision

ÅReliable reference range

ÅEffective in therapy monitoring



Support for DEXA

ÅSOF (study of osteoporotic fractures) 1980s

ï9704 white US women of ages 65 or above

ï10 year f/u

ïConfirmed assoc btwn BMD and fracture risk with 
high statistical reliability

ïPrediction of hip fx risk from hip BMD was most 
accurate (largest relative-risk RR value) 



²ƘŀǘΩǎ ǘƘŜ 59·! ƭƛƳƛǘŀǘƛƻƴǎΚ

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

ÅAssumption is there are 2 densities: bone and ST, but what 
about fat
ïBone has high atomic numbers from Ca (Z=20) and P (Z=15)

ïST has lower atomic numbers from C (Z=6), N (Z=7), and O (Z=8)

ïFat is composed of repeated methylene units (-CH2) which is similar to 
ST



DEXA errors

ÅPrecision
ïaka reproducibility

ïPrecision is expressed in terms of COV (coeffof 
variance) and is ~1.5% for spine/total hip and 2.0-
2.5% for femoral neck

ÅAccuracy
ïEspecially an issue in spine because body is composed 

of 3 tissue types (bone, ST, and fat) and not just 2

ïAccuracy error is 5-7% (results in T-score errors of ~ 
+/-0.5)



3 reasons to do DEXA?

ÅDiagnose osteoporosis

ÅPredict fracture risk

ÅMonitor therapy



Indications (ISCD 2013)
Å Women aged 65 and older 

Å For post-menopausal women younger than age 65, a bone density test is indicated if they have a risk factor for low bone mass such 
as

ï Low body weight 

ï Prior fracture 

ï High risk medication use 

ï Disease or condition associated with bone loss 

Å Women during the menopausal transition with clinical risk factors for fracture, such as low body weight, prior fracture, or high-risk 
medication use. 

Å Men aged 70 and older. 

Å For men < 70 years of age, a bone density test is indicated if they have a risk factor for low bone mass such as

ï Low body weight 

ï Prior fracture 

ï High risk medication use 

ï Disease or condition associated with bone loss 

Å Adults with a fragility fracture. 

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

Å Adults taking medications associated with low bone mass or bone loss. 

Å Anyone being considered for pharmacologic therapy. 

Å Anyone being treated, to monitor treatment effect. 

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





















KP guidelines 
for DXA


