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For Reference

CPT codes for DEXA

• 77085 / 77080 Axial skeleton(hips, 

pelvis, spine) including vertebral 

fracture assessment

• 77081 Peripheral DEXA forearm

• 77086 Vertebral fracture assessment-

DXA



Osteoporosis

Osteoporosis is the most common metabolic bone disorder.  

It has been defined by the National Institutes of Health as an 

age-related disorder characterized by 

decreased bone mass and increased susceptibility to fractures

in the absence of other recognizable causes of bone loss.



Osteoporosis

• Risk factors 
• may be superimposed upon either involutional or 

secondary osteoporosis, including :

• Smoking

• Alcohol

• Poor diet

• Lack of exercise

• An early menopause

• Strong family history

• Small frame 



Osteoporosis

• The normal rate of bone loss is 2% per 

year, hence 20-40% of the female 

bone mass is already lost by the age 

of 65 years of age, beginning before 

the menopause and accelerating 

during and afterwards



Osteoporosis

• Bone mass is the major determinant of 

bone strength that can be measured 

by non-invasive techniques, and 

accounts for 75-85% of this parameter



DEXA

DEXA has very high 

accuracy
(the difference in the measurement from a known standard)

and

precision 
(observed deviation of serial measurements with time)

both short and long term

to within 1% at the hip and spine



DEXA

• DEXA is at present the most precise 

measurement of BMD

• QCT is more sensitive to change



DEXA

• DEXA effective dose 1 μSv

• Fracture risk doubles with every SD 

drop in BD

• T score = Patient BMD – Young adult mean BMD

1 SD of young adult



Bone Density Clinical Information Sheet

Circle Correct Responses

Name(Label)                            Sex:    M     or     F

                               (Premenopausal)

                       F       (Perimenopausal)

                              (Postmenopausal)

On Hormone Replacement Therapy?                   N                Y

On other treatment for osteoporosis?                   N                Y      See over

Previous Surgery:              Spine?       N              Y      right

        Hips?                       N                Y    which?

       Uterus/Ovaries?         N                Y      left

Known Osteoarthritis?       N                Y

Previous Scans                          When?                                           Where?

Risk Factors

Previous Fractures                                             N                Y       Where?

Family History Osteoporosis       N  Y

Medication Steroids       N  Y

For Epilepsy       N  Y     Which drug?

For Thyroid       N                Y     Which drug?

Dietary Calcium     High Low

Cigarette Smoking       N  Y

Known Bowel Disease(diarrhoea)       N  Y      Diagnosis?

Other Medical Condition       N  Y      List

Find out as much 

relevant information 

as possible

Age

Sex

Pre or 

Peri/PostMenopausal

DEXA

Interpretation



Bone densitometry drug sheet

Drugs that may cause osteoporosis

Corticosteroids

Dilantin

Diuretics

Methotrexate

Thyroxine

Heparin

Depomedroxyprogesterone acetate

Gonadotrophin releasing hormone agonists

Cyclosporin

Drugs to treat osteoporosis

HRT:                                                               Estrogen

(SERMS):                                      Raloxifene (Evista)

Calcitonin:                          (Nasal spray)  (Miacalcin)

Bisphosphonates:                    Alendronate    (Fosamax)

Etidronate   (Didronel)

Risedronate    (Actonel)

Ibandronate

Pamidronate  (Aredia)

Others:        Combinations, Thiazides, Fluoride, PTH,

Growth Hormone, Bicarbonate, Active Vitamin D

Find out as much 

relevant information 

as possible

DEXA

Interpretation



DEXA Dictation

• In Fluency

• Templates

• Find Templates

• Owner

• Hughes, Tudor

• Modality – DEXA

• Body Part – ALL

• Insert



DEXA Dictations

• In Fluency

• Macros

• Copy 
• DEXA Bad Lx

• “In the setting of a patient with a lumbar spine that cannot be interpreted due to 
surgical or degenerative reasons, a follow up scan of the radius 33%, CPT code 
77081, is recommended in addition to the hips”

• DEXA FRAX
• 10 year probability of fracture: 

•

• Major osteoporotic: []%

•

• Hip: []% 

•

• Population: USA (Caucasian) 

•

• Based on DualFemur (left) neck BMD 



DEXA Locations

• Three locations
Phone (619 47)19240

Irina

Phone (858 24) 93759

Nancy

KOP  

Via Tazon          Phone (858 24) 94262  Edna



Bone Densitometry

DEXA spine check list

• Note the age, sex, ethnicity and weight

• Does this match the reference ranges?

• Is the bottom of L4 roughly at the level of the iliac crests.

• Are there any ribs on L1

• Scoliosis

• Are the vertebrae correctly divided

• Anything in the soft tissue



Bone Densitometry

DEXA spine check list

• Note the age, sex, ethnicity and weight

• Does this match the reference ranges?

• Is the bottom of L4 roughly at the level of the iliac crests

• Are there any ribs on L1

• Scoliosis

• Are the vertebrae correctly divided

• Anything in the soft tissue



Vertebroplasty



Calcium Tablets



Transitional vertebrae Wrong levels



Normal study



Normal study

• Spine Region of Interest (ROI)

• Use PA L1-L4 for spine BMD measurement

• Use all evaluable vertebrae and only exclude vertebrae that are affected by local 
structural change or artifact. Use three vertebrae if four cannot be used and two if 
three cannot be used

• BMD based diagnostic classification should not be made using a single vertebra.

• If only one evaluable vertebra remains after excluding other vertebrae, diagnosis 
should be based on a different valid skeletal site

• Anatomically abnormal vertebrae may be excluded from analysis if:
• They are clearly abnormal and non-assessable within the resolution of the system; or

• There is more than a 1.0 T-score difference between the vertebra in question and 
adjacent vertebrae

• When vertebrae are excluded, the BMD of the remaining vertebrae is used to 
derive the T-score

• The lateral spine should not be used for diagnosis, but may have a role in 
monitoring



Normal Study

Ancillary results

When there is a significant level to level variation in the spine select the levels with the lower reading

Must have 2 or more adjacent vertebrae, or exclude spine all together. 

Need to have less than 1SD of difference between the T scores of adjacent vertebrae.

If need to exclude spine use the macro “DEXA Bad Lx” 



Template “DEXA”



Bone Densitometry

• In preventing Fxs it is the worst scenario 
that matters.

• Generally a slight increase in density as 
descend the L spine.  

• Approx 6% increase between L1 and L4.



Bone Densitometry

DEXA spine check list

• Look for significant level to level 
variations

• 1 T-score difference between adjacent 
levels don’t include

• Use the macro “DEXA Bad Lx” 



What’s wrong with this scan?

Divisions don’t account for scoliosis



What’s wrong with this scan?

Everything



ISCD

Spine Region of Interest (ROI) 
• Use PA L1-L4 for spine BMD measurement

• Use all evaluable vertebrae and only exclude vertebrae that are affected by local 

structural change or artifact. Use three vertebrae if four cannot be used and two if three 

cannot be used

• BMD based diagnostic classification should not be made using a single vertebra.

• If only one evaluable vertebra remains after excluding other vertebrae, diagnosis should 

be based on a different valid skeletal site (Hip and or Forearm)

• Anatomically abnormal vertebrae may be excluded from analysis if: 

• They are clearly abnormal and non-assessable within the resolution of the system; or

• There is more than a 1.0 T-score difference between the vertebra in question and 

adjacent vertebrae

• When vertebrae are excluded, the BMD of the remaining vertebrae is used to derive the 

T-score

• The lateral spine should not be used for diagnosis, but may have a role in monitoring



DEXA Femur check list

Hints for a good scan.

• Patient should be straight on table.

• Pack patient with rice bags.

• Shaft of femur should be straight.

• Rotate leg inward, this will hide the lesser 
trochanter.



Normal Hip 

Use the Neck unless T-score femur total is lower than femur neck, then use total. 



Normal Hip



Template “DEXA”

Repeat contralateral side



DEXA Femur check list

Hints for a good scan.

• The Wards area is roughly half the neck area

• Trochanteric area 8-14cm2 in women, 10-16cm2 in 
men

• Check left and right and state side being used in 
report.



DEXA Femur check list

Hints for a good scan.

• The Wards area is roughly half the neck area

• Trochanteric area 8-14cm2 in women, 10-16cm2 in 
men

• Check left and right and state side being used in 
report.



DEXA Femur check list

Hints for a good scan.



What’s wrong with this scan?

Too much shaft



What’s wrong with this scan?

Insufficient tissue below neck



What’s wrong with this scan?

Set up for wrong leg



What’s wrong with this scan?

Includes ischium



ISCD

Hip ROI 

• Use femoral neck, or total proximal femur 
whichever is lowest.

• BMD may be measured at either / both hip(s)

• There are insufficient data to determine 
whether mean T-scores for bilateral hip BMD 
can be used for diagnosis

• The mean hip BMD can be used for 
monitoring, with total hip being preferred



Indications for Forearm DEXA

33%

• Hip and/or spine cannot be measured 

or interpreted

• In Hyperparathyroidism

• Very obese patients (over the weight 

limit for DEXA table). 



ISCD

Forearm ROI 

• Use 33% radius (sometimes called 

one-third radius) of the non-dominant 

forearm for diagnosis. Other forearm 

ROI are not recommended



Normal Radius 33%



Normal Radius 33%

Ancillary Results



Template DEXA Radius 33%



Bone Densitometry

• Spine T score is compared to 

reference population, 20-29 years, 

female, white.

• Hip uses NHANES lll

• Spine manufacturer specific

• Z score is matched for age, sex, 

weight and ethnicity.



Bone Densitometry

WHO uses T scores 

• Normal
• >= -1 SD below young adult

• Low bone mass/density (Osteopenia)
• -1.01 -2.49 SD

• Osteoporosis
• <= -2.5 SD 

• Established (Manifest) Osteoporosis
• + Fxs, usually spine, hip, proximal humerus, wrist, rib



Premenopausal Women 

and Men < 50

• Use Z scores

• Z =< -2.0 

• “below the expected range for age”

• Z > -2.0

• “within the expected range for age”



Bone Densitometry

• Never round up figures

• -0.99 is “normal”

• -1 is “low bone mass”

• -2.49 is “low bone mass”

• -2.5 is “osteoporosis”, 



Template “DEXA”

Choose the lowest T score



ISCD

Follow Up

• Intervals between BMD testing should be 
determined according to each patient’s 
clinical status: typically one year after 
initiation or change of therapy is 
appropriate, with longer intervals once 
therapeutic effect is established.

• In conditions associated with rapid bone 
loss, such as glucocorticoid therapy, 
testing more frequently is appropriate.



Bone Densitometry

Comparison with previous

• Are the studies comparable

• Always compare like with like
• KOP L1-4 
• 4th and Lewis

• Any intervening events

• Cannot compare Hologic and Lunar

• Cannot compare KOP and Hillcrest

• We try to have follow up scans at same 
location as prior



Bone Densitometry

Comparison with previous

• If over a period of time there is an 

increase in BMD in the lower lumbar 

spine and decrease in the upper 

lumbar spine, it is likely there is OA of 

the lower facet joints, and the upper 

lumbar spine is a truer reflection of 

useful BMD.



Bone Densitometry

Comparison with previous

• Increase in BMD of the femoral neck 

can be due to calcar buttressing with 

OA of the hip.



Bone Densitometry

Comparison with previous
• If you want to eyeball the % for a comparison, 

use the young adult % since the reference 
range will not change with age.

• A static bone density is actually a good result 
over a significant period of time

• If a test is 1% precise, then a change has to be 
greater than 2% to be significant

• This is partly why we have the “Least 
Significant Change” LSC

• Look for the *



Bone Densitometry

Comparison with previous

• If you would have expected the bone 

density to have fallen 4% in 2 years, 

and it is static, then this is a positive 

response to RX



Bone Densitometry

Comparison with previous

• Generally Rx affects all levels equally.  

• OA does not.



ISCD

Hip ROI 

• Total hip is preferred for monitoring, 

no matter if total is denser than neck.

• So report lower of “total” or “neck” in 

measurements and “total” in 

comparison.



Femur

Selecting area to measure

• Always explain any variation in 

reading technique from the previous 

study.  

• Watch out for the * that denotes a 

significant change from prior.







DEXA FU

This new page in PACS helps separate “Neck” and “Total”



DEXA FU



DEXA FU

Select worse case scenario for current and comparison

If there is no * next to the % change, please just use the wordage “No significant change”.



ISCD

Serial BMD Measurements

• Serial BMD testing can be used to determine whether treatment 

should be started on untreated patients, because significant loss 

may be an indication for treatment.

• Serial BMD testing can monitor response to therapy by finding an 

increase or stability of bone density.

• Serial BMD testing can evaluate individuals for non-response by 

finding loss of bone density, suggesting the need for reevaluation of 

treatment and evaluation for secondary causes of osteoporosis.

• Follow-up BMD testing should be done when the expected change in 

BMD equals or exceeds the least significant change (LSC).



Bone mass in healthy children

Radiology 1991;179:735-738



Bone mass in healthy children

• Increases with age, weight and 
pubertal Tanner stage.

• Tanner stage and weight are best 
predictors of bone mass.

• Age, sex, race, activity and diet are 
not good predictors, when weight and 
Tanner stage are controlled.

Radiology 1991;179:735-738



Bone mass in healthy children

• Make sure we have at least the age 

and weight of the child, if not the 

Tanner stage.

Radiology 1991;179:735-738



BMD in children and adolescents



ISCD 

BMD Reporting in Females Prior to Menopause and in Males 

Younger Than Age 50

• Z-scores, not T-scores, are preferred. This is particularly 
important in children.

• A Z-score of -2.0 or lower is defined as “below the 
expected range for age”

• A Z-score above -2.0 is “within the expected range for 
age.”

• Osteoporosis cannot be diagnosed in men under age 50 
on the basis of BMD alone.

• The WHO diagnostic criteria may be applied to women 
in the menopausal transition.



DEXA PEDS



ISCD

Fracture Risk Assessment

• A distinction is made between 

diagnostic classification and the use of 

BMD for fracture risk assessment.

• For fracture risk assessment, any well-

validated technique can be used, 

including measurements of more than 

one site where this has been shown to 

improve the assessment of risk.



WHO Fracture Risk Algorithm (FRAX®)

• FRAX was developed to calculate the 10-year 
probability of a hip fracture and the 10-year 
probability of a major osteoporotic fracture 
(defined as clinical vertebral, hip, forearm or 
proximal humerus fracture) 

• This takes into account femoral neck BMD 
and the clinical risk factors

• The FRAX® algorithm is available at 
www.nof.org

http://www.nof.org/


FRAX

• FRAX is intended for postmenopausal 

women and men age 50 and older.

• The FRAX tool has not been validated 

in patients currently or previously 

treated with pharmacotherapy for 

osteoporosis



FRAX

• FRAX can be calculated with either 

femoral neck BMD or total hip BMD 

but when available, femoral neck BMD 

is preferred. 



FRAX

• Please remember that FRAX is only of 

use in patients who are of “low bone 

mass” and not on treatment for 

osteoporosis.



FRAX print out 4th + Lewis



FRAX print out KOP



FRAX macro

• 10 year probability of fracture: 

•

• Major osteoporotic: []%

•

• Hip: []% 

•

• Population: USA (Caucasian) 

•

• Based on DualFemur (left) neck BMD 



Vertebral Fracture Assessment 

• Nomenclature

• Vertebral Fracture Assessment (VFA) 

is the correct term to denote 

densitometric spine imaging 

performed for the purpose of detecting 

vertebral fractures.





Bone Densitometry

44F



Bone Densitometry

44F

Check T scores for more than a 1.0 level to level difference



Bone Densitometry

44F

Neck or total, which is lowest?



Bone Densitometry

44F

Neck or total, which is lowest?



Two possible reasons for this lady’s Z score being 

worse than the T score?  

Z and T

Z score is matched for age, sex, weight and ethnicity.



Two possible reasons for this lady’s Z score being 

worse than the T score?  

Obesity and race

Z and T



The T score is based on a white, same sex, age 20-29

population. The patient's BMD is compared to this population's BMD.

A lower T score means that the patient BMD is low compared to this young, 

healthy normal weight population. 

The Z score compares the patient to an adjusted population, it adjusts

for sex, age, weight, and ethnic background. The Z score can be lower than 

the T score for the patient, if the average patient in this population has a 

higher BMD than the average in the T score population. This can be seen in 

patients with higher weights, (which increases bone density), and in African 

American groups, (which show increased bone density).

If the patients comparison group has a generally higher bone density, then it 

is possible to have a poorer comparison to others of same age, than to 

younger comparisons in generally lower density group.



260 lb man, young Z above young T



AA

as

AA

AA

as

Caucasian



AA

as

AA

AA

as

White

T same

Z up

>

<



Bone Densitometry

Weight gain/loss and T

• Weight gain (loss) should cause an 
increase (decrease) in absolute BMD. 

• Weight gain (or loss) will  affect T score 
comparison, since reference range will not 
have changed.

• Hence an increase in weight with a 
corresponding increase in bone density, will 
look like a good improvement in T score, 
but fracture risk is unchanged.



Bone Densitometry

Weight gain/loss and Z

• Weight gain (or loss) will not affect Z 
score comparison, since Z scores are 
weight matched,  but should cause an 
increase (or decrease) in absolute 
BMD.

• An increase in weight, pushes up the 
reference range, and therefore the Z 
score may seem reduced, and vice 
versa. 

2.2lbs=1Kg



51F

90Kg

53F

51Kg



1Y, 16lb gain, 5% BMD loss

= significant increase in fracture risk

1.176 1.172

SD = 0.1       Both between -2 and -3 SD below mean for age



Cases



63F6

63 Post menopausal female

T



63F5

63 Post menopausal female



63F4

63 Post menopausal female

T



63F3

T



63F2



Report

• Because of the previous laminectomy 

at L4, which may also be affecting the 

reading on the inferior aspect of L3, 

the BMD is averaged at L1-2.  Note is 

also made of mild decrease in the L4 

vertebral height.

1 63F



LSMFT DEXA



LSMFT DEXA



Report

• An area of increased density is noted 

within the measured area of the left 

femoral neck.  This makes the DEXA 

reading non-diagnostic.  An X-ray of 

the left hip is recommended for further 

assessment.

LSMFT DEXA



Sclerotic lesion right femur DEXA 63M

Going to use the lower of neck or total, so not an issue



Sclerotic lesion right femur DEXA 63M



Report

• A focal area of increased density is 

noted within the right intertrochanteric 

region.  This is outside the measured 

region of the femoral neck and should 

not affect the DEXA reading.  

However, X-ray of the right hip is 

recommended for further 

assessement.

Sclerotic lesion right femur DEXA 63M



35F White 242lbs 62in3

New Case



35F White 242lbs 62in2



Report

• Because of the patients age, the T 

score cannot be used to assess the 

WHO criteria.  Because of the patients 

weight, the T score may not fully 

represent the fracture risk, and note 

should be made that the Z score is 1.7 

SD below age and weight matched.

35F White 242lbs 62in1



OGI 39M2

New Case

T

T



Report

• The very low bone density is 

compatible with the known diagnosis 

of osteogenesis imperfecta.

1 39M



46 F4

46 Premenopausal female



Calcified bile 46 F3

46 Premenopausal female



46 F Calcified bile2

46 Premenopausal female



46 Premenopausal female

Report

• Although the calcified bile is seen on 

the DEXA scan, it is outside the 

measured region and will not affect the 

reading, on this occasion.

1 46 F Calcified bile



47F

AA

2

New Case



Report

• The Z score is worse than the T score 

at all levels because the the Z score is 

compared to weight and ethnicity and 

African American  females naturally 

have a higher bone density than the 

standard Caucasian used for the T 

score, even at the age of 47.

1 African American 47F



49F   2Y8M gap   Lx spine up, Fem neck down2

New Case



Report

• A common cause for the bone density 

of the lumbar spine to increase whilst 

that of the femoral neck decreases 

over time is, the development of lower 

lumbar spine end plate sclerosis and 

facet osteophytes.

1 49F   2Y8M gap   Lx spine up, Fem neck down



Sacral agenesis

T

49F2

New Case

T



Report

• It is likely that only L1 represents close 

to true bone density and use of 

femoral neck measurements alone is 

recommended.

1 Sacral agenesis  49F



Dense R femoral neck 50F3

New Case

T

T



50F dense R femoral neck2



Report

• In view of the significant discrepancy 

between the right femoral neck and 

lumbar spine measurements , 

radiographs of the right hip/pelvis are 

recommended.

1 50F dense R femoral neck



2d earlier

2d later

51F3

New Case



51F    Barium in diverticulum  from  recent  enema2



Report

• It was noticed that the patient has had 

a recent barium study and that barium 

may therefore falsely elevate the bone 

density.  A repeat study is therfore 

recommended.

1 51F    Barium in diverticulum  from  recent  enema



53F

51Kg

47F

59Kg

6 yr later, 8Kg wt loss

2

New Case

T

T



53F

51Kg

47F

59Kg

1



Report

• As the patient loses weight the T score 

worsens at a faster rate than the Z 

score because the reference range for 

the Z score also is lowered.  

• However with the loss of weight the 

fracture risk does not increase as 

much as the T score worsens.

1 6 yr later, 8Kg wt loss



60F3

New Case

T

T



60F OA2



Report

• Because of lower lumbar spine 

degenerative changes the lumbar 

spine should not be included in the 

study.

1 60F OA



70 yo Man for DEXA follow up

10



12/1/05 70 yo Man for DEXA follow up8



3/11/09 70 yo Man for DEXA follow up7



3/11/09 70 yo Man for DEXA follow up6



12/13/07 70 yo Man for DEXA follow up5



2009 70 yo Man for DEXA follow up4



Prostate Metastases

70 yo Man for DEXA follow up3



70 yo Man for DEXA follow up2



70 yo Man for DEXA follow up1



4430.8400 DEXA Pagets prox femur 62F



4430.8400 DEXA Pagets prox femur 62F



54M  ESLD  s/p transRec. repeat3

New Case



54M  ESLD  s/p transRec. repeat2

New Case



Report

• Only technical error could account for 

such a finding and therefore repeat 

study is recommended.

1 54M  ESLD  s/p trans



76F response to Rx

15m later

15m   earlier

2

New Case



Report

• If all levels increase in bone density 

over time, it is likely a response to 

treatment.

1 76F response to Rx



85M   Bil THR3

New Case



85M   Bil THR2



Report

• When the lumbar spine and hips 

cannot be used we turn to the distal 

radius and use the 33% measurement.

1 85M   Bil THR



DEXA 51F

New Case

4



DEXA 51F3



DEXA 51F2



Report

• Increase in lumbar spine bone density 

is due to syndesmophytes and 

ligament ossification.

1 Ank Spond  DEXA 51F



HADD and zipper

Zipper artifact DEXA



59M2

New Case



Report

• Calcium anterior to the spine can 

increase apparent BMD.

1 DEXA pancreatic Cal 59M 



50M2

New Case



Report

• If the patient does not wish to divulge 

their personal details, only T score and 

not Z score can be produced.

1 DEXA    no personal data 50M 



59F4

New Case



59F3



2



Report

• Benign bone sclerosis such as Worth’s 

disease or Van Buchem’s, or a variant 

of osteopetrosis.

• Recommend repeat DEXA to check 

for spurious result.

1 High bone density 8SD 59F



64M



Kyphoplasties

64M



60M



Bilateral AVN hips

60M



Bilateral AVN hips

60M



51M

51M



51M



51M

• Sickle cell disease



13M - 2007



13M - 2010



13M

• Unknown neurologic disorder DEXA 

13M



62F4

New Case



62F3



62F2

MDP



Report

• Benign sclerotic lesion L1

• Levels may be incorrect. 

1



76F

New Case



76F



Report

• When a vertebrae collapses, initially it 

will be of higher density.

1 DEXA   L1 fracture 76F 



65F

New Case



65F



DEXA with islet cell met to L2  65F

1Y  prior                                                                   2m prior



Report

• Look out for vertebrae with a different 

and unaccountable bone density, 

either higher or lower.

1 DEXA with islet cell met to L2  65F



44F

New Case



44F



Report

• 5’2”, 182lbs

1



55F

New Case



Report

1 55F



55F



Report

• Good response to Rx

1



DEXA Lx spine metal 9F CP  2008 



DEXA Lx spine metal 9F CP  2008 



DEXA Lx spine metal 9F CP  2007 



DEXA Lx spine metal 9F CP  2007 



DEXA OGI leg cast IM rods 12M



DEXA OGI leg cast IM rods 12M



DEXA OGI leg cast IM rods 12M



DEXA OGI leg cast IM rods 12M



Riley day syndrome DEXA 15F  2004



Riley day syndrome DEXA 15F  2007



Riley day syndrome DEXA 15F  2007



DEXA metal in spine 18M  2005



DEXA metal in spine 18M  2005



DEXA metal in spine 18M  2007



DEXA metal in spine 18M  2007



DEXA metal in spine 18M  2007



DEXA inadequate femur 27M dwarf 



DEXA inadequate femur 27M dwarf 



DEXA inadequate femur 27M dwarf 



DEXA inadequate femur 27M dwarf 



DEXA displaced Lx screw 33M 



DEXA displaced Lx screw 33M 



DEXA displaced Lx screw 33M 



DEXA displaced Lx screw 33M 



44F Steroids 4Y



44F Steroids 4Y



DEXA spine posterior decompression 49F



DEXA spine posterior decompression 49F



DEXA spine posterior decompression 49F



DEXA spine posterior decompression 49F



DEXA spine posterior decompression 49F



DEXA misplaced femoral necks 60M



DEXA misplaced femoral necks 60M



DEXA misplaced femoral necks 60M



DEXA misplaced femoral necks 60M



DEXA misplaced femoral necks 60M



DEXA Pagets 61F



DEXA externally rotated femurs 64F



DEXA externally rotated femurs 64F



DEXA externally rotated femurs 64F



DEXA recent L3 fx 71F



DEXA recent L3 fx 71F



DEXA recent L3 fx 71F



DEXA recent L3 fx 71F



DEXA recent L3 fx 71F



DEXA misread femur 75F



DEXA misread femur 75F



DEXA exclude L spine 75F



DEXA exclude L spine 75F



DEXA exclude L spine 75F



DEXA don’t use Lx 75M



DEXA don’t use Lx 75M



DEXA don’t use Lx 75M



DEXA vertebroplasty 77F 



DEXA vertebroplasty 77F 



DEXA vertebroplasty 77F 



DEXA vertebroplasty 77F 



DEXA artifact 80F 



DEXA artifact 80F 



DEXA artifact 80F 



DEXA artifact 80F 



DEXA artifact 80F 



DEXA artifact 80F 







Report
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Bone Densitometry

DEPA

• Gd153

• Accuracy similar to QCT

• Less radiation than QCT

• Measures cortical and trabecular

• Less sensitive to early changes

• Affected by aortic Ca2+



Bone Densitometry

QCT
• Single energy 97% accurate

• Dual energy not routinely available

• 300mR

• Fat content adversely affects accuracy

• Difficult to reproduce positioning

• Can only measure trabecular bone

• 8X increase turnover of trabecular bone





Dr. Tudor H. Hughes M.D., FRCR

Department of Radiology

University of California School of Medicine

San Diego, California

DEXA Interpretation :

Pearls and Pitfalls



ROAD MAP

• Defining osteoporosis

• Review of bone physiology

• DEXA interpretation basics

• DEXA imaging examples

• Cases for YOU!

• Expert Consultant



*Consensus Development Conference: Diagnosis, Prophylaxis, and Treatment 

of Osteoporosis.  Am J Med. 1991;90:107.

*Images used with permission of David Dempster, PhD. Copyright 2001

A systemic skeletal 

disease characterized by 

low bone mass and 

micro-architectural 

deterioration of bone 

tissue with a consequent 

increase in bone fragility 

and susceptibility to 

fracture.*

What is Osteoporosis?

Normal Bone*

Osteoporotic Bone*



Worldwide…

• Over 200 million people worldwide 

have osteoporosis

• 9 million osteoporotic fractures 

annually

• 39% were in men

• 42% vertebral fractures

• 30% hip fractures

• 20% forearm
Cooper C, et al. Osteoporos Int. 1992 Nov;2(6):285-9

Melton III LJ, et al. J Bone Miner Res 1992;7:1005-10

Randell A, Osteoporosis Int 1995;5:427-32
Khosla, Sundeep, et al. Endocrine Reviews. 2008; 29(4): 441-464



In the United States…

• 1 in 5 men > 50 yrs will have an   

osteoporosis related fracture

• 30% of all postmenopausal women in the 

US have osteoporosis 

▪ 40% will sustain ≥ 1 fracture 

in their remaining lifetime

Lim, Lionel. American Journal of Preventative Medicine. 2009; 36(4): 366-375.  

Khosla, Sundeep, et al. Endocrine Reviews. 2008; 29(4): 441-464.

Khosla, Sundeep, et al. J Clin Endocrinol Metab. 2010; 95(1): 3-10.



Age and gender vs 

fracture rate

T.P. van Staa, et al. Bone. 2001. 29:517-522.



Financial Cost

• In 2005, cost of treating individuals with 
osteoporotic fractures in US = $17 billion

• In 2020 expected to = $25 billion

• Number of women and men with 
osteoporosis projected to double by 2020

Lim, Lionel. American Journal of Preventative Medicine. 2009; 36(4): 366-375.



BONE REVIEW

• Trabecular / cancellous 

bone

• ↑ surface area

• ↓ density, weaker

• Cortical / compact bone

• ↑ density, stronger



Bone Strength  

• Bone Density – measurable

• DEXA (aBMD=g/cm2) 

• QCT (vBMD=g/cm3)

• Bone Quality – not well-defined, includes

• Architecture

• Turnover

• Damage accumulation

• Mineralization

• Collagen quality

Marshall, et a. BMJ 312:1254-1259.



0.5

0.5

0.5

Volumetric density         1 g/cm3

1.0

1.0

1.0

1 g/cm3

DEXA Measures Areal BMD
Areal vs. Volumetric Measurement

Example:      Female vertebral body         Male vertebral body

BMC: 0.125 grams
Area: 0.250 cm2

Areal BMD:  0.5g/cm2

BMC: 1.0 grams
Area: 1.0 cm2

Areal BMD: 1.0g/cm2

BMD =
BMC

Area



Male bones are larger

Female Male



Bone Strength  

• Bone Density – measurable

• DXA (aBMD=g/cm2) 

• QCT (vBMD=g/cm3)

• Bone Quality – not well-defined, includes

• Architecture

• Turnover

• Mineralization

• Collagen quality

• Damage accumulation

Marshall, et a. BMJ 312:1254-1259.



Normal 

vertebra

Osteoporotic 

vertebra



Turnover:  Bone Formation 

vs Bone Resorption 

Resting

Lining cells

Activation

Osteoblasts  produce osteoid

Osteoid 

mineralized

Reversal

Apoptotic osteoclasts

Active osteoblasts

Formation

Osteoclasts



Normal

Dempster 2000

Osteoporosis

Damage Accumulation

Microfractures



Lis Mosekilde, et al, J Musculoskel Neuron Interact 2000; 1:25-30

Microcallus 

formation

Damage Accumulation



Components of Central DEXA Scanners

X-ray source, Collimators, Detector(s)

Patient’s Soft tissue

Courtesy of Dr. B. Tanner

Photon Detector

Detector Collimator

Patient’s Spine

Source

Scanning table

Source Collimator

Shutter



Differential attenuation 

by bone and soft 

tissue

•Incident beam (Io)

• X-rays which enter

•Transmitted beam (I)

• X-rays which exit

•Attenuation

• Io - I

Io

I

Attenuation of X-rays

A
tt

e
n
u
a
ti
o
n



How Much Radiation Am I Getting? 

• ~3 uSv with a DEXA scan

• CXR = 50-150 uSv

• Mammogram=450 uSv

• L-spine= 700 uSv

• Daily background= 8 uSv



Why Use DEXA?

• Established gold standard for BMD testing 

• WHO defines osteoporosis in context of DEXA

• Graded relationship exists b/t DEXA determined 
BMD and future osteoporotic fracture risk

• Clinical trials showing efficacy of medical therapy 
for reducing fracture risk use DEXA

Schuit, ACE, et al. “Fracture Incidence and Association with Bone Mineral Density in Elderly Men and Women: The Rotterdam Study.” BONE. 2004; 34: 195-202.

Llu, Hau, et al  “Screening for Osteoporosis in Men: A Systematic Review for an American College of Physicians Guideline.”  Annals of Internal Medicine.  2008; 148(9): 685-01. 



DEXA Shortcomings…

• DXA machines are not portable

• Cost = $35,000

• Factors affect accuracy of DEXA
• Artifacts

• Need for same machine at same institution 

• Alignment during test; trained personnel

• Radiation exposure

• No information regarding bone architecture

Gonnelli, Stefano. “Quantitative Ultrasound and Dual-Energy X-Ray Absorptiometry in the Prediction of 

Fragility Fracture in Men.” Osteoporosis International. 2005;16: 963-968.



Defining Osteoporosis Clinically

T-Score Diagnosis

-0.99 SD or greater Normal

-1 to -2.49 SD Osteopenia

-2.5 SD or worse or fragility 
fracture

Osteoporosis

-2.5 SD  or worse with fracture Severe osteoporosis



T-score Compares With Young Adult; 

Z-score with Age-Matched

T-score = Patient’s BMD - Young Normal Mean BMD

SD of Young Normal

Z-score = Patient’s BMD- Age Matched Mean BMD

SD of Age Matched



Using T-scores vs. Z-scores

T-scores
• WHO diagnositic 

classification of 
osteoporosis in men 
and postmenopausal 
women 

• WHO classification with 
T-score cannot be 
applied to healthy 
premenopausal 
women, men under age 
50, or children

• Gender matched (not 
ethnicity or weight)

Z-scores
• For use in reporting 

BMD in healthy 
premenopausal 
women, men under age 
50, and children

• Z-score -2.0 or less is 
defined as “below the 
expected range for age”

• Z-score above -2.0 is 
“within the expected 
range for age”

• Age, gender, weight 
and ethnicity matched



Why Use T-scores?

• Different reference databases have 

different BMD means and SD 

• There are differences in 

• Technologies of x-ray generation

• Edge Detection approaches 

• Region of interest (ROI) placement

• T-scores allow use of same 

diagnostic criteria with instruments 

from different manufacturers 



“How often do you see a patient with a previous 

DEXA report interpretation that is incorrect?”

Lewiecki, EM, et al.  J Clin Densitom, 9:388-392, 2006   
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> 1/day > 1/week 1/week 1/month <1/month never

6%

22%

17%

27% 25%

4%

45%



Graph

Image Results

T- and 

Z-scores

Demographics



• Spine is centered

• Spine is straight

▪ Not tilted

• Both iliac crests are 

visible; often between L4 

and L5

• Scan includes

▪ Middle of L5

▪ Middle of T12

Lumbar Spine:                          

Optimal Positioning



Correct Spine Analysis

• Edges should include 
only bone in the region 
to be evaluated

• Intervertebral markers 
should be placed in the 
disc space

• Numbering should be 
correct; generally count 
from the bottom up



Lumbar Spine:

Positioning Pitfalls

• Spine is off center

• Spine is tilted

• Only 1 iliac crest is visible

• Neither iliac crest is visible

• Does not include T12 or L5
386



Identify Bone Edges Correctly

Correct Incorrect



Check Vertebral Numbering

Correct Incorrect



Internal Artifacts Affect BMD

L1  -3.0

L2  -2.3

L3  2.4

L4  2.0

L1-4 -0.5 
Adjusted L1-2 T-score -2.5

Exclude vertebrae 

from analysis if 

there is a >1.0

T-score difference 

between adjacent 

vertebral bodies

T-

score



What Are These Spine Artifacts?

Vertebral fracture Severe Scoliosis: 

Uninterpretable



What Are These Spine Artifacts?

Vertebral augmentation Osteoblastic metastasis



Artifacts - Internal and External

External

Underwires 

Internal

Fixation Devices



Lumbar 

laminectomy

Jacobson, et al. AJR; June 2000;174: 1699-1706. 



IV Contrast Barium

What Are These Spine Artifacts?



Pacemaker wires

Jacobson, et al. AJR; June 2000;174: 1699-1706. 



Scoliosis and 

kidney stone

What Are These Spine Artifacts?

IVC Filter



Calcified costochondral cartilage

Jacobson, et al. AJR; June 2000;174: 1699-1706. 



L1-L4 BMD = 1.268 g/cm2 2 weeks Later

L1-L4 BMD = 0.929 g/cm2

RETAINED CONTRAST



Vertebral Compression 

Fracture

Jacobson, et al. AJR; June 2000;174: 1699-1706. 



Region BMD T-score

L1 0.516 -3.7

L2 0.739 -2.6

L3 0.871 -1.9

L4 1.122 - 0.1

L1-L4 0.834 -1.9

L1-L3 0.721 -2.7

Diagnosis = Osteoporosis

Degenerative Disease



Femoral Neck ROI Placement
Manufacturer Specific

GE-Lunar
ROI placed at 

narrowest 
portion of 

femoral neck

Hologic

ROI anchored on 

bone map of greater 

trochanter



Proximal Femur Scan 

Analysis

• Check for proper 

positioning

• Check if hip

• Hardware, fusion, 

osteoarthritis, 

fractures 

• Visually verify 

bone edges 

• Exclude artifacts

402



Identify Bone Edges Correctly

Correct Incorrect



Check Region of Interest Placement 

Correct Incorrect



Hip Artifact - Internal and External

Severe osteoarthritis
Pocket coin



BONE ISLAND



Calcific Tendon Avascular Necrosis



Right Femoral Neck: 

3.786 g/cm2: T = +19.8

Left Femoral Neck: 

3.253 g/cm2: T = +15.9



VFA
Visualizes Thoracic and Lumbar Spine

T12 FractureNormal Normal L1 Fracture



Vertebral Fracture Assessment (VFA)

• Detects silent vertebral fractures

• Advantages over x-ray

• Fast, low-cost

• Convenient – available at point-of-care 

• Low radiation

• Adds important information for 

fracture risk assessment

410



VFA Examples

 T7  Wedge

 T9 Wedge

 T12 G2  Wedge

Multiple Fractures



Least Significant Change (LSC)

• Change in bone mineral density that 

is considered statistically significant

• Institution specific

• In reports, the asterix * by BMD 

comparisons indicates a statistically 

significant change

• LSC reported below data chart

412



Follow-up

L1-L4 BMD = .684 g/cm2 

T-score = -4.1 

Baseline

L1-L4 BMD = .705 g/cm2 

T-score = -3.9 

What do you tell the patient?



Follow-up

L1-L4 BMD = .684 g/cm2 

T-score = -4.1 

Baseline

L1-L4 BMD = .705 g/cm2 

T-score = -3.9 

The L1-4 LSC at this facility is 0.040 g/cm2

The BMD Has NOT Changed…
Despite the T-score Being “Worse”



Dr. Tudor H. Hughes M.D., FRCR

Department of Radiology

University of California School of Medicine

San Diego, California

PATIENT CASES

(FOR YOU TO TRY)



56 yo M with COPD/frequent prednisone use
L1-L4 T-score = -0.6; Normal BMD.  Is this Correct?

When L3 and L4 eliminated, 

Diagnosis is osteoporosis



Patient EF:  65 year old female 

diagnosed with osteopenia and 

treated with an oral 

bisphosphonate for ~ 1 year.  

Referred to you due to bone loss 

and a change in diagnosis from 

osteopenia to osteoporosis.

What do you tell her?



Osteopenia → Osteoporosis 

Baseline Follow-up

L1-L4 BMD 0.896 g/cm2

T-score = -2.4

L1-L4 BMD 0.853 g/cm2

T-score = -2.7
Loss =  .043 g/cm2, 4.8%



75 year old male with improved 

BMD on bisphosphonate 

x 1 year. 

What do you tell him?



1-Year Follow-up  Baseline  

75 M: Improved BMD on bisphosphonate

L1 to L4 increased 0.111g/cm2, LSC = 0.04 gm/cm2



1-Year Follow-up VFA  Baseline VFA  

New fractures 

At L1 and L4



65yr M: Prior DEXA 2 yrs ago, on bisphosph therapy.  
Has there been a change in BMD over time?

Baseline Follow-up

L1-L4 BMD 0.700 g/cm2

T-score = -3.2

L1-L4 BMD 0.834 g/cm2

T-score = -3.0
BMD loss = 16% but T-score unchanged – why??



86 yo M with hip pain



Thank you ….

• International Society of Clinical 

Densitometery

• Susan Broy, MD

• Neil Binkley, MD

• Michael Lewiecki, MD

• Marjorie Luckey, MD

• Leonard Defots, MD

• Nai-Wen Chi, MD

• Tudor Hughes, MD
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Department of Radiology
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San Diego, California
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The International Society for Clinical 

Densitometry (ISCD) Convened Two 

Position Development Conferences (PDC) 

in 2007 

• Previous positions in this presentation 

are in white

• New positions in yellow and bold



2007 Position Development 

Conferences

Pediatric PDC

June 20-21, 2007

Montreal, Quebec, Canada

Adult PDC

July 20-22, 2007

Lansdowne, Virginia, USA



2007 Pediatric PDC 

Steering Committee

• Sanford Baim, MD, CCD, Co-Chair

• Mary B. Leonard, MD, MSCE, Co-Chair

• Didier B. Hans, PhD, PD, CCD

• Maria-Luisa Bianchi, MD

• Heidi Kalkwarf, PhD

• Frank Rauch, MD



2007 Adult PDC 

Steering Committee

• Sanford Baim, MD, CCD, Chair

• Neil Binkley, MD, CCD

• Didier B. Hans, PhD, PD, CCD

• David L. Kendler, MD, CCD

• E. Michael Lewiecki, MD, CCD



2007 PDC Expert Panels

The Pediatric PDC Expert Panel included representatives 
of:

• American Society for Bone and Mineral Research (ASBMR)

• International Bone and Mineral Society (IBMS)

The Adult PDC Expert Panel included representatives of:
• American Society for Bone and Mineral Research (ASBMR)

• International Bone and Mineral Society (IBMS)

• National Osteoporosis Foundation (NOF)

The recommendations of the PDC Expert Panels are 
reviewed by the ISCD Board of Directors.  
Recommendations that are approved become Official 
Positions of the ISCD.



Pediatric PDC Expert Panel
Sanford Baim, MD, CCD (USA) – Moderator

Craig B. Langman, MD (USA) – Moderator

• Shona L. Bass, PhD (Australia)

• Thomas O. Carpenter, MD (USA) 

• Emma Clark, MD (UK)

• Barbara A. Cromer, MD (USA)

• Tim Cundy, MD (New Zealand)

• Francis H. Glorieux, MD, PhD (Canada)

• Ghada El-Hajj Fuleihan, MD, MPH (Lebanon)

• Sue C. Kaste, DO (USA)

• Gordon L. Klein, MD, MPH (USA)

• Roman S. Lorenc, MD, PhD (Poland)

• M. Zulf Mughal, MBChB (UK)

• Aenor J. Sawyer, MD (USA)

• Francisco A. Sylvester, MD (USA)

• Hiroyuki Tanaka, MD, PhD (Japan)



Adult PDC Expert Panel
John P. Bilezikian, MD, CCD (USA) - Moderator

Stuart L. Silverman, MD (USA) – Moderator

• Harry K. Genant, MD, PhD (USA)

• Claus C. Glueer, PhD (Germany)

• Akira Itabashi, MD, PhD (Japan)

• Lawrence G. Jankowski, CDT (USA)

• Michael Kleerekoper, MD (USA)

• William D. Leslie, MD (Canada)

• Marjorie Luckey, MD (USA)

• Paul D. Miller, MD (USA)

• Sergio Ortolani, MD (Italy)

• Steven Petak, MD, JD (USA)

• Lawrence G. Raisz, MD, (USA)

• Diane L. Schneider, MD (USA)



Topic Areas For Adult PDC

• Technical and clinical issues relevant to 

dual-energy X-ray absorptiometry (DXA)

• Vertebral fracture assessment

• Bone densitometry technologies other 

than central DXA

o Quantitative computed tomography

o Quantitative ultrasound

o Peripheral dual-energy X-ray 

absorptiometry



Topic Areas For Pediatric PDC

• DXA prediction of fracture and definition 

of osteoporosis

• DXA assessment in diseases that may 

affect the skeleton

• DXA interpretation and reporting

• Peripheral quantitative computed 

tomography measurement

Note: Topics were restricted to children and adolescents. 



Indications For Bone Mineral Density 

(BMD) Testing   (1)

• Women aged 65 and older

• Postmenopausal women under age 65 with risk factors 

for fracture.

• Women during the menopausal transition with 

clinical risk factors for fracture, such as low body 

weight, prior fracture, or high-risk medication use. 

• Men aged 70 and older.

• Men under age 70 with clinical risk factors for 

fracture.

• Adults with a fragility fracture.



Indications For Bone Mineral Density 

(BMD) Testing  (2)

• 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.

Women discontinuing estrogen should be considered for bone 

density testing according to the indications listed above.



Reference Database for T-Scores 

• Use a uniform Caucasian (non-race adjusted) female 

normative database for women of all ethnic groups.*

• Use a uniform Caucasian (non-race adjusted) male 

normative database for men of all ethnic groups.*

• The NHANES III database should be used for T-score 

derivation at the hip regions.  

*Note:  Application of recommendation may vary according to local 

requirements.



Central DXA for Diagnosis (1) 

• The WHO international reference standard for 

osteoporosis diagnosis is a T-score of -2.5 or less at the 

femoral neck. 

o The reference standard from which the T-score is 

calculated is the female, white, age 20-29 years, 

NHANES III database



Central DXA for Diagnosis (2)

• Osteoporosis may be diagnosed in postmenopausal 

women and in men age 50 and older if the T-score of the 

lumbar spine, total hip, or femoral neck is -2.5 or less:* 

o In certain circumstances the 33% radius (also called 

1/3 radius) may be utilized 

*Note: Other hip regions of interest, including Ward's area and the greater 

trochanter, should not be used for diagnosis. Application of recommendation 

may vary according to local requirements.



Central DXA for Diagnosis (3)

• Skeletal sites to measure

o Measure BMD at both the PA spine and hip in all 

patients

o Forearm BMD should be measured under the 

following circumstances:

▪ Hip and/or spine cannot be measured or 

interpreted.

▪ Hyperparathyroidism

▪ Very obese patients (over the weight limit for DXA 

table)



Central DXA for Diagnosis (4)

• Spine Region of Interest (ROI)

o Use PA L1-L4 for spine BMD measurement

o Use all evaluable vertebrae and only exclude 

vertebrae that are affected by local structural change 

or artifact. Use three vertebrae if four cannot be used 

and two if three cannot be used

o BMD based diagnostic classification should not be 

made using a single vertebra.

o If only one evaluable vertebra remains after excluding 

other vertebrae, diagnosis should be based on a 

different valid skeletal site



Central DXA for Diagnosis (5)

o Anatomically abnormal vertebrae may be excluded 

from analysis if:

▪ They are clearly abnormal and non-assessable 

within the resolution of the system; or

▪ There is more than a 1.0 T-score difference 

between the vertebra in question and adjacent 

vertebrae

o When vertebrae are excluded, the BMD of the 

remaining vertebrae is used to derive the T-score

o The lateral spine should not be used for diagnosis, 

but may have a role in monitoring



Central DXA for Diagnosis (6)

• Hip ROI

o Use femoral neck, or total proximal femur whichever 
is lowest.

o BMD may be measured at either hip

o There are insufficient data to determine whether 
mean T-scores for bilateral hip BMD can be used for 
diagnosis

o The mean hip BMD can be used for monitoring, with 
total hip being preferred

• Forearm ROI

o Use 33% radius (sometimes called one-third radius) 
of the non-dominant forearm for diagnosis. Other 
forearm ROI are not recommended



Fracture Risk Assessment

• A distinction is made between diagnostic classification 

and the use of BMD for fracture risk assessment.

• For fracture risk assessment, any well-validated 

technique can be used, including measurements of more 

than one site where this has been shown to improve the 

assessment of risk.



Use of the Term “Osteopenia”

• The term “osteopenia” is retained, but “low bone mass” 

or “low bone density” is preferred.

• People with low bone mass or density are not 

necessarily at high fracture risk.



BMD Reporting in Postmenopausal 

Women and in Men Age 50 and Older

• T-scores are preferred.

• The WHO densitometric classification is applicable. 



BMD Reporting in Females Prior to 

Menopause and in Males Younger 

Than Age 50

• Z-scores, not T-scores, are preferred. This is particularly 

important in children.

• A Z-score of -2.0 or lower is defined as “below the 

expected range for age”, and a Z-score above -2.0 is 

“within the expected range for age.”

• Osteoporosis cannot be diagnosed in men under 

age 50 on the basis of BMD alone.

• The WHO diagnostic criteria may be applied to 

women in the menopausal transition.



Z-Score Reference Database 

• Z-scores should be population specific where adequate 
reference data exist. For the purpose of Z-score 
calculation, the patient's self-reported ethnicity should be 
used.



Serial BMD Measurements (1)

• Serial BMD testing can be used to determine whether 

treatment should be started on untreated patients, 

because significant loss may be an indication for 

treatment.

• Serial BMD testing can monitor response to therapy by 

finding an increase or stability of bone density.

• Serial BMD testing can evaluate individuals for non-

response by finding loss of bone density, suggesting the 

need for reevaluation of treatment and evaluation for 

secondary causes of osteoporosis.



Serial BMD Measurements (2)

• Follow-up BMD testing should be done when the 

expected change in BMD equals or exceeds the least 

significant change (LSC).

• Intervals between BMD testing should be determined 

according to each patient's clinical status: typically one 

year after initiation or change of therapy is appropriate, 

with longer intervals once therapeutic effect is 

established. 

• In conditions associated with rapid bone loss, such as 

glucocorticoid therapy, testing more frequently is 

appropriate.



Phantom Scanning and Calibration  (1) 

The Quality Control (QC) program at a DXA facility should 

include adherence to manufacturer guidelines for system 

maintenance. In addition, if not recommended in the 

manufacturer protocol, the following QC procedures are 

advised:

• Perform periodic (at least once per week) phantom 

scans for any DXA system as an independent 

assessment of system calibration.

• Plot and review data from calibration and phantom 

scans. 



Phantom Scanning and Calibration   

(2)

• Verify the phantom mean BMD after any service 
performed on the densitometer.

• Establish and enforce corrective action thresholds that 
trigger a call for service.

• Maintain service logs.

• Comply with government inspections, radiation surveys 
and regulatory requirements.



Precision Assessment   (1)

• Each DXA facility should determine its precision error 

and calculate the LSC. 

• The precision error supplied by the manufacturer should 

not be used.

• If a DXA facility has more than one technologist, an 

average precision error combining data from all 

technologists should be used to establish precision error 

and LSC for the facility, provided the precision error for 

each technologist is within a pre-established range of 

acceptable performance. 

• Every technologist should perform an in vivo precision 

assessment using patients representative of the clinic's 

patient population.



Precision Assessment   (2)

• Each technologist should do one complete precision 

assessment after basic scanning skills have been 

learned (e.g., manufacturer training) and after having 

performed approximately 100 patient-scans. 

• A repeat precision assessment should be done if a new 

DXA system is installed.

• A repeat precision assessment should be done if a 

technologist's skill level has changed.



Precision Assessment   (3)

• To perform a precision analysis:

o Measure 15 patients 3 times, or 30 patients 2 times, 

repositioning the patient after each scan

o Calculate the root mean square standard deviation 

(RMS-SD) for the group

o Calculate LSC for the group at 95% confidence 

interval



Precision Assessment   (4)

• The minimum acceptable precision for an individual 

technologist is:

o Lumbar Spine: 1.9% (LSC=5.3%)

o Total Hip: 1.8% (LSC=5.0%)

o Femoral Neck: 2.5% (LSC=6.9%)

o Retraining is required if a technologist's precision is 

worse than these values



Precision Assessment   (5)

• Precision assessment should be standard clinical 

practice. Precision assessment is not research and may 

potentially benefit patients. It should not require approval 

of an institutional review board. Adherence to local 

radiologic safety regulations is necessary. Performance 

of a precision assessment requires the consent of 

participating patients.



Cross-Calibration of DXA Systems   (1)

• When changing hardware, but not the entire system, or 
when replacing a system with the same technology 
(manufacturer and model), cross-calibration should be 
performed by having one technologist do 10 phantom 
scans, with repositioning, before and after hardware 
change. 

o If a greater than 1% difference in mean BMD is 
observed, contact the manufacturer for 
service/correction



Cross-Calibration of DXA Systems   (2)

• When changing an entire system to one made by the 

same manufacturer using a different technology, or 

when changing to a system made by a different 

manufacturer, one approach to cross-calibration is:

o Scan 30 patients representative of the facility's patient 

population once on the initial system and then twice 

on the new system within 60 days

o Measure those anatomic sites commonly measured 

in clinical practice, typically spine and proximal femur



Cross-Calibration of DXA Systems   (3)

o Facilities must comply with locally applicable 

regulations regarding DXA

o Calculate the average BMD relationship and LSC 

between the initial and new machine using the ISCD 

DXA Machine Cross-Calibration Tool (www.ISCD.org)

o Use this LSC for comparison between the previous 

and new system.  Inter-system quantitative 

comparisons can only be made if cross-calibration is 

performed on each skeletal site commonly measured

o Once a new precision assessment has been 

performed on the new system, all future scans should 

be compared to scans performed on the new system 

using the newly established intra-system LSC



Cross-Calibration of DXA Systems   (4)

• If a cross-calibration assessment is not performed, no 
quantitative comparison to the prior machine can be 
made. Consequently, a new baseline BMD and intra-
system LSC should be established.



BMD Comparison Between Facilities 

• It is not possible to quantitatively compare BMD or to 
calculate a LSC between facilities without cross-
calibration. 



Vertebral Fracture Assessment 

Nomenclature 

• Vertebral Fracture Assessment (VFA) is the correct term
to denote densitometric spine imaging performed for the
purpose of detecting vertebral fractures.



Indications for VFA  (1)

• Consider VFA when the results may influence clinical 
management.

• Postmenopausal women with low bone mass 
(osteopenia) by BMD criteria, PLUS any one of the 
following:

o Age greater than or equal to 70 years

o Historical height loss greater than 4 cm (1.6 in.)

o Prospective height loss greater than 2 cm (0.8 
in.)

o Self-reported vertebral fracture (not previously 
documented)



Indications for VFA  (2)

o Two or more of the following;

▪ Age 60 to 69 years

▪ Self-reported prior non-vertebral fracture

▪ Historical height loss of 2 to 4 cm

▪ Chronic systemic diseases associated with 

increased risk of vertebral fractures (for 

example, moderate to severe COPD or 

COAD, seropositive rheumatoid arthritis, 

Crohn’s disease)



Indications for VFA  (3)

• Men with low bone mass (osteopenia) by BMD 

criteria, PLUS any one of the following:

o Age 80 years or older

o Historical height loss greater than 6 cm (2.4 in)

o Prospective height loss greater than 3 cm (1.2 

in)

o Self-reported vertebral fracture (not previously 

documented)



Indications for VFA  (4)

o Two or more of the following;

▪ Age 70 to 79 years

▪ Self-reported prior non-vertebral fracture

▪ Historical height loss of 3 to 6 cm 

▪ On pharmacologic androgen deprivation 
therapy or following orchiectomy

▪ Chronic systemic diseases associated with 
increased risk of vertebral fractures (for 
example, moderate to severe COPD or 
COAD, seropositive rheumatoid arthritis, 
Crohn’s disease)



Indications for VFA  (5)

• Women or men on chronic glucocorticoid therapy 

(equivalent to 5 mg or more of prednisone daily 

for three (3) months or longer).

• Postmenopausal women or men with 

osteoporosis by BMD criteria, if documentation of 

one or more vertebral fractures will alter clinical 

management. 



Methods for Defining and Reporting 

Fractures on VFA 

• The methodology utilized for vertebral fracture 

identification should be similar to standard radiological 

approaches and be provided in the report.  

• Fracture diagnosis should be based on visual evaluation 

and include assessment of grade/severity. Morphometry 

alone is not recommended because it is unreliable for 

diagnosis.

• The Genant visual semi-quantitative method is the 

current clinical technique of choice for diagnosing 

vertebral fracture with VFA.

• Severity of deformity may be confirmed by morphometric 

measurement if desired. 



Indications for Following VFA With 

Another Imaging Modality   (1)

• The decision to perform additional imaging must be 
based on each patient's overall clinical picture, including 

the VFA result.

• Indications for follow-up imaging studies include:

o Two or more mild (grade 1) deformities without 
any moderate or severe (grade 2 or 3) deformities



Indications for Following VFA With 

Another Imaging Modality   (2)

o Lesions in vertebrae that cannot be attributed to 

benign causes

o Vertebral deformities in a patient with a known 

history of a relevant malignancy

o Equivocal fractures

o Unidentifiable vertebrae between T7-L4

o Sclerotic or lytic changes, or findings suggestive of 

conditions other than osteoporosis

Note: VFA is designed to detect vertebral fractures and not 

other abnormalities.



Baseline DXA Report: Minimum 

Requirements  (1)

• Demographics (name, medical record identifying 

number, date of birth, sex).

• Requesting provider.

• Indications for the test.

• Manufacturer and model of instrument used

• Technical quality and limitations of the study, stating why 

a specific site or ROI is invalid or not included.

• BMD in g/cm2 for each site.

• The skeletal sites, ROI, and, if appropriate, the side, that 

were scanned.

• The T-score and/or Z-score where appropriate.



Baseline DXA Report: Minimum 

Requirements  (2)

• WHO criteria for diagnosis in postmenopausal females 

and in men age 50 and over.

• Risk factors including information regarding previous 

non traumatic fractures.

• A statement about fracture risk. Any use of relative 

fracture risk must specify the population of comparison 

(e.g., young- adult or age-matched). The ISCD favors 

the use of absolute fracture risk prediction when such 

methodologies are established.

• A general statement that a medical evaluation for 

secondary causes of low BMD may be appropriate.

• Recommendations for the necessity and timing of the 

next BMD study.



Follow-Up DXA Report

• Statement regarding which previous or baseline study 

and ROI is being used for comparison.

• Statement about the LSC at your facility and the 

statistical significance of the comparison.

• Report significant change, if any, between the current 

and previous study or studies in g/cm2 and percentage.

• Comments on any outside study including manufacturer 

and model on which previous studies were performed 

and the appropriateness of the comparison.

• Recommendations for the necessity and timing of the 

next BMD study. 



DXA Report: Optional Items 

• Recommendation for further non-BMD testing, such as 

X-ray, magnetic resonance imaging, computed 

tomography, etc.

• Recommendations for pharmacological and non 

pharmacological interventions.

• Addition of the percentage compared to a reference 

population.

• Specific recommendations for evaluation of secondary 

osteoporosis. 



DXA Report: Items That Should Not 

be Included 

• A statement that there is bone loss without knowledge of 

previous bone density.

• Mention of “mild,” “moderate,” or “marked” osteopenia or 

osteoporosis.

• Separate diagnoses for different ROI (e.g., osteopenia at 

the hip and osteoporosis at the spine).

• Expressions such as "She has the bones of an 80-year-

old," if the patient is not 80 years old.

• Results from skeletal sites that are not technically valid.

• The change in BMD if it is not a significant change 

based on the precision error and LSC.



Components of a VFA Report

• Patient identification, referring physician, indication(s) for 
study, technical quality and interpretation. 

• A follow-up VFA report should also include comparability 
of studies and clinical significance of changes, if any.

• VFA reports should comment on the following

o Unevaluable vertebrae

o Deformed vertebrae, and whether or not the 
deformities are consistent with vertebral fracture

o Unexplained vertebral and extra-vertebral 
pathology

• Optional components include fracture risk and 
recommendations for additional studies 



General Recommendations for Non 

Central DXA Devices: QCT, pQCT, 

QUS, and pDXA (1)

The following general recommendations for QCT, 
pQCT, QUS, and pDXA are analogous to those 
defined for central DXA technologies. Examples of 
technical differences amongst devices, fracture 
prediction ability for current manufacturers and 
equivalence study requirements are provided in the 
full text documents printed in the Journal of Clinical 
Densitometry.



General Recommendations for Non 

Central DXA Devices: QCT, pQCT, 

QUS, and pDXA (2)

• Bone density measurements from different devices 

cannot be directly compared. 

• Different devices should be independently validated 

for fracture risk prediction by prospective trials, or 

by demonstration of equivalence to a clinically 

validated device.



General Recommendations for Non 

Central DXA Devices: QCT, pQCT, 

QUS, and pDXA (3)

• T-scores from measurements other than DXA at the 

femur neck, total femur, lumbar spine, or one-third 

(33%) radius cannot be used according to the WHO 

diagnostic classification because those T-scores are 

not equivalent to T-scores derived by DXA.



General Recommendations for Non 

Central DXA Devices: QCT, pQCT, 

QUS, and pDXA (4)

• Device-specific education and training should be 

provided to the operators and interpreters prior to 

clinical use.

• Quality control procedures should be performed 

regularly.



Baseline Non Central DXA Devices 

(QCT, pQCT, QUS, pDXA) Report: 

Minimum Requirements   (1)

• Date of test

• Demographics (name, date of birth or age, sex)

• Requesting provider

• Names of those receiving copy of report

• Indications for test

• Manufacturer, and model of instrument and software 
version



Baseline Non Central DXA Devices 

(QCT, pQCT, QUS, pDXA) Report: 

Minimum Requirements   (2)

• Measurement value(s)

• Reference database

• Skeletal site/ROI

• Quality of test

• Limitations of the test including a statement that the 

WHO diagnostic classification cannot be applied to 

T-scores obtained from QCT, pQCT, QUS, and pDXA 

(other than one-third (33%) radius) measurements



Baseline Non Central DXA Devices 

(QCT, pQCT, QUS, pDXA) Report: 

Minimum Requirements   (3)

• Clinical risk factors

• Fracture risk estimation

• A general statement that a medical evaluation for 

secondary causes of low BMD may be appropriate

• Recommendations for follow-up imaging

Note: A list of appropriate technical items is provided in the QCT and 

pQCT sections of the full text documents printed in the 

Journal of Clinical Densitometry.



Non Central DXA Devices (QCT, 

pQCT, QUS, pDXA) Report: Optional 

Items

• Report may include the following optional item:

o Recommendations for pharmacological and non 

pharmacological interventions



QCT and pQCT   (1)

• Acquisition

o With single-slice QCT, L1-L3 should be scanned; 

with 3D QCT, L1-L2 should be scanned 

• Fracture Prediction

o Spinal trabecular BMD as measured by QCT has 

at least the same ability to predict vertebral 

fractures as AP spinal BMD measured by central 

DXA in postmenopausal women.  There is lack of 

sufficient evidence to support this position for 

men



QCT and pQCT   (2)

o There is lack of sufficient evidence to recommend 

spine QCT for hip fracture prediction in either 

women or men

o pQCT of the forearm at the ultra-distal radius 

predicts hip, but not spine, fragility fractures in 

postmenopausal women.  There is lack of 

sufficient evidence to support this position for 

men



QCT and pQCT   (3)

• Therapeutic Decisions

o Central DXA measurements at the spine and femur are the 

preferred method for making therapeutic decisions and 

should be used if possible.  However, if central DXA cannot 

be done, pharmacologic treatment can be initiated if the 

fracture probability, as assessed by QCT of the spine or 

pQCT of the radius using device specific thresholds, and in 

conjunction with clinical risk factors, is sufficiently high 



QCT and pQCT   (4)

• Monitoring

o Trabecular BMD of the lumbar spine measured by QCT can 

be used to monitor age-, disease-, and treatment-related 

BMD changes 

o Trabecular and total BMD of the ultra-distal radius 

measured by pQCT can be used to monitor age-related BMD 

changes



QCT and pQCT   (5)

• Reporting 

o For QCT using whole body CT scanners the 

following additional technical items should be 

reported:

▪ Tomographic acquisition and reconstruction 

parameters

▪ kV, mAs

▪ Collimation during acquisition

▪ Table increment per rotation

▪ Table height

▪ Reconstructed slice thickness, reconstruction 

increment 

▪ Reconstruction kernel



QCT and pQCT   (6)

o For pQCT using dedicated pQCT scanners, the 

following additional technical items should be 

reported:

▪ Tomographic acquisition and reconstruction parameters

▪ Reconstructed slice thickness

▪ Single / multi-slice acquisition mode

▪ Length of scan range in multi-slice acquisition mode



QUS (1)

• Acquisition

o The only validated skeletal site for the clinical use 

of QUS in osteoporosis management is the heel

• Fracture Prediction

o Validated heel QUS devices predict fragility 

fracture in postmenopausal women (hip, 

vertebral, and global fracture risk) and men over 

the age of 65 (hip and all non-vertebral fractures), 

independently of central DXA BMD



QUS (2)

o Discordant results between heel QUS and central 

DXA are not infrequent and are not necessarily an 

indication of methodological error

o Heel QUS in conjunction with clinical risk factors 

can be used to identify a population at very low 

fracture probability in which no further diagnostic 

evaluation may be necessary. (Examples of 

device-specific thresholds and case findings 

strategy are provided in the full text documents 

printed in the Journal of Clinical Densitometry.)



QUS (3)

• Therapeutic Decisions

o Central DXA measurements at the spine and 

femur are preferred for making therapeutic 

decisions and should be used if possible.  

However, if central DXA cannot be done, 

pharmacologic treatment can be initiated if the 

fracture probability, as assessed by heel QUS, 

using device specific thresholds and in 

conjunction with clinical risk factors, is 

sufficiently high. (Examples of device-specific 

thresholds are provided in the full text documents 

printed in the Journal of Clinical Densitometry.)



QUS (4)

• Monitoring

o QUS cannot be used to monitor the skeletal 

effects of treatments for osteoporosis



pDXA  (1) 

• Fracture Prediction

o Measurement by validated pDXA devices can be 

used to assess vertebral and global fragility 

fracture risk in postmenopausal women, however 

its vertebral fracture predictive ability is weaker 

than central DXA and heel QUS. There is lack of 

sufficient evidence to support this position for 

men



pDXA  (2) 

o Radius pDXA in conjunction with clinical risk 

factors can be used to identify a population at 

very low fracture probability in which no further 

diagnostic evaluation may be necessary. 

(Examples of device-specific thresholds and case 

findings strategy are provided in the full text 

documents printed in the Journal of Clinical 

Densitometry.)



pDXA  (3) 

• Diagnosis  

o The WHO diagnostic classification can only be 

applied to DXA at the femur neck, total femur, 

lumbar spine and the one-third (33%) radius ROI 

measured by DXA or pDXA devices utilizing a 

validated young-adult reference database



pDXA  (4) 

• Therapeutic Decisions

o Central DXA measurements at the spine and 

femur are the preferred method for making 

therapeutic decisions and should be used if 

possible.  However, if central DXA cannot be 

done, pharmacologic treatment can be initiated if 

the fracture probability, as assessed by radius 

pDXA (or DXA) using device specific thresholds 

and in conjunction with clinical risk factors, is 

sufficiently high. (Examples of device-specific 

thresholds are provided in the full text documents 

printed in the Journal of Clinical Densitometry.)



pDXA  (5) 

• Monitoring

o pDXA devices are not clinically useful in 

monitoring the skeletal effects of  presently 

available medical treatments for osteoporosis



Skeletal Health Assessment In Children and 

Adolescents            (Males and Females 

ages 5-19)



Fracture Prediction and Definition of 

Osteoporosis (1)

• Fracture prediction should primarily identify children 
at risk of clinically significant fractures, such as 
fracture of long bones in the lower extremities, 
vertebral compression fractures, or two or more            
long-bone fractures of the upper extremities.



• The diagnosis of osteoporosis in children and 

adolescents should NOT be made on the basis of 

densitometric criteria alone.

o The diagnosis of osteoporosis requires the 

presence of both a clinically significant fracture 

history and low bone mineral content or bone 

mineral density.

Fracture Prediction and Definition of 

Osteoporosis (2)



▪ A clinically significant fracture history is one or more of 

the following: 

• Long bone fracture of the lower extremities  

• Vertebral compression fracture 

• Two or more long-bone fractures of the upper 

extremities

o Low bone mineral content or bone mineral 

density is defined as a BMC or areal BMD Z-score 

that is less than or equal to -2.0, adjusted for age, 

gender and body size, as appropriate.

Fracture Prediction and Definition of 

Osteoporosis (3)



DXA Assessment in Children and 

Adolescents With Diseases That May 

Affect the Skeleton  (1)

• DXA measurement is part of a comprehensive 

skeletal health assessment in patients with 

increased risk of fracture.

• Therapeutic interventions should not be instituted 

on the basis of a single DXA measurement.



DXA Assessment in Children and 

Adolescents With Diseases That May 

Affect the Skeleton  (2)

• When technically feasible, all patients should have 

spine and total body less head (TBLH) BMC and 

areal BMD measured 

o Prior to initiation of bone-active treatment. 

o To monitor bone-active treatment in 

conjunction with other clinical data.



DXA Assessment in Children and 

Adolescents With Diseases That May 

Affect the Skeleton  (3)

• In patients with primary bone diseases or potential 
secondary bone diseases (e.g., due to chronic 
inflammatory diseases, endocrine disturbances, 
history of childhood cancer, or prior transplantation 
(non-renal)), spine and TBLH BMC and areal BMD 
should be measured at clinical presentation.



DXA Assessment in Children and 

Adolescents With Diseases That May 

Affect the Skeleton  (4)

• In patients with thalassemia major, spine and TBLH 

BMC and areal BMD should be measured at fracture 

presentation or at age 10 years, whichever is earlier.

• In children with chronic immobilization (e.g., 

cerebral palsy) spine and TBLH BMC and areal BMD 

should be measured at fracture presentation.

o DXA should not be performed if contractures 

prevent the safe and appropriate positioning of 

the child.



DXA Assessment in Children and 

Adolescents With Diseases That May 

Affect the Skeleton  (5)

• The minimum time interval for repeating a bone 
density measurement to monitor treatment with a 
bone-active agent or disease processes is six 
months.



DXA Interpretation and Reporting in 

Children and Adolescents  (1) 

• DXA is the preferred method for assessing BMC and 

areal BMD.

• The PA spine and TBLH are the most accurate and 

reproducible skeletal sites for performing BMC and 

areal BMD measurements. 

• Soft tissue measures in conjunction with whole body 

scans may be helpful in evaluating patients with 

chronic conditions associated with malnutrition (such 

as anorexia nervosa, inflammatory bowel disease, 

cystic fibrosis), or with both muscle and skeletal 

deficits (such as idiopathic juvenile osteoporosis).



DXA Interpretation and Reporting in 

Children and Adolescents  (2) 

• The hip (including total hip and proximal femur) is 

not a reliable site for measurement in growing 

children due to significant variability in skeletal 

development and lack of reproducible ROI.

• In children with linear growth or maturational delay, 

spine and TBLH BMC and areal BMD results should 

be adjusted for absolute height or height age, or 

compared to pediatric reference data that provide 

age-, gender-, and height-specific Z-scores.



DXA Interpretation and Reporting in 

Children and Adolescents  (3) 

• An appropriate reference data set must include a 

sample of the general healthy population sufficiently 

large to characterize the normal variability in bone 

measures that takes into consideration gender, age, 

and race/ethnicity.

• When upgrading densitometer instrumentation or 

software, it is essential to use reference data valid 

for the hardware and software technological 

updates.



DXA Interpretation and Reporting in 

Children and Adolescents  (4) 

• Baseline DXA reports should contain the following 

information: 

o DXA manufacturer, model, and software 

version

o Referring physician

o Patient age, gender, race/ethnicity, weight, and 

height

o Relevant medical history including previous 

fractures

o Indication for study



DXA Interpretation and Reporting in 

Children and Adolescents  (5) 

o Bone age results, if available

o Technical quality

o BMC and areal BMD

o BMC and areal BMD Z-score

o Source of reference data for Z-score 

calculations 

o Adjustments made for growth and maturation

o Interpretation

o Recommendations for the necessity and timing 

of the next DXA study are optional



DXA Interpretation and Reporting in 

Children and Adolescents  (6) 

• Serial DXA testing

o Should be done only when the expected change 

in areal BMD equals or exceeds the LSC

o Serial DXA reports should include the same 

information as for baseline testing, but 

additionally include:



DXA Interpretation and Reporting in 

Children and Adolescents  (7) 

▪ Indications for follow-up scan

▪ Comparability of studies

▪ Interval changes in height and weight

▪ BMC and areal BMD Z-scores adjusted or 

unadjusted for height or other adjustments

▪ Percent change in BMC and areal BMD and 

interval change in Z-scores

▪ Recommendations for the necessity and timing 

of the next BMD study are optional



DXA Interpretation and Reporting in 

Children and Adolescents  (8) 

• Accurate interpretation of serial DXA results 

requires knowledge of the LSC for all sites 

measured and for all technologists at the DXA 

testing facility.

• Terminology

o T-scores should not appear in pediatric DXA 

reports.

o The term “osteopenia” should not appear in 

pediatric DXA reports.



DXA Interpretation and Reporting in 

Children and Adolescents  (9) 

o The term “osteoporosis” should not appear in 

pediatric DXA reports without knowledge of 

clinically significant fracture history.

o “Low bone mineral content or bone mineral 

density for chronologic age” is the preferred 

term when BMC or BMD Z-scores are less than 

or equal to -2.0.



pQCT in Children and Adolescents  (1)

• Reference data are not sufficient for the clinical use 

of pQCT for fracture prediction or diagnosis of low 

bone mass.

• When the forearm is measured, the non-dominant 

forearm should be used.

• Measurements sites should include the metaphysis 

and diaphysis.

• Determination of the precision error, LSC, and 

monitoring time interval should be performed as 

described for DXA.



pQCT in Children and Adolescents  (2)

• pQCT reports should include:

o Manufacturer, model, and software version 

o Referring physician

o Patient age, gender, race/ethnicity, weight, and 

height

o Relevant medical history including previous 

fractures

o Indication for measurement

o Bone age results, if available

o Measurement site 

o Limb length



pQCT in Children and Adolescents  (3)

o Scan acquisition and analysis parameters 

o Scan technical quality 

o Reference data source for Z-score calculation

o Metaphyseal total and trabecular vBMD and Z-

scores 

o Diaphyseal BMC, cortical vBMD, cortical 

thickness, cross-sectional moment of inertia, 

SSI results, and Z-scores.

o Adjustments made for growth and maturation

o Interpretation



pQCT in Children and Adolescents  (4)

• Quality control procedures should be performed as 
described for central DXA.



DXA Nomenclature 

• DXA - not DEXA

• T-score - not T score, t-score, or t score

• Z-score - not Z score, z-score, or z score



DXA Decimal Digits
Preferred number of decimal digits for DXA reporting

• BMD:  3 digits Example, 0.927 g/cm2

• T-score:  1 digit Example, -2.3

• Z-score:  1 digit Example, 1.7

• BMC:  2 digits Example, 31.76 grams

• Area:  2 digits Example, 43.25 cm2

• % Reference Database: 

Integer Example, 82%



Glossary (1)

• BMC - bone mineral content

• BMD - bone mineral density

• DXA - dual-energy X-ray absorptiometry

• ISCD – International Society for Clinical 
Densitometry

• LSC - least significant change

• NHANES III - National Health and Nutrition 
Examination Survey III

• PA - posterior anterior

• pDXA – peripheral dual-energy x-ray 
absorptiometry

• pQCT – peripheral quantitative computed 
tomography



Glossary (2)

• QC - quality control

• QCT - quantitative Computed Tomography

• QUS - quantitative Ultrasound

• ROI – region(s) of interest

• SSI - strain strength index

• TBLH - total body less head

• VFA - Vertebral Fracture Assessment

• vBMD - volumetric BMD

• WHO - World Health Organization
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