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Learning Objectives
In this presentation we will discuss the capabilities of a Dual-Energy X-ray Absorptiometry (DXA) 
Scanner.  This will include the:

◦ Basic areas that we scan:
◦ Lumbar Spine and Hips

◦ Forearm.

◦ Total Body Composition Scan.

◦ Vertebral Fracture Assessment (VFA) AP total Spine.

◦ Orthopedic Analysis

◦ Atypical Femur Fracture Scan.

◦ Lateral lumbar Spine Scan with Bone Mineral Density (BMD) Results.



Dual-Energy X-ray Absorptiometry (DXA)
Is the gold standard in detecting bone density.

It is the gold standard because it covers very large diverse populations and has been around for 
a long time.

The areas that are generally scanned in a normal clinical setting are the hips and lumbar spine.

From the results of the hip and spine a bone density diagnosis is determined.



AP Spine Scan 
Positioning
Lie the patient on their back with their head at 
the right end of the table.

Make sure the patient is straight and lying flat.

Raise the patient's legs and place the positioning 
block under the legs.

Start the scan in the middle of L5.  This is a 
couple inches below the navel at the top of the 
iliac crest.



AP Spine scan
In this scan we want to see all L1-L4.

Start the scan around the middle of L5.

End the scan at the middle of T-12.

Make sure you have the transverse processes of 
L1-L4. 

You should see the T-12 ribs.

Most of the time you should be able to see a 
small part of the iliac crest.



Ap Spine results
Left side GE Lunar/Right side is Hologic Reports



Hip Scanning Position



Hip Scanning Instructions
Lie the patient on their back on the table with their head at the right end of the table.

Place the Foot Positioner under the patient’s legs and align the center of the positioner with the 
table and the patient’s midline.

Rotate the patient's entire approximately 25 degrees inward. 

Place the medial part of the foot against the positioner, put the strap around the lateral part of 
the foot, pull the strap tight and Velcro it to the other side of the positioner.

place the cross hair of the laser 3 inches below the greater trochanter and 1 inch medial to the 
shaft of the femur and start to scan.



Hip Scan
T H I S  I S  W H AT  A  H I P  S C A N  LO O K S  L I K E  O N  A  H O LO G I C  S C A N N E R  ( L E F T )  A N D  A  G E  LU N A R  ( R I G HT )



After Scanning the Hip.

An acceptable hip scan includes the following:
◦ The femoral shaft is parallel to the edge of the scan image.

◦ The greater trochanter is centered vertically in the window.

◦ The entire femoral head is visible.

◦ A 25° internal rotation of the hip showing minimal or no lesser trochanter on the scan image.



Hip Results
LEFT HOLOGIC/RIGHT GE LUNAR



FRAX Risk Assessment Tool (FRAX ®)

The Fracture Risk Assessment Tool (FRAX) is a fracture risk calculator that estimates an 
individual’s 10-year probability of incurring a hip or other major osteoporotic fracture.

The FRAX® tool has been developed to evaluate fracture risk of patients. It is based on individual 
patient models that integrate the risks associated with clinical risk factors as well as bone 
mineral density (BMD) at the femoral neck.

Based on FRAX® calculations, patients are at high risk for fracture when they have a 3% or higher 
hip FRAX and a 20% or higher other major osteoporotic fracture.

This tool now comes with every bone density machine and has the ability to apply FRAX when 
activated.



Frax Risk factors

Age
The model accepts ages between 40 and 90 years. If ages below or above are entered, the programme will compute probabilities at 40 and 90 
year, respectively.

Sex Male or female. Enter as appropriate.

Weight This should be entered in kg.

Height This should be entered in cm.

Previous fracture
A previous fracture denotes more accurately a previous fracture in adult life occurring spontaneously, or a fracture arising from trauma which, in 
a healthy individual, would not have resulted in a fracture. Enter yes or no (see also notes on risk factors).

Parent fractured hip This enquires for a history of hip fracture in the patient's mother or father. Enter yes or no.

Current smoking Enter yes or no depending on whether the patient currently smokes tobacco (see also notes on risk factors).

Glucocorticoids
Enter yes if the patient is currently exposed to oral glucocorticoids or has been exposed to oral glucocorticoids for more than 3 months at a dose 
of prednisolone of 5mg daily or more (or equivalent doses of other glucocorticoids) (see also notes on risk factors).

Rheumatoid arthritis Enter yes where the patient has a confirmed diagnosis of rheumatoid arthritis. Otherwise enter no (see also notes on risk factors).

Secondary osteoporosis
Enter yes if the patient has a disorder strongly associated with osteoporosis. These include type I (insulin dependent) diabetes, osteogenesis 
imperfecta in adults, untreated long-standing hyperthyroidism, hypogonadism or premature menopause (<45 years), chronic malnutrition, or 
malabsorption and chronic liver disease

Alcohol 3 or more units/day
Enter yes if the patient takes 3 or more units of alcohol daily. A unit of alcohol varies slightly in different countries from 8-10g of alcohol. This is 
equivalent to a standard glass of beer (285ml), a single measure of spirits (30ml), a medium-sized glass of wine (120ml), or 1 measure of an 
aperitif (60ml) (see also notes on risk factors).

Bone mineral density (BMD)
(BMD) Please select the make of DXA scanning equipment used and then enter the actual femoral neck BMD (in g/cm2). Alternatively, enter the 
T-score based on the NHANES III female reference data. In patients without a BMD test, the field should be left blank (see also notes on risk 
factors) (provided by Oregon Osteoporosis Center).





Forearm Scan
Reasons a Forearm scan is performed:

◦ There is more than one standard deviation difference between the hip and the spine scans.

◦ The degenerative changes in the spine or hips significantly alters the results therefore, that area needs 
to be thrown out and anther area scanned.

◦ Hardware has been placed in the spine or hips altering the results therefore, those areas need to be 
disqualified from interpretation and the forearm added.

◦ The patient is suspected to have hyperparathyroidism.

◦ The patient exceeds the table weight capacity.



Forearm Positioning

GE Lunar

Hologic



Forearm Positioning Instruction.
Make sure the forearm is flat and not rotated!!!

Make sure you use the GE Lunar positioner when using a GE Lunar DXA scanner. 

Make sure the GE Lunar positioner is correctly positioned. (Refer to the refence manual before 
you perform this scan!!!)

These can be done sitting in a chair or lying down.

In any case make sure you do it the same every time.  This includes using the same chair every 
time. 



Forearm Image
Hologic GE Lunar



Forearm Results



Total Body Composition Scan



Body Composition by DXA
John Shepherd, Bennett Ng, Markus Sommer, and Steven B. Heymsfield

Body composition measurements from DXA have been available since DXA technology was 
developed 30years ago but are historically underutilized.

DXA is the preferred method for bone and body composition.

The two X-ray attenuations passing through the body can be used to accurately calculate the 
mass of two different materials given simple algebra and the physical properties of those 
materials

DXA can measure regional body composition by subdividing the body using specific well-defined 
cut lines.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Shepherd%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28625918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ng%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28625918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sommer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28625918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heymsfield%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=28625918


Body Composition by DXA
DXA does expose the patient and operator to ionizing radiation, but the dose is very small to 
both.

Both Hologic and GE systems have the NHANES data integrated into their software to generate 
Z-scores for various adiposity and lean mass measures.

DXA uses Fat Mass Index (FMI) FMI has a distinct advantage over BMI for defining obesity status 
since it is independent of lean mass status.

sex-specific cut points for normal, excess fat, obesity I, obesity II, and obesity III. DXA system also 
report estimates for visceral adipose tissue (VAT) for either Hologic or GE systems.



Body Composition by DXA
Much of the advancement in the use of DXA for sports and fitness has been application of the 
technology that has been available for years. Yet, there is a unique place for DXA in evaluating 
the success of sports, diet, and fitness interventions because of its unique ability to 
simultaneously measure bone, lean, and fat mass status.



Total body Scan Prep
Restrictions

◦ No Barium X-ray or Nuclear medicine test within 2 weeks of the study

◦ No CT (Iodine) or MRI (Gadolinium) contrast within 1 week of the study

◦ DXA is an x-ray source so we can scan individuals with metal implants. However, large amounts of 
implants like Rods in the limbs and spine and large plates and screws can affect an accurate outcome.



Day of Scan
Come fasting for six hours

Come not having exercised for 6 hours

Come with having removed ALL body Piercings.

Subject will fill out all appropriate paper work if any.

Subject will be asked to void Bladder.

Subject will Change into scrubs. Subject will need to remove all clothing including socks, for women 
Bra’s will also need to be removed. Underwear can stay on.

Subject will get total body composition scan.

Subject can change back into civilian cloth

Females of reproductive age (14-65) will need a UA (Pregnancy Test) Before the Scan.



Scan parameters

Scan will take approximately 3 minutes.

Patient will be asked to lay on back, with no pillow, with legs and arms straight. 

Toes will be pointed up and slightly rotated inward (Hologic). We will have strap to hold feet 
into position.

If patient moves the scan will have to be started over.

Patient will be asked to not talk during scan.





The Regions are predefined 

as a template 

overlay and can be

adjusted to match the 

patient’s anatomy.



Total Body Scans Analysis Page





Vertebral Fracture Assessment (VFA)

VFA is an image of the lumbar and thoracic spine acquired on DXA scanners, 
for the purpose of diagnosing Osteoporotic Vertebral Fractures.

VFA provides the ability to analyze the shape of vertebra using vertebral 
height measurements and calculations of those heights to compute wedge 
ratios

VFA is also called IVA by Hologic.

Vertebral Fracture 
Assessment (VFA)



Reasoning for Vertebral Fracture Assessment
(VFA)

Two thirds of fractures on X-ray are unappreciated and only 10% necessitated admission to the 
hospital.    

Spinal X-rays may not be routinely performed in osteoporosis evaluation.

Many patients with vertebral fractures are osteopenic by DXA T-score.  VFA would allow 
appropriate diagnosis of osteoporosis in these patients.

Many studies document association between prevalent vertebral fractures and the risk of future 
vertebral and non-vertebral fractures.



Other Names
Instant Vertebral Assessment

Lateral Vertebral Assessment

Morphometry of Vertebrae

Detection of Fractures

Separate read from DXA

Can eliminate additional spine films

33



Vertebral Fracture Assessment (VFA)
The thoracolumbar spine is imaged to 

detect vertebral fractures using DXA.

Lateral images are obtained

at time of DXA testing.

Allows integration of BMD with 

presence of vertebral fracture for diagnosis, 

fracture risk assessment and patient management.



Lateral Positioning
Hologic

C & W Models
SL & A Models 

(Rotating Gantry)





GE Lunar Report



Hologic 
Report



New 
Formats
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VFA
Morphometry of Vertebrae

Detection of Fractures

Separate read from DXA

Can eliminate additional spine 
films

40





GE Lunar Report



Hologic 
Report



Orthopedic Analysis™

Orthopedic Analysis™

Hip prostheses, metal fastenings, 
and other artifacts are easily 
excluded from the analysis region 
for accurate bone density results. 

44

http://www.gemedicalsystemseurope.com



Atypical Femur Fracture Scan



SE Femur
This scan is performed when a patient has been on an Osteoporosis therapy for a very long 
period and the patient is having femur pain.

This is done to detect Atypical Femur Fracture a side effect of bisphosphonates.

The atypical femur fracture is detected by a beaking sign.

If not taken care of a traumatic fracture may occur.



Beaking Not taken 
care of

OH NO !!!



SE Femur Image Viewer
The image appears in the SE Femur Image Viewer.

The Viewer allows the operator to view the SE Femur image.

There are controls on the Viewer to change viewing modes,

zoom, adjust the brightness and contrast of the image, place

Rulers and print a report or image.

Visual Assessment
Visually inspect the image for deformity1 2 3 particularly along

the lateral cortex from the lesser trochanter to the supracondyal

flare. Look for focal reaction or thickening along the

lateralcortex, which may be accompanied by a transverse

radiolucent line. Use the visual tools to increase magnification

and adjust the contrast as the changes in the lateral cortex may 

be

subtle.



IVA with 
BMD





The Lateral IVA Scan
The activities involved in performing the Lateral IVA Scan

include:

• Confirming Scan parameters for Lateral IVA Scan

• Performing the Lateral IVA Scan

• Using the IVA Image Viewer for the Lateral IVA Scan

Confirming Scan Parameters for Lateral IVA Scan
After the Lateral BMD scan is complete, the scan parameter

screen for the Lateral IVA (f SE Lateral Image) will appear.

The only scan parameter for the Lateral IVA that can be 

modified

is the scan length. The scan length is 16.1 inches (40.8 cm).









Orthopedic Analysis™

Orthopedic Analysis™

Hip prostheses, metal fastenings, and 
other artifacts are easily excluded from 
the analysis region for accurate bone 
density results. 

55

http://www.gemedicalsystemseurope.com



Trabecular Bone Score (TBS)

TBS iNsight is a software provided for use as a complement to a DXA analysis. 
It computes the antero-posterior spine DXA examination file and calculates a 
score (Trabecular Bone Score - TBS) that is compared to those of the age-
matched controls.

TBS is a gray-level textural metric that can be extracted from the two-
dimensional lumbar spine dual-energy X-ray absorptiometry (DXA) image.

TBS is related to bone microarchitecture and provides skeletal information 
that is not captured from the standard bone mineral density (BMD) 
measurement.



TBS Findings

TBS gives lower values in postmenopausal women and in men with previous fragility 
fractures than their nonfractured counterparts.

TBS is complementary to data available by lumbar spine DXA measurements.

TBS results are lower in women who have sustained a fragility fracture but in whom 
DXA does not indicate osteoporosis or even osteopenia.

TBS predicts fracture risk as well as lumbar spine BMD measurements in 
postmenopausal women.

TBS is associated with fracture risk in individuals with conditions related to reduced 
bone mass or bone quality.











TBS can now be 
applied to FRAX.



3D DXA

3D-SHAPER is a software application 
that registers a 3D statistical model 
onto the hip DXA scan of the patient 
and uses a model-based algorithm to 
create a 3D map of the cortical 
surface density. It allows clinicians to 
assess the cortical and trabecular 
macrostructure in 3D from a 
standard hip DXA scan.



3D DXA

Incorporates a statistical model built from a 
database of quantitative computed 
tomography scans.

Registers the statistical model onto the DXA 
projection of the patient. The algorithm 
maximizes the similarity between the 
projection of the model and the DXA image

Estimates the cortical thickness and density by 
the fitting a mathematical function onto the 
density profiles measured along the normal 
vector at each vertex of the femoral shape







+

https://3ddxa.net/wp-content/uploads/2016/10/report-example-1-773x1080.png
https://3ddxa.net/wp-content/uploads/2016/10/report-example-1-773x1080.png


Hip Structure Analysis
(HSA)

Hip Axis Length (HAL)

Geometric measurements might be used together 
with densitometric evaluations for a better 
assessment of hip fracture risk 

Measures length and angle of hip axis 
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HSA

As HAL increases, fracture risk increases

Each centimeter (10%) increase in Hip Axis length 
(HAL) increases hip fracture by 50-80% depending on 
the study
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Used forearm protocol.

You can use other protocol 
to examine other skeletal 
areas.  You just won’t get a 
T-Score



Normal Heel

Heel Bone Spur

Sign of Previous 
trauma to Ankle


