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 We have a full couple of days ahead of us
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 Osteoporosis is an inevitable part of 
aging

 Only older women get osteoporosis

 Only Caucasian women get osteoporosis

 Osteoporosis is not very common
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www.nof.org

 Osteoporosis is not a serious or deadly 
condition

 Medical costs from osteoporosis are not high

 If I had osteoporosis, I would know it

 Once I have osteoporosis, there is nothing I 
can do about it

5

 Disease characterized by low bone mass 
and structural deterioration of bone 
tissue

 Bone fragility 
 Increased susceptibility to fractures of the 

hip, spine, and wrist. 
 “Porous bone”

6
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Most Common Osteoporotic Fractures

•Colles’ Fracture

•Thoracic and Lumbar Vertebrae

•Proximal femur

8

 Most common injury to the 
wrist are the fractures of the 
distal radius and ulna 

 A Colle’s fracture involves 
the distal radius and ulna 
with posterior displacement 
of the distal portions and 
the carpal bones

 Secondary to a fall  
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 Vertebral fractures more 
commonly occur 
spontaneously or as the result 
of minimal trauma resulting 
from spinal loading during 
day-to-day activities, such as 
bending forward, lifting 
objects, and climbing stairs1,2,3
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Information courtesy of Kyphon, Inc.

 The most common locations are the 
midthoracic region (T7–T8) and the 
thoracolumbar junction (T12–L1)1 

 Correspond to the most mechanically 
compromised regions of the spine

 Midthoracic region–thoracic kyphosis 
is most pronounced and loading 
during flexion is heightened

 Thoracolumbar junction–the relatively 
rigid thoracic spine connects to the 
more freely mobile lumbar segments2

11
12

Wedge Biconcave Crush

• Wedge fractures are most common
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 Often asymptomatic

 Pain ranges from mild to severe and chronic, 
but may disappear over several weeks

 Because of the complex etiology of back 
pain, osteoporotic fractures may not be 
suspected or considered, even in the 
presence of severe back pain not 
attributable to any other cause

13

 The height loss associated with vertebral 
fracture is gradual 

 Radiographic assessments can be 
inconsistent since there is often no clear 
definition or separation between fracture and 
non-fracture

 Decreased BMD is associated with increased 
risk of vertebral fracture

14

 How much height are you 
allowed to lose as normal 
aging?

 Where does this height loss 
come from?

 When is height loss 
considered significant for 
your patients?

15

 Are you measuring it?
 How are you doing it?
 A Stadiometer is the 

most accurate device

16

 Most common injury by 
far in the pelvis / hip 
area is the fractured neck 
of femur (NOF). 

 Typically caused by 
bearing weight not a fall
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Some you can control, some you cannot

18
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 Your Gender 
◦ Women have less bone tissue and lose bone more 

rapidly than men because of the changes involved 
in menopause

 Age –
◦ the older you are, the greater your risk of 

osteoporosis
◦ Bones lose mass or hardness as you age for 

varying reasons

19

 Family history –
◦ Fracture risk may be hereditary 
◦ Osteoporosis is hereditary as well

 Body size –
◦ Small, thin-boned women are at greater risk

 Ethnicity –
◦ The fairer the skin, the less inherent skeletal 

mass

20

 Lack of weight 
bearing exercise

 Diet deficient in 
Calcium and vitamin 
D

21

 Cigarette smoking
◦ Negates the effects of 

estrogen
 Natural or supplemental
◦ Smokers tend to go 

through menopause 2 
years earlier than 
nonsmokers
◦ Smokers tend to be 

sedentary
◦ More rapid loss of 

trabecular bone mass

22

 Deficiencies in Sex hormones: 
◦ Low estrogen level (menopause)
◦ Low testosterone level in males
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 Excessive use of alcohol
◦ Moderate intake is 

considered 2 drinks per day
◦ Liver damage
◦ Alcohol is toxic to 

osteoblasts
◦ An inebriated person is 

more likely to fall

24
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 Juvenile

 Primary 

 Secondary

25

 Osteoporosis is rare among children and 
adolescents

 Causes
◦ Typically a secondary form of osteoporosis
 Underlying medical disorder 
 Medications used to treat a medical disorder 

 Could be Idiopathic Juvenile Osteoporosis
(IJO).

26

 There may not be any 
symptoms

 Lower back, hip, and foot pain

 Physical deformities 
◦ Abnormal curvature of the thoracic 

spine (kyphosis)
◦ Loss of height
◦ Sunken chest 
◦ Limp 
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 May not occur until the child has 
a broken bone

 Medical history is important

 Physical examination

 Diagnostic procedures may 
include: 
◦ Skeletal x-rays
◦ Bone density testing 
◦ Blood tests (to measure serum 

calcium and potassium levels) 

28

 9 out 10 teenage girls 
and 7 out of 10 teenage 
boys do not get enough 
dietary calcium

29

 Consumption of soft 
drinks

 Low body weight 
secondary to poor body 
image

 Lack of weight bearing 
exercise

 Smoking
 Drinking
 Birth control

30
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 Two Types
◦ Type I - Bone loss 

following 
menopause

◦ Type II - Related to 
the aging process  
(Senile Osteoporosis 

) 

31

 Postmenopausal women are 
the most susceptible to 
primary osteoporosis with an 
estimated 32% of these 
women developing the 
disease. 

 Occurs in females
 Decrease in estrogen levels

32

 “High turnover”
 Postmenopausal females 

ages 50-65
 Significant reduction in 

trabecular or cancellous 
bone

 Vertebral and wrist 
fractures

33

 “Low turnover or “senile” 
osteoporosis

 Age >65
 Males begin to become 

affected at this stage
 Age-related decline in 

the function of the 
osteoblastic cells

34

 Loss of cortical bone as 
well as trabecular

 Hip fractures begin

35

 Caused by a “secondary 
type of factor”
◦ Disease process
◦ Surgery which affects the 

endocrine system
◦ Medication

36
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We’ll look at medical 
conditions which 
can increase a 
patient’s risk of 
osteoporosis.

37 38

Most common risk factors1

Oral glucocorticoid use

Early menopause

Unintentional weight loss 
and malnutrition

Other factors

36%

20%
10%

34%

1. Tannenbaum C et al. J Clin Endocrin Metab. 2002;87:4431–4437.
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 A collection of glands that secrete chemical 
messages we call hormones directly into 
the blood stream. 

 These signals are passed through the 
blood to arrive at a target organ, which has 
cells possessing the appropriate receptor. 

 Are predominantly driven by the pituitary 
gland

 Can affect bone mass by over or under 
secretion of vital hormones

40

 Hormonal disorder 
 Pituitary gland produces 

excess growth hormone 
(GH). 

 Most commonly affects 
middle-aged adults and 
can result in serious 
illness and premature 
death. 

41

 Cushing’s Disease
 Addison’s Disease

42
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 Hyperadrenocorticism

 Production of excessive 
adrenal hormone, in 
particular 
corticosteroids

 Occurs
◦ Naturally 
◦ Iatrogenic 

43

 Severe or total 
deficiency of the 
hormones made in the 
adrenal cortex

 Loss of adrenal function
 Adrenal cancer
 Pituitary adenoma
 Chronic infection
◦ Tuberculosis
◦ AIDS

44

Addison's sufferer John F. Kennedy.
Notice the far thinner face
of his brother Robert, behind him.

 Can lead to an increase in 
blood glucose levels

 Increased blood glucose 
stimulates osteoclastic 
action

 Can be confused with PVD 
related to foot fractures

45

 Under or over 
suppression of thyroid

 Surgical changes
 Ablation of thyroid 

gland
 Medication levels

46

 The parathyroid glands 
secrete parathyroid hormone 
(PTH)

 PTH regulates release of the 
calcium from bone, 
absorption of calcium in the 
intestine, and excretion of 
calcium in the urine.  

47

 Parathyroid glands secrete excessive PTH

 Serum calcium rises-Hypercalcemia

 85 percent of hyperparathyroidism is caused 
by an adenoma on one of the parathyroid 
glands, causing it to become overactive

 Rarely hyperparathyroidism is caused by 
cancer of a parathyroid gland. 

48
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 Leads to significant loss 
of cortical bone

 Surgical treatment is 
necessary to remove 
diseased glands

 BMD will stabilize about 
12 months post op

49

 Function of liver?
 Liver failure
 History of hepatitis
 History of alcohol abuse

50

 Decreased caloric intake

 Decreased absorption of 
nutrients

 Can lead to bone loss

51

 “OI” or “Brittle bone 
disorder”

 Genetic disorder 

 Less collagen than 
normal, or a poorer 
quality of collagen than 
normal

52

 Appearance

◦ Short stature
◦ Sclera have a blue, purple, 

or gray tint
◦ Loose joints and poor 

muscle development in 
arms and legs 
◦ Brittle teeth 
◦ Hearing loss

53

◦ Irritable Bowel 
Disease

◦ Crohn’s
Disease

◦ Sprue

54
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 Crohn’s Disease 
◦ can occur anywhere along the digestive tract 

from the mouth to the anus

 Ulcerative Colitis 
◦ Typically the large intestine is the only site 

affected

◦ In some people  the terminal ileum may also 
show inflammation

55

“Sometimes the treatment 
is worse than the cure”

 Surgical removal of 
diseased portions of 
bowel

 Glucocorticoid therapy

56

 Also known as Celiac Disease
 Genetic, inheritable immunologic disease 

which interferes with the digestion process 
of gluten products 

 When a celiac person eats foods that 
contain gluten, the immune system 
responds by damaging the villi in the small 
intestine. 

 Gluten can be found in wheat, rye, barley, 
and possibly oats. 

57

 May present in male or 
females

 Decreased body fat 
levels

 Did patient reach their 
peak BMD?

58

 Patients with anorexia 
often produce 
excessive amounts of 
Cortisol 

 There can also be a 
decrease in the 
production of growth 
hormone and other 
growth factors

 Calcium deficiency

59

 Kidneys are gatekeepers for 
calcium levels 

 Patients may be on dialysis

 Patients may be transplant 
patients as well

 Patients will show a 
decrease in both trabecular 
and cortical bone mass

60
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 Corticosteroids 
◦ Used for a multitude of 

diseases
◦ Users of oral glucocorticoids 

have a 2.6-fold increase risk of 
fracture

 Immunosuppressive agents

 Excessive thyroid 
medication

61

 Seizure medications
◦ Lithium, Dilantin

 Anticoagulants
◦ Coumadin, Warfarin, Heparin

62

 Nov. 18, 2004
 FDA added a "black box" 

warning to Depo-Provera 
stating that prolonged use of 
the injectable contraceptive 
may result in the loss of bone 
density.

 The black box warning is the 
strongest warning the FDA 
issues on drugs.

63

 The warning states prolonged use of the 
drug may result in significant loss of bone 
density and that the loss is greater the 
longer the drug is used

 It is also stated that loss of bone density 
associated with use of Depo-Provera may 
not be completely reversible after 
discontinuation of the drug

 Warning states that a woman should only 
use Depo-Provera as a long-term birth 
control method if other birth control 
methods are inadequate for her

64

 Why does Depo affect 
BMD?

 This medication 
reduces serum estrogen 
levels and is associated 
with a significant 
reduction in BMD as 
bone metabolism 
adjusts to the lower 
estrogen levels

65

 Depo is not recommended 
for long term use and 
especially not for young 
women building their peak 
bone mass

 Women on Depo are 
advised to exercise and 
take in plenty of calcium

66
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 It is recommended patients have a BMD test if 
they have been on Depo for more than 2 
years

 After the last Depo injection, it can take over 
6 months for the medication to clear the body

67 68

 Decrease in 
testosterone levels

 Inactivity
 Poor diet
 Decreased absorption of 

dietary calcium
 Disease processes
 Medications
 Lifestyle issues

69

 Males have a higher peak 
bone mass

 Bone loss occurs later in life

 Don’t go through 
menopause

 Treatment options can vary

70

71

General and 
disease-specific 

anxiety

Diminished 
self-esteem

Depression

Overall 
worsened 

quality of life 
Osteoporosis

Increased 
dependency 

on others

• Most common device used to 
measure BMD

ISCD’s position statement clip:

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. –

See more at: http://www.iscd.org/official-positions/2013-iscd-official-
positions-adult/#sthash.2UQVQFrm.dpufMost 
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 Support and protect body 

 Movement

 Hemopoietic factory:
◦ RBCs
◦ WBCs

 Storage facility for 
Calcium

73

 It’s a matrix
 Made up of:
◦ Osteocytes
◦ Calcium salts
◦ Collagen

74

 Combination of strength and 
flexibility

 65% mineral salts for 
strength
◦ Calcium and phosphate

 35% protein for strength and 
flexibility
◦ Protein (collagen)

75

 Osteoblasts
◦ Build bone

 Osteoclasts
◦ Resorption of bone

 Osteocytes
◦ Maintenance

76

 Approximately 206 bones
 Bones united by ligaments
 Has two major divisions
◦ May vary slightly according to 

reference
◦ Axial Skeleton
◦ Appendicular Skeleton

77 78
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 Body or shaft (Diaphysis)
◦ Long part of bone
◦ Helps bear weight
◦ Predominantly Compact bone

 Medullary cavity
◦ Hollow cavity inside body
◦ Houses marrow

80

 Cortical Bone

 Trabecular Bone

81

 “Compact bone”
 Shell on the bone
 Supports weight
 Allows flexibility
 Protection
 80% of skeletal mass
 20% of bone metabolism

82

 Spongy or cancellous bone
 Serves an important 

metabolic function as the 
body’s main calcium 
storage. 

 Adds strength without 
excessive weight

83

 20% of skeletal mass

 80% of bone metabolism

84
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 Previously BMD measurements were 
performed with SPA, DPA, and QCT

 Developed because there were no national 
policies on DXA measurements

 Became effective July 1, 1998 to Provide for 
Uniform Coverage of Bone Mass 
Measurements

91

 Bone mass measurement is:
◦ a radiologic, radioisotopic, or other procedure 

approved by the FDA 
◦ for the purpose of Identifying bone mass
◦ detecting bone loss
◦ interpreting bone quality in a “qualified individual.” 

92

 An estrogen deficient women at clinical risk 
of osteoporosis as determined by a 
physician or qualified nonphysician 
practitioner based on her medical history 
and other findings 

 Person with vertebral abnormalities as 
demonstrated by x-ray to be indicative of 
osteoporosis, osteopenia, or vertebral 
fracture 

 Person receiving or expecting to receive 
long-term glucocorticoid (steroid) therapy 
◦ equivalent to 7.5mg or greater of prednisone per 

day for > 3 months

93

 Person with primary hyperparathyroidism 

 Person being monitored to assess the 
response to or efficacy of an FDA-
approved osteoporosis therapy. 
◦ Follow-up will be limited to one test every 2 

years.
◦ Peripheral and central site measurement are 

acceptable and reimbursable
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 Coverage of follow-up bone mass 
measurements is generally limited to one 
measurement every 2 years

 When medically necessary, more frequent 
follow-up measurements may be permitted

95

 252.00-252.08 
◦ Hyperparathyroidism

 255.0 
◦ Cushing's Syndrome

 256.2
◦ Postablative ovarian failure (ovarian failure: iatrogenic, 

postirradiation, postsurgical)
 256.31
◦ Premature menopause

 256.39 
◦ Other ovarian failure (delayed menarche, ovarian 

hypofunction, primary ovarian failure NOS)

96



17

 257.1
◦ Postablative testicular hypofunction (testicular 

hypofunction: iatrogenic, postirradiation, 
postsurgical)

 257.2 
◦ Other testicular hypofunction

 733.00-733.09 
◦ Osteoporosis codes

 733.10-733.19 
◦ Pathologic fracture (spontaneous fracture) [-acute 

or ongoing]

97

 I gave you just a few
 Be careful your patients aren’t referred to you 

with just osteoporosis codes (733.0)
 This could prevent reimbursement if your 

patient’s results are negative for osteoporosis
 Advise your referral facilities appropriately

98

 77078-CT bone mineral density
◦ one or more sites 

 77080-Central DXA
◦ one or more sites

 77081-Peripheral DXA
◦ one or more sites

 76977-US bone density measurement
◦ any site 

99
10
0

 Screening
 Diagnosis
 Monitoring therapy
 Research
 The deeper you get the more you must know 

and the greater your liability

10
1

 “GCP”
 Provides private practice patient with safe 

guards
 Helps set the “standard of care for BMD 

patient”

10
2
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 Reasons for GCP
 Allows formation of audit trail
◦ Documentation which allow reconstruction of 

course of events
 Scenario:
◦ 2 years post baseline, patient returns for follow-up 

DXA.  Clinic now has new technologist and new 
reporting MD

10
3

 Baseline scans
 Electronic scan archives
 Printouts for exact positioning, scanning, ROI 

placement
 Notes of any adaptations made
 Copy of baseline report and who received it

10
4

Scan log (yes, you need one)
 Patient data
 Scan date and electronic file name
 Sites measured
 Variations in scans
 Reasons for repeats/reanalysis
 Name of technologist and MD

10
5

 Create questionnaire for patient
 Work with MDs and technologists for easy 

format
 Options for completion:
◦ By patient (mail if possible)
◦ By technologist at appointment

10
6

 Can be secured from manufacturers
 Can be secured from websites
◦ ISCD
◦ NOF

 Can be developed by your staff and MDs
 Make it user friendly

10
7

10
8
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 Your facility may not utilize a patient chart
 If so, include the following:
◦ Scan printouts
◦ Reports
◦ Documentation of serial measurements
◦ Questionnaires
◦ Technical records to be used for serial scanning

10
9

 All entries into chart must be legible, dated 
and signed

 NO WHITE OUT IN A CHART
 Any changes or errors must be crossed out 

and initialed

11
0

 Can be a sticky subject
 Know your boundaries as per the protocols of 

your facility
 How much can you say?
 What topics?
◦ Generic information
◦ Handouts prepared in-house
◦ Handouts from commercial sources

11
1

Delegates authority to technologists but 
accepts final responsibility for:

 Monitoring imaging
 Ensure proper communications with staff
 Ensure proper communications with referring 

MDs

11
2

 Ensure quality of staff
 Ensure scan quality
 Ensure proper record-

keeping

11
3

 Train staff properly
 Follow confidentiality rules-HIPAA
 Limit staff access to information
◦ Be cautious of who can access your patient data 

base
 Do not discuss patients outside of facility

11
4
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 When recruiting your technical staff be aware 
of the rules of the state as to credentialing

 Qualifications:
◦ Computer literacy
◦ Knowledge of anatomy
◦ Attention to detail
◦ Respect for radiation safety
◦ Communication skills

11
5

 Scheduling Protocol for facility
 Patient check list
◦ Attire
◦ Preparation for exam
◦ Recent studies which may interfere with DXA
◦ Prior radiographs
◦ Insurance/questionnaire

11
6

11
7

How it’s done

11
8

 Are you using one in your facility?

 What is important to ask?

11
9

 African American female weighing 110#, 70 
inches tall

 History of intermittent steroid use
 Rheumatoid arthritis
 Chemotherapy at age 45 lead to ovarian 

failure
 Lack of hormone replacement therapy
 Father had osteoporosis

12
0
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 Caucasian Male patient aged 65
 Weight 170 pounds, 72 inches tall
 History of prostate cancer with radiation 

therapy to lesion
 Medications include: prednisone 25 mg daily 

for last 4 month, Dilantin, Lasix

12
1

 Allows tech to build rapport with patient
 Provides vital information to tech to assist 

with more efficient scanning
◦ How?

 Necessary to assist MD with analysis of data 
and provides a more accurate report 
generation process

12
2

 Make it technologist and MD friendly
 Personnel should be able to readily move 

through information
◦ Allows tech to enter data quickly prior to BMD 

measurement
◦ Allows MD to find information for report process

12
3

 Patient identification information 
◦ Tech friendly
◦ Height and weight
◦ Ethnicity
◦ Age or date of birth
◦ Male vs. female

12
4

 Previous diagnosis of decreased BMD
◦ Previous BMD measurements other than your 

facility
◦ Types of measurements
◦ Bone loss areas
 Spine
 Hip
 Forearm

12
5

 Family hx of decreased BMD
 Fractures as an adult
◦ Spine
◦ Hip 
◦ Distal forearm

 Weight bearing exercise

12
6
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 Alcohol/cigarette usage
 Menstrual history
 Hysterectomy? Oopherectomy?

12
7

 Treatment history
◦ Calcium/Vitamin D
◦ Antiresorptive therapy
◦ Hormone replacement therapy
◦ Be sure to provide length of 

therapy
◦ Make notes of compliance 

with therapy
◦ Treatment vs. prevention 

dosages

12
8

 Fall history
◦ Documentation of complaints of dizziness or 

meds which increase dizziness
 Clinical observations
◦ Evidence of kyphosis
◦ MD might not see patient

12
9

 Medical Conditions or 
Lifestyle factors which 
affect BMD

 Medications which decrease 
BMD

 Use the things we 
discussed prior as your 
guide

13
0

Methods of Measuring 
Bone Mineral Density

13
1

 Radiographic Absorptiometry (RA)
 Single X-ray Absorptiometry (SXA)
 Dual X-ray Absorptiometry (DXA)
 Quantitative Computed Tomography (QCT)
 Quantitative Ultrasound (QUS)

13
2
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 Art and science of measuring bone mineral 
content and density of skeletal sites.

 Measures bone hardness
 Does not evaluate patient for fractures
 Does not evaluate patient for pathology

13
3

 Subtraction technique
◦ Measures bone and soft 

tissue
◦ Removes soft tissue from 

measurement
◦ Will measure body fat

13
4

 Images are for confirmation of scan sites only
◦ “Image not for diagnosis”

13
5

 DXA requires more specific training
◦ Three manufacturers
◦ Specific software for scanning process

 Lower radiation dose than radiography
◦ One site measurement is approximately 1/10th of a 

One-View CXR

13
6

 1920s- Films were visually assessed for 
Osteoporotic changes

13
7

 Radiographic Absorptiometry  (RA) 
began

 1960s-Radiogrammetry was 
utilized to measure bone loss in 
Astronauts

13
8
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13
9

 1970s
◦ Quantitative Computed Tomography (QCT) began

 70s and 80s
◦ SPA and DPA

 1987-First DXA Scanner
 1990s-Technology is Rapidly Changing
 Late 1990-2000
◦ ARRT develops BMD registry

14
0

 Quantitate bone mass
 Predict fracture risk
 Monitor the effects of the disease process
 Monitor the effects of the therapeutic process

14
1

 Too low of body mass index
 Severe scoliosis or kyphosis
 Pregnancy
 Examinations which could interfere with 

measurement
◦ Nuclear Medicine
◦ Barium Exams

14
2

 There is a source of Energy
◦ Radiation from Isotope Source
◦ Radiation from Radiographic Tube
◦ Dual Beam in a DXA System
◦ CT Fan Beam
◦ Ultrasound beam

14
3

 Source of energy passes through bony 
anatomy to be measured

 Detector of System measures the Remnant 
Energy striking detector

 System interprets less energy received to be 
perceived as denser bone (except for US 
measurements-later in lecture)

14
4
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14
5

 Table padding
◦ Markings for positioning

 Scan Arm
 Radiographic tube
 Control panel 
◦ Some manufacturers 

control laser light at table 
side
◦ Know where emergency 

stop button is located

14
6

 Radiographic tube is 
under the table

 Produces a PA 
projection

 Sends remnant radiation 
to detector system

14
7

 One detector
◦ Pencil beam system

 Dual detector system
◦ GE Lunar systems uses two 

detectors
 Array of detectors
◦ Fan-beam system has a 

row of detectors

14
8

 Used by Hologic systems
 Eliminates use of rice 

bags
 Constantly calibrates 

system during scanning:
◦ Soft tissue
◦ Bone
◦ Air artifacts

14
9

 Began in Nuclear Medicine in 1970-80s
 Utilized a radioactive source for source of 

Radiation
 Single Photon Absorptiometry (SPA)
 Dual Photon Absorptiometry (DPA)

15
0
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 Utilized a 150-800 mCi source of I-125
 Energy ranges from 27-35 keV
 NaI detector system
 Obsolete system

15
1

 Can only study a thin body 
part
◦ Calcaneous
◦ Mid and Distal Radius

 Must be uniform thickness 
of bone and soft tissue
◦ Water bath
◦ Tissue Equivalent gel bag

 Scan time of 10 minutes

15
2

 Utilizes a Gadolinium-153 
source

 Two energy peaks 
◦ 44 and 100 keV

 NaI detector system

15
3

 Measures thicker body parts
◦ Total Body
◦ PA Spine
◦ Femur

 Scan times of 30 minutes to 1 hour

15
4

 Variability of Source
 Source decay
◦ Measurement values increase 

0.6% per month
 Must purchase new source
◦ $5,000 per year for new 

source
◦ Measure values decrease 

6.2%

15
5

15
6
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 Replaces radioactive source 
with radiographic tube

 Utilizes a filtered X-ray 
spectrum

 Single energy photon a 
single detector

 The radius and ulna or the 
calcaneus are measured 

15
7

 Data is sampled at two 
energies

 Soft tissue attenuation can 
be mathematically 
eliminated 

 The remaining attenuation is 
due to the amount of bone 
present

 You may tell the machine to 
subtract bone or soft tissue 
from measurement 

15
8

 It is necessary to produce two intensities of 
radiation in order to separate bone from soft 
tissue

 THE DUAL BEAM
◦ Mimics Gadolinium source in DPA
◦ Switching Kilovoltage
◦ K-Edge or Rare Earth Filtration System
◦ Remnant beam feeds into detectors which feed into 

Silicon diodes

15
9

 Hologic System
 Two x-ray beams
 70 and 140 kVp
 Switch back and forth
 Two detectors
 Manufacturer determines detector type
◦ Cadmium Tungstate

16
0

Older model
Discovery new

16
1

Continuous spectrum from an X-ray tube. High- and low-energy spectra 
from a KV switching system.

 Produces dual beam
◦ Cerium Filter 40 and 70 keV
◦ Samarium Filter 45 and 80 keV

 Have two detector systems for low and high 
energy

 Sodium Iodide Detectors

16
2
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16
3

Continuous spectrum from an X-ray tube
in DXA.

K-Edge Filtered beam in DXA

 GE Lunar 

 Norland System

16
4

Lunar iDXA – research grade
Lunar Prodigy 

16
5

 Two Dimensional Projected Measurement
 Bone Mineral Content (BMC) in grams
 Area Measured (Area) in cm2

 BMC=BMD X Area
 BMD=BMC/Area
 DXA Measurement is grams/cm2

16
6

 Pencil Beam
◦ Began in Nuclear Medicine
◦ All scanners began as pencil beam

 Fan Beam
◦ Mimics CT Fan Beam

16
7

16
8
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16
9

 Magnification
 What affects magnification in radiography?
◦ SID (Source interceptor distance)
 Fixed at 42” in DXA
◦ OID (Object interceptor distance)
 Can vary upon anatomy measured and positioning

17
0

17
1

 Magnification (top)
 Area measured and BMC 

are influenced by 
magnification to the same 
degree

 BMD is not significantly 
affected by mag 

17
2

 Parallax errors (bottom)
 Beam is not directly 

passing through anatomy
 Positioning is vital
◦ Place patient directly 
in center of scan 
field to place them 
between source and 
detector

17
3

 PA Lumbar Spine
 Proximal Femur
 Distal Forearm

17
4
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17
5

17
6

17
7

17
8

 Patient is positioned just like imaging of the 
lumbar spine

 A scanogram is done to evaluate which 
vertebrae are to be measured

 Selected vertebrae are imaged

17
9

18
0
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 Selected vertebrae have an ROI placed in the 
middle of the vertebral body

 Measurement is made of trabecular bone only
 Analysis produces a T and Z score in the 

same manner as DXA

18
1

 Highest radiation exposure to patient of all 
DXA procedures

 Measures purely trabecular bone
 Does not analyze the same vertebrae as for 

the DXA examination
 Expensive 

18
2

18
3

18
4

 Known as Quantitative Ultrasonography
◦ QUS

 Measures Bone Stiffness-Not Bone Mass
◦ Broadband Ultrasound Attenuation (BUA)
◦ Speed of Sound (SOS)
◦ Quantitative Index (QUI) or Stiffness

18
5

 Something new is coming 
around in research

 This information was 
posted on 
www.auntminnie.com 
recently

18
6
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18
7

This study took place in Hong Kong

Results of 1H MR spectroscopy of L3 
vertebral body in 74-year-old man with 
osteoporosis (T-score, -3.5). 

Sagittal T2-weighted MR image (3500/120) 
of lumbar spine shows positioning of the 
volume of interest for spectroscopy (white 
box) within the L3 marrow cavity.

 "Our (MRI) study results show that 
decreasing marrow perfusion and 
increasing marrow fat content accompany a 
reduction in bone density" (Radiology, 
September 2005, Vol. 236:3, pp. 945-951).

 For this prospective study, the authors used 
1.5 T MR spectroscopy and dynamic 
contrast-enhanced MRI in older men with 
varying levels of bone mineral density 
(BMD). 
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 Of 82 subjects
◦ BMD was normal in 42 subjects
◦ Osteopenic in 23
◦ Osteoporotic in 17

 Study looked a mean vertebral fat content 
 The mean line width for the lipid peak was 

32.5 Hz. The osteoporotic men had the 
highest mean value (58.23%) of vertebral fat 
content.

18
9

 Researchers looked at the correlation 
between bone density, vertebral marrow 
perfusion, and fat content. 

 The observed reduction in vertebral marrow 
perfusion in older male subjects is related to 
bone density

 Vertebral marrow fat content is related to 
bone density

19
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 Some potential reasons for this relationship. 
◦ An increase in marrow fat may represent a 

compensation for trabecular thinning
◦ Increasing fat could be compressing the 

intraosseous veins, thereby diminishing blood flow.

19
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 It is not projected that MRI will 
become a standard for 
diagnosing osteoporosis

 It does give us another non-
ionizing option to look at 
bone mass

 We’ll see what happens!!!!!!!

19
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 DXA is a minimal exposure measurement
 Beam is finely collimated
 Energy is received by a small detector
 Pencil beam vs. fan-beam
 QCT?
 US?

19
3

194

Scan time Radiation Precision
Technique (Exam time [min]) exposure (µSv) error  (%)

DXA
Spine/hip/forearm 0.5–2 (est. 5) 30–100 ~1
Whole body 5–7 (est. 10) 0.37–15 <1.0   

QCT <1–5 (8) 30–100 0.7–1.2

RA (3) 0.001 <1

QUS 1 (est. 3) 0 2

 All operators must meet the credentialing 
requirements of the Medical Radiologic 
Technologist Certification Act, Texas 
occupations Code, Chapter 601

 Non-certified operators must complete:
◦ 16 hours of equipment training 
◦ 4 hours of radiation safety training

19
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 This is significant lobbying in the state of 
Texas to move this modality to two groups of 
scanning personnel
◦ Selected candidates who have passed the Bone 

Density Equipment Operator Exam
◦ RTs with ISCD or ARRT certifications

19
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 This information comes from the ARRT 
website

 This exam is made available to state 
licensing agencies to enable them to assess 
the knowledge and cognitive skills required 
to perform DXA scans of central and 
peripheral anatomical sites. 

 Under contractual arrangement, the ARRT 
administers the examination to state 
approved candidates and provides the 
results directly to the state. 

 This examination is not associated with any 
type of certification by the ARRT. 

19
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 The BDEO exam assumes no radiography 
background and covers essential topics 
such as radiation safety and basic bone 
anatomy. 

 The BDEO examination has been offered 
since January 2003 under contract with 
states that use the exam to license 
practitioners limited to bone densitometry

 Exam consists of 60 items presented in 
eight sections

 Each state must set standard of practice for 
examinees

19
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 Provides a BMD registry for Radiographers 
who are registered by the ARRT in 
Radiography

 Requires competency tasks prior to sitting 
for exam

 Upon completion of competencies, 
candidate can sit for examination

19
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20
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 Limit number of scanning personnel
 Daily calibration and/or QC of system
 Weekly QC (not all systems will use this)
 Precision study
◦ Have you done one yet?

20
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 “looks good on paper”
◦ Not always practical in today’s world

 Try to match tech to machine to patient
 Try to be consistent in scanning protocols by 

setting down rules for facility

20
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 Utilize some kind of consistent tool
◦ Calibration box
◦ Anthropomorphic spine phantom
◦ Step-wedge phantom

20
3

 Step-wedge

20
4
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 Anthropomorphic phantom
 Resembles anatomy which is being 

evaluated

20
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 Area measurement
◦ Bone Mineral Content (BMC)
◦ Bone Mineral Density (BMD)

 BMD is plotted on QA graph
 This BMD should fall +/- 1.5 % of established 

BMD of system

20
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 What do you do with this information?
◦ Print the QC scan
◦ Check this printout 
◦ Initial or sign off on it
◦ Place in QC book for facility
◦ These steps document you are visualizing your QC 

Scan and not just running them to get going on 
your day.

20
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 “Wakes up the machine”
 Verifies and evaluates:
◦ Internal machine mechanics
◦ Electronics of scan table
◦ Function of laser light
◦ Detector system for the dual beam
◦ CV for the scan

20
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21
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 Machine is brought to facility
 Taken out of boxes and assembled
 Baseline scans are performed
◦ Typically 10 phantom scans without repositioning 

phantom
◦ Scans are averaged to produce a mean
◦ Range of performance or CV is calculated from 

mean
◦ Data is entered by engineer into system

21
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 Operators
 The patient
 Machine performance or fluctuation
◦ Changes in phantom measurements

21
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BMD can vary due to:
 Site measured
◦ PA Lumbar
◦ Hip
◦ Forearm

21
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 Type of densitometer
◦ Manufacturer
◦ Model of machine
◦ Age of Software

 Operator
◦ Experienced vs. Inexperienced

 Method of measurement
◦ RA, DXA, QCT, QUS

21
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 What is accuracy?
◦ When does it occur?
◦ How is it affected?

 What is precision?
◦ When does it occur?
◦ How do we measure it?

21
6
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 Does the BMD measurement produced by 
your machine reflect the true value of your 
patient’s BMD

 Or-”Do you have what we say you have?
 Would it match results from a core biopsy of 

your patient?

21
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 Provides amount of BMD for region 
 Allows us to assign
◦ T-Score
◦ Z-Score

21
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 Occurs first time you measure a patient’s 
BMD

 We assign a classification of BMD
 Is affected by: 
◦ Type of device
◦ Positioning of patient
◦ Patient prep
◦ Skill of technologist
◦ Analysis process

21
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 Do you ever drop the ball in 
some of these critical areas?

 Sure we do
 What can you do differently?
◦ Get some training
◦ Make changes as you grow in your 

skills
◦ Learn some more

22
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 Reproducibility of results?
 Can you duplicate the measurement the next 

time the patient comes back?
 What can you do to help achieve this goal?
◦ Look at previous scans
◦ Compare them for performing your analysis
◦ Duplicate, duplicate, duplicate

22
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 In Vitro
◦ Related to design of instrument
◦ Appropriate and timely maintenance of system
◦ Evaluated using a phantom

 In Vivo
◦ Based upon operator skills
◦ This can be more difficult to measure
◦ Uses live subjects, not a phantom

22
2
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 When patient returns for serial measurements
 Involves an in-house precision study
 Perform one in your facility prior to doing 

follow-up measurements
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 ***Make sure it is legal in your state to 
perform study with live subjects

 Document the patient has consented to be 
involved in study 
◦ Develop a document for your facility which the 

patient will sign verifying they understand the 
following:
 They will be participating in a study
 They will receive some additional exposure with 

additional scan

22
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 Yours will be a short term study
 Complete all scans within one month
 Perform a study for each area your facility 

measures
 Analyze the data to find the precision of 

positioning and analysis process

22
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 Mean
◦ Average value of a group of measurements

 Standard Deviation (SD)
◦ Standard variation or deviation from mean value

22
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 Coefficient of Variation (CV)
◦ SD as expressed as a percentage of the mean
◦ CV= 100 X (SD/Mean)

 Smaller CV, the better the precision of the 
result or value

 I.E.- a CV of 2% is better than 5%

22
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 Doesn’t the manufacturer do it?
 Can’t I use their data?
 Manufacturers uses:
◦ Phantoms or healthy individuals
◦ Highly skilled technologists

22
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 Older patients
◦ Degenerative changes
◦ Medication changes
◦ Loss of a site to measure

 Newer operators
◦ Learning the ropes
◦ Do not know all the ins and outs of machine

23
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 Prior to performing serial measurement on 
patients

 New technologist
 Changes to equipment which may affect BMD
◦ New machine
◦ New x-ray tube
◦ New software
◦ Moving a machine to new location

23
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 Within one month
 Same technologist
 Same site
◦ Perform about 30 

scans
◦ 27 patients—2 times

23
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 What if we have more than one tech?

23
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 Use precision 
calculation formula

 Use ISCD precision 
calculation software

 Study will provide basis 
to determine amount of 
change in BMD on serial 
exams to be declared 
significant

23
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 Take the precision error for the site measured 
and subtract it from the amount of BMD 
change from the previous scan

 This is your clinically significant BMD change.

23
5

If your BMD error for the system and your 
scanning personnel is:

 5% error for the L-Spine
 10% error for the Total Hip

23
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Your patient’s BMD in the L-Spine has changed 
6.5% and 15% in the Total hip since the 
previous BMD measurement

 How much of this BMD change is clinically 
significant?

23
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Patient prep and assessment

23
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 Is there a 
preparation for the 
DXA exam?

 Yes and no

23
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 Remove clothing related 
artifacts
◦ Buttons, 
◦ Snaps
◦ Plastic zippers
◦ Scuba suits

 If you don’t remove it 
there will be a surprise 
later on your image

24
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 Remove metallic foreign 
objects from the scan 
regions

 Patients can be sneaky or 
not so sneaky with these

24
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 Remove jewelry from 
wrist and hand of 
forearm which will be 
evaluated

24
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 Previous surgeries to regions to be 
evaluated

 Laminectomy
 Vertebroplasty
 Fusions
 Hip replacement

24
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24
4

24
5

24
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 Previous fractures in scan region
 Increase, decrease or not affect BMD?

24
7

24
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 How would a Vertebroplasty affect your 
measurement? Your analysis?

24
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 Shoes will affect the 
rotation of the 
proximal femur

 Will not allow for 
consistency in serial 
measurements

 Which hip do you 
measure?

25
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 History of previous hip 
fracture?

 Would this affect the 
BMD of the hip?

25
1

 Pain in hip

 “Is Arthur here?” 

25
2
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25
3

 Contrast media which 
could affect the exam 
region

25
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 Calcium, vitamins, 
medications, FBs 
which could be 
visible on the image

25
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 Potential radioactivity 
from 
radiopharmaceuticals

 Allow a minimum of 7 
days for clearance

 Would radioactivity 
increase or decrease your 
patient’s BMD 
measurement?
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 Adjust scan protocol as necessary
◦ You may need to consult the MD
◦ You may need to eliminate a region and substitute 

another 
◦ You may need to eliminate vertebrae
◦ You may need to evaluate the hip opposite the 

fracture or pain
◦ Try to get a minimum of two sites if at all possible

25
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 How many of you are 
scanning pediatric 
patients?

 How many of you have a 
pediatric data base?

 What are you doing to 
compensate?

25
8
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 Patient size can be an 
issue

 BMD measurements need a 
certain amount of soft 
tissue to analyze

 Excessive soft tissue can 
be a problem

 Which type of bone is the most prevalent in 
the human body?

 Which type of bone is responsible for the bulk 
of bone metabolism in the human body?

 Name the parts of the Axial skeleton
 Name the parts of the Appendicular skeleton

26
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 What is the function of the osteoblasts?

 What is the function of the osteoclasts?

 Why do we measure BMD in the lumbar spine 
and hip?

26
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 Name three functions of the skeleton.

 Which type of bone changes the slowest in 
the human body?

 Which type of Osteoporosis is related to 
estrogen deficiency in the female undergoing 
menopause?

26
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 Name three causes of secondary 
osteoporosis?

 Which type of bone is lost predominantly with 
Primary Osteoporosis?

 Which type of bone is lost predominantly with 
Secondary Osteoporosis?

26
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Positioning for the following exams:
 PA Lumbar Spine
 Proximal Femur
 Distal Forearm

26
4
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 Know normal anatomy of scan region
 Know abnormal anatomy or pathology of scan 

region
 Set some guidelines for your facility
 Be consistent

26
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26
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26
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26
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 Take your patient’s 
history information

 Dress your patient 
appropriately

 Enter data in system 
for scan

27
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 Advise them that the scan 
arm will move above them 
but will not strike them

 Patient must remain still 
while scans are 
performed

 They do not have to hold 
their breath-advise them 
of such

 They may talk if they do 
not move during the scan

27
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 Entry will vary slightly by manufacturer
 Includes:
◦ Name
◦ DOB
◦ Height/Weight
◦ Gender
◦ Ethnicity
◦ Patient ID number

27
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There may be an additional page of data 
related to:

 Menopausal status
 Treatment medications
 General comments
◦ History of osteoporosis
◦ Scan number ????

27
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 Scan length
◦ Can be varied slightly to accommodate taller 

patients
 Scan width
◦ Usually a smart scan which collimates to anatomy

 Dual beam
◦ 100/140 kVp

27
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 2.5 mA
 Scan time
◦ Usually maximum time the system will run for a 

measurement
 Scan Speed (will have different names)
◦ Fast
◦ Slow
◦ Array
◦ Detail

27
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27
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 Does this look like 
your scan printout?

 Can you see all you 
need to see?

 Can you change it?
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 Change your 
display to grey 
scale

 It looks more like a 
radiograph

 Healthcare 
providers are more 
comfortable with 
this image

27
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 Grey scale is more familiar
 Makes identification of anatomy easier
 Helps identify architectural/degenerative 

changes more readily
◦ Suspected compression fractures
◦ Arthritis
◦ Pathology

27
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28
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 Have patient sit on table with legs 
extended straight out

 Using positioning line in center of table, 
have patient straddle this line to place 
spine in center of table

28
2
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 Have patient lay straight back without 
shifting position

 Place arms by their sides

28
3

 Move scan arm into place
 Place positioning block or 

bolster under legs of 
patient
◦ Femurs should be at 

approximately 45-90 degree 
angle to table top
◦ (Varies by manufacturer)
◦ Adjust side of block to 

accommodate patient 
anatomy

 Have patient raise and 
lower hips to flatten spine

28
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 Using laser light align 
scan arm to patient

 Center transversely 
down MSP

 Locate ASIS for vertical 
centering

28
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 Place laser light at 
approximately 1-2 
inches below level of 
ASIS
◦ You will start in the 

middle of L-5
 Start scan process

28
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Image Evaluation:
 Begin scan in middle of L-

5
 Spine is straight in scan 

field
 Iliac crest evenly displayed 

in lower corners of image
◦ Crest will not always be 

visible on analysis screen

28
8



49

Image Evaluation:
 Spine centered to scan 

window
 Even amounts of soft 

tissue on each side of 
spine

 End scan where top of 
ribs attach to T-12
◦ Be sure to follow through to 

top of rib attachment

28
9

Analysis: 
(Manufacturer specific)
 Label vertebrae correctly
 Place intervertebral (IV) 

lines correctly
 Delete vertebrae with 

anatomical variations, 
pathology, artifacts, 
fractures

29
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Analysis: 
(Manufacturer specific)
 Fill in bone map correctly
 Align profile lines
 Finalize vertebrae to be 

analyzed

29
1

29
2

 Count from bottom up

 Look for distinct shapes 
of vertebrae

29
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 Some are visually 
placed (Hologic)
◦ Global ROI
◦ Individual ROIs

29
4
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 Some utilize a hologram to measure 
intensity of radiation for IV line placement 
(GE Lunar/Norland)

29
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 Will affect vertebral height
 Will affect area measured 

on scan
 Will affect BMD of patient
 Might not match last year’s 

area measured

29
6

 Analyze L1-L4 if possible
 The more bone you analyze, the more 

accurate your scans
 What if I can only use one or two 

vertebrae?
◦ Is this an accurate measurement?

29
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 Trace along edges of 
vertebrae

 Determine filling of 
bone map
◦ Hologic

 Define lateral edges 
of vertebral body
◦ GE Lunar

29
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 A bony map of region to be 
analyzed

 Should fill in completely with 
no gaps

 Do not alter lateral borders of 
bone map by moving global 
ROI in (collimation?)

 Bone map should be 
duplicated on serial 
measurements

29
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 Can be used to add or delete 
bone

 Delete (be careful)
◦ Osteophytes
◦ Artifacts

 To fill in bone map
◦ Move global ROI out
◦ Close profile line down

30
0
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30
1

30
2

30
3

 Can you diagnose vertebral 
fractures off of the DXA image?
◦ Yes
◦ No
◦ Maybe

30
4

 What type of bone are you 
predominantly measuring 
in the DXA of the Lumbar 
Spine?
◦ Cortical?
◦ Trabecular?

30
5

30
6
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 Patient should be in center of table
 Place hands on chest to remove from 

image field
 Shoes should be removed for 

measurements

30
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 Patients will place hands 
in your area of interest

 Carefully verify where the 
hands go even after 
you’ve placed them out of 
your field

 If using a sheet on your 
patient be especially 
careful
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 Place positioning device on table between 
feet (yes, remove shoes-this is an 
advertisement)

30
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 Invert entire leg to be scanned 15 degrees
◦ Brings femoral neck parallel to table top
◦ Best sampling of bone for accurate BMD
◦ Prevents rotation of lesser trochanter into femoral 

neck and shaft
 This will increase BMD of those areas

31
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 Place Velcro straps 
around patient’s foot

 Align femoral shaft to 
long axis of table

31
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 Start software to move scan 
arm into place

 If system uses rice bags 
(Lunar)
◦ Place them right next to patient 

to eliminate air artifacts
◦ Will also increase tissue 

thickness for better scan on thin 
patient

31
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 Center laser 
longitudinally to 
center of femoral 
shaft

 You may also locate 
bend of hip and center 
1-2” inferior

 Do not start at hip 
joint but below the 
ischium

31
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 Use your manufacturer as 
your guide

 Scan includes appropriate 
amounts of:
◦ Soft tissue below lesser 

trochanter and/or ischium
◦ Soft tissue above acetabular 

rim
◦ Bone medial to acetabulum

31
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 If you do not cover 
appropriate anatomy 
you may have gaps in 
your bone map
◦ Open global ROI larger 

to fill in
◦ If not, rescan patient

31
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 GE Lunar 
 Height- 62”
 Weight-95.0 lbs.
 Thin patient will be 

difficult to get full bone 
map at times

31
8
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 Femoral shaft parallel to table top
 Proper rotation of leg

31
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 Some lesser trochanter should be visible
 Shaft parallel to long axis of table

32
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 How do you fix these mistakes?

32
1

 Measurement of 
trabecular bone

 Selected by software-not 
operator

 Affected by rotation of 
femur

32
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32
3

 Ward’s area is placed by 
software

 Software seeks area of 
lowest BMD on femoral 
neck region

 Rod in femur is displacing 
Ward’s to move away from 
dense object

32
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 Measurement of cortical 
bone

 Angle of ROI for neck
 Angle of mid neck line
 Center line to midline of 

neck

32
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 Where the heck does it 
go?

 It is preferable to have 
soft tissue in all four 
corner of ROI

 Multiple schools of 
thought
◦ Park it high
◦ Park it low

32
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 Document changes in 
size of ROI for precision 
in follow up studies

 BE CONSISTENT

32
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 Your software might do 
this

 Allows you to remove 
the ischium from the 
neck ROI

 Be consistent on serial 
measurements

32
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33
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 Femoral shaft not 
parallel to table

 Over-rotation of femur
 Air artifact in image
 Motion from patient

33
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33
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33
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 Shaft not parallel to table 
top

 Femur abducted
 Not enough medial 

acetabular bone
 Artifact in soft tissue
◦ Pill in patient’s pocket

33
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 Modify display to grey 
scale

 Manipulate contrast 
of image to allow 
more bone detail

 Scan more anatomy 
below ischium

 Move Neck ROI down

33
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33
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 Centered too low
 Femur not parallel 

to long axis of table
 Minimal soft tissue 

above the greater 
trochanter

34
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 What type of bone are you measuring in:
◦ Femoral neck?
◦ Ward’s area?
◦ Trochanteric area?
◦ Total hip?

34
2
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 How much do you invert the femur for the 
proximal hip scan?

 Why do you invert the femur in the first 
place?

 How do you know if you’ve over-rotated the 
femur?

34
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 What will happen to the patient’s BMD 
measurement if you over-rotate the femur?
◦ Increase
◦ Decrease
◦ No effect

34
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 Will start with left femur and when complete 
software will move to approximate start of 
right femur

 These will be compared by the software in the 
analysis process

34
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 Both femurs should be 
properly positioned

 Do not have an 
excellent left hip and a 
crooked right hip

 Restart measurement 
as needed for proper 
positioning

34
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34
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34
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34
9

 This positioning varies from positioning for a 
radiograph of the forearm

35
0

 Tends to have less artifacts/architectural 
changes than spine and proximal femur

 Can be used to detect primary and secondary 
hyperparathyroidism

 Can be used for heavier patients who the 
table may not accommodate

35
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ROI % Trabecular % Cortical

Midradius 1 99

Distal Radius 20 80

8-mm Radius 25 75

5-mm Radius 40 60

Ultradistal Radius 66 34

35
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 Nondominant arm 
◦ Could be a 6-9% variation in BMC

 Arm with no previous fracture history

35
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 Some systems require measurement of the 
Ulna for scanning
◦ The ulna is used to set the % based measurements 

for analysis
◦ You may physically measure ulna
◦ Software will perform measurement during scan

35
4



60

 Place patient ’s elbow on a flat surface
 Extend forearm vertically with 5th digit toward 

their face
 Place ruler on flat surface and measure up to 

the ULNAR styloid
 Record measurement in cms for use in 

analysis

35
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 Place patient with legs parallel to long axis of 
table

 Place forearm prone on positioning device 
with support under cupped hand 

 Long axis of forearm should be parallel to 
long axis of table

35
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 Laser positioning
 Left forearm: scan starts in mid-forearm
◦ 1st row of carpal bones should be within 15 cm of 

start
 Right forearm: scan starts at 1st row of carpal 

bones

36
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 Forearm must be straight and centered in the 
scan image
◦ Long axis of forearm parallel to long axis of scan 

field
 Image includes at least one row of carpal 

bones
 Ulnar side of image contains at least enough 

air to equal the shaft width of ulna

36
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Many systems will auto-analyze your data
If not:
 Review image for appropriate criteria
 Position top of ROI to tip of styloid process
 ROI outside ulna including soft tissue
 Radius ROI border should be 10 lines lateral 

to bone edge

36
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 Top of ROI at tip of 
ulnar styloid

 ROI outside ulna 
including soft tissue

 Radius ROI border 
should be 10 lines 
lateral to bone edge

36
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 Drop perpendicular line 
between radius and ulna

 This is used for mm 
measurements if your 
software uses them

36
4

36
5

 %-based ROIs are related to overall length of 
Ulna
◦ This is regardless of whether to select the radius or 

ulna for analysis
◦ Ultradistal ROI is 4-5% of the ulnar length

 Mm-based ROIs are located on either bone at 
the point bone separation is either 5 or 8 
mm’s apart

36
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36
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36
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37
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 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 

 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

37
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37
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 New research tool 
 Mathematically predicts the ability of a femur 

to withstand a fall 

37
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Total Body BMD and Body Composition
 Weight-reduction treatment 
 Growth hormone treatment 
 Primary hyperparathyroidism 
 Secondary hyperparathyroidism 
 Anabolic steroids therapy 
 Anorexia nervosa 
 Cushing’s syndrome 
 Exercise 
 Muscular dystrophy 
 Cachexic disorders (AIDS, cancer) 
 Malabsorptive syndromes 

37
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Orthopedic Analysis™ 
 Hip prostheses, metal 

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

37
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http://www.gemedicalsystemseurope.com

37
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 Instant Vertebral Assessment
 Lateral Vertebral Assessment
 Morphometry of Vertebrae
 Detection of Fractures
 Separate read from DXA
 Can eliminate additional spine 

films

37
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 The thickness and porosity of the 
bone in the upper neck region is 
believed to be critical to maintaining 
femoral strength. 

 The upper neck demonstrates a 
more rapid age related decline than 
the standard femoral neck region, 
suggesting it may provide some 
advantage for early detection of 
osteoporosis.

37
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 Name
 DOB
 Ethnic group
 Sex
 Height
 Weight
 Patient number
 Physician name

38
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 Images of anatomy
◦ Documents region measured
◦ Placement of ROI
◦ Artifacts on image
◦ Use for serial images to assist with consistency 

in measurements

38
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 Measurement of BMD for 
ROIs
◦ Area measured
 Match areas measured on serial scans
◦ BMC
◦ BMD

38
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T-Score for each area measured
 “Young-adult measurement”
 “Young-adult Z-Score”
 Compares patient to peak bone mass 

somewhere between ages 30-42
◦ Check your printout for the T-Score range 

used by your system
 Classifies patient’s BMD status

38
4
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 Normal
◦ T-Score of -1.0 or better

 Osteopenia
◦ T-Score between -1.0 and -2.5

 Osteoporosis
◦ T-Score worse than -2.5

38
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 Severe Osteoporosis
◦ T-Score worse than -2.5 and evidence of 

fragility fractures
◦ Be careful when using this classification

38
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 Z-Score
◦ Compares patient to their peers
◦ Identifies need to look at secondary reasons for 

decrease in BMD

38
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 Bone Percentages
◦ Amount of bone patient has left compared to 

reference data

38
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 Reference graph (what the heck?)
 Make sure patient’s age is correctly 

plotted

38
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 What is the difference between a BMD 
printout and a report?

 Is there any?

39
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 Includes:
◦ Images to demonstrate 

anatomy and ROI placement
◦ Reference graph
◦ BMD measurement
◦ T-Scores
◦ Z-Scores

39
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 Includes:
◦ Indications for scan
◦ Diagnosis by MD
◦ Treatment 

recommendations if 
appropriate
◦ When the patient needs to 

be rescanned
◦ May or may not include 

images

39
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 Which of the following would expose the 
patient to the greatest amount of radiation?
◦ A DXA scan
◦ A QCT measurement
◦ A QUS measurement
◦ One Lumbar spine radiograph

39
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Let’s see what we see

39
5

39
6
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39
7

39
8

39
9

40
0

T- Score  -2.39
Z-Score  -1.89

40
1

40
2
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40
3

T-Score  -3.16

Z-Score  -2.66

Analysis #1 Data
T- Score  -2.39
Z-Score   -1.89

 Don’t be discouraged
 Live, learn and move on

40
4

40
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 See new presentation

40
6

 Used more for patients with 
secondary causes of bone loss

 Remember, secondary factors 
are tracked by a decreasing Z-
Score.

BD Registry Review-Adams
40
7

 CBC, Serum Protein Electrophoresis
◦ Used to evaluate for malignancies, Myelomas, sickle 

cell disease, anemias
 Chem 20
◦ Evaluates calcium levels, liver and renal function

 PTH
◦ Measures PTH levels, parathyroid function

BD Registry Review-Adams
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 25-Hydroxy Vitamin D
◦ Most accurate measure of vitamin D stores in the 

body.
◦ Low 25-hydroxy vitamin D levels indicate a 

deficiency in vitamin D, either from lack of 
exposure to sunlight or lack of adequate vitamin D 
in the diet. 

BD Registry Review-Adams
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 24-Hour Urine Collection
◦ Patient collects urine for 24 hours
◦ Volume of urine output is measured
◦ Assesses for renal calcium leak
◦ Assesses for protein in urine-renal disease
◦ Increased Creatinine levels-renal failure

BD Registry Review-Adams
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 Urinary N-Telopeptides
◦ Biochemical indicator of bone resorption that is 

generated as a result of osteoclastic activity on 
bone. 
◦ Can be used to assess osteoporosis therapy
◦ Also known as a “Bone Marker”

BD Registry Review-Adams
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 Total Nuclear Medicine Bone 
Scan
◦ Evaluates skeleton for increased 

metabolic activity
◦ Could indicate metabolic bone 

disease or malignancies
◦ Infection in the bone 

(Osteomyelitis)
◦ Useful in diagnosing early arthritic 

changes, and monitoring both the 
progression of the disease and the 
effectiveness of treatment. 

BD Registry Review-Adams
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Ready to go?????
Questions?

41
4
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 List two sources of Natural Radiation.

41
5

 Name two man-made products which emit 
low levels of radiation.

41
6

 List the 4 parts of the x-ray tube. 

41
7

 What type of charge does the cathode have?

 What type of charge does the anode have?

41
8

 What effects the quality or penetrating ability 
of the x-ray beam?

41
9

 What determines the quantity or amount of 
x-rays your DXA machine produces?

42
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 What does ALARA stand for?

 What does this mean?

42
1

 Name 3 ways you can protect yourself from 
excessive radiation exposure.

42
2

 Where should you wear your monitoring 
badge?

42
3

 What is the minimal distance you should be 
away from a DXA system?

 What is the recommended distance you 
should be away from a Fan-Beam System?

42
4

 How long does it take early effects of 
radiation to appear in humans?

 How long does it take for delayed effects of 
radiation to appear in humans?

42
5

 Name a body tissue which is extremely 
sensitive to radiation.

 Name a body tissue which has low sensitivity 
to radiation

42
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 Which of the following would expose the 
patient to the greatest amount of radiation?
◦ A DXA scan
◦ A QCT measurement
◦ A QUS measurement
◦ One Lumbar spine radiograph

42
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 List two sources of Natural Radiation.
◦ Cosmic
◦ Terrestrial

42
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 Name two man-made products which emit 
low levels of radiation.
◦ Cellular phones
◦ Mantels in lanterns
◦ Watch dials
◦ Smoke detectors 
◦ Airport surveillance systems

42
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 List the 4 parts of the x-ray tube. 
◦ Housing
◦ Glass envelope
◦ Cathode
◦ Anode

43
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 What type of charge does the cathode have?
◦ Negative

 What type of charge does the anode have?
◦ Positive

43
1

 What effects the quality or penetrating ability 
of the x-ray beam?
◦ kVp
◦ mAs
◦ Time of exposure

43
2
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 What determines the quantity or amount of 
x-rays your DXA machine produces?
◦ kVp
◦ mAs
◦ Time of exposure

43
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 What does ALARA stand for?
◦ As Low As Reasonably Achievable

 What does this mean?

43
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 Name 3 ways you can protect yourself from 
excessive radiation exposure
◦ Time
◦ Distance
◦ Shielding

43
5

 Where should you wear your monitoring 
badge?
◦ At the waist
◦ On top of my head
◦ At the collar
◦ On my lab coat outside the door of the DXA room

43
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 What is the minimal distance you should be 
away from a DXA system?
◦ 3 feet or one meter

 What is the recommended distance you 
should be away from a Fan-Beam System?
◦ 6 feet or two meters

43
7

 How long does it take early effects of 
radiation to appear in humans?
◦ Minutes or days

 How long does it take for delayed effects of 
radiation to appear in humans?
◦ About 6 months
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 Name a body tissue which is extremely 
sensitive to radiation.
◦ Lymph, Bone Marrow, Ovaries, Testes

 Name a body tissue which has low sensitivity 
to radiation
◦ Muscle, Brain, Spinal or Nervous

43
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