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Basics 

• October—National Breast Cancer Awareness Month Visit http://
www.nationalbreastcancer.org/breast-cancer-awareness-month  

• TSRT Annual Meeting: Fall 2022 Visit http://www.tsrt.org/ 

• National Mammography Day: October 21, 2022 

• World Osteoporosis Day: October 20, 2022 

• Remembering Wilhelm Conrad Roentgen 
127th Anniversary of the discovery of x-rays 
November 8, 1895 

• National Radiologic Technology Week: 
November 6-12, 2022 Theme: Aiming to 
Heal https://www.asrt.org/events-and-
conferences/nrtw 

• Radiological Society of North America: November 27–December 1, 2022 
RSNA Scientific Assembly and Annual meeting to be held in Chicago Visit 
www.rsna.org 

Radiology Events to Remember 

If you renew your license next year in 2023, you need to complete your 20 CE 
credits by December 31, 2022 to be compliant with current state rules. 

Even though you must complete your CE credits within the 2 preceding calendar 
years, the due date for proof of that completion is not until your biennium 
renewal due date. 

Renewing in 2023? 

Limited Scope Exam  

Limited Scope Testing (LST) provides application processing services for 
eligible students wishing to sit for the American Registry of Radiologic 
Technologists (ARRT) Limited Scope of Practice in Radiology examination and 
the Bone Densitometry Equipment Operator examination for the state of 
Tennessee. All exam results are emailed. Information is provided at 
www.limitedscopetesting.com. 

http://www.nationalbreastcancer.org/breast-cancer-awareness-month
http://www.nationalbreastcancer.org/breast-cancer-awareness-month
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https://www.asrt.org/events-and-conferences/nrtw
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1. You must obtain 20 
continuing education 
credits every biennial 
period. The easiest way to 
accomplish this is to 
subscribe to X-Ray News 
on a yearly basis. X-Ray 
News will provide 10 CE 
credits each year if 
completed timely. 

2. These credits must be 
completed in the 2 
calendar years prior to 
your renewal date i.e. by 
the end of December the 
year before you renew. If 
you renew your license 
next year in 2023, then 

you will need to complete 
your 20 CE credits by 
December 31, 2022. 

3. Your renewal period is 
every 2 years with the 
renewal date being the last 
day of your birth month. If 
you were born in an odd 
year then your renewal 
year will always fall in an 
odd year and vice versa. 

4. Be sure to keep your 
address current with the 
state so you will receive 
your notice to renew. This 
is your responsibility. The 
state does not forward 
mail. You can update 

your address online at       
www.x-raynews.com 
under TN X-Ray License 
on the top menu. Under 
the heading TN State        
X-Ray Links click on the 
link License Renewal & 
Address Update. 

A Continuing Education Publication for Limited Radiographers 

Important Facts to Remember  
About Your TN Medical X-Ray License 

X-Ray News Office and Staff 

X-Ray News Staff 

Donna Smith, editor 
Ann Watson, technical editor 
James Becker, production assistant 

X-Ray News Office 

420 E Iris Drive 
Nashville, TN 37204 
Phone: 615-292-5006; Fax: 615-292-5009 
Website: www.x-raynews.com 
Call or email us for: 
• Subscription questions 
• Submitting an article for publication 
• Placing a classified radiology ad 

All Rights Reserved 
All articles, illustrations, and other materials carried herein are 
protected under U.S. copyright laws, and all rights thereto are 
reserved by the publisher, X-Ray News, Inc. 
 

Disclaimer 
X-Ray News (XRN) has performed diligent efforts to determine 
that all content is factual, and has obtained all rights to use any 
information or excerpts in all required instances. XRN denies all 
claims of liability regarding the content, or any action taken by the 
reader’s erroneous interpretation of the content in any XRN Issue. 

is published 3 to 4 times per year  
with each issue containing 2 or 4 credits. 

 

A yearly subscription provides 10 CE credits for TN medical or osteopathic limited x-ray licensees. 
Single issues will provide the necessary credits for TN podiatric x-ray licensees. 

These CE credits are approved by the Examining Boards of the  
Tennessee Health Related Boards. 

Copyright © 2022 by X-Ray News, Inc. 

https://www.x-raynews.com
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6. Less than 1% of Americans ride 
their bike to work, while 50% of 
Copenhagen residents bike to 
work or school. 

7. Feeling stressed? Read. Getting 
lost in a book can lower levels of 
cortisol, and other unhealthy 
stress hormones, by up to 68%. 

8. Scientists have discovered 14 
genes that cause obesity and 3 
that prevent weight gain. 

9. Lemon is the most nutritionally 
powerful fruit on the planet. 

1. Laughing is good for the heart 
and can increase blood flow by 
20%. 

2. Exercise will give you more 
energy, even when you’re tired. 

3. Sitting and sleeping are great in 
moderation, but too much can 
increase your chances of an 
early death. 

4. A lack of exercise now causes as 
many deaths as smoking. 

5. Between 2000 and 2015, the 
average global life expectancy 
increased by 5 years. 

Puzzle Challenge 

X-Ray Quiz 

It does not 
matter how 

slowly you go 
as long as you 
do not stop. 

Confucius 

The words used in this puzzle are taken from the article, DR-109: Bone Densitometry Basics.  Words may read 
normally, from right to left, bottom to top, top to bottom, or on any diagonal. Solution is below. 

Puzzle Words 

adrenal 
bone 
calcium 
cortical 
densitometry 

estrogen 
hormone 
menopause 
mineral 
osteopenia 

osteoporosis 
resorption 
skeleton 
steroids 
testosterone 

2. Which parts of the femur are 
acquired in central scans? 

A. proximal femur to include iliac 
crest 

B. proximal femur to include 
entire femoral head, neck, and 
surrounding bone 

C. distal femur to include knee 
D. mid-femur 

Amazing Facts 

1. Trabecular bone is also 
known as: 

A. cortical 
B. compact 
C. dense 
D. cancellous 

3. If the total lumbar spine BMC is 69 g 
and the area is 60 cm2, the BMD is 
________. 

A. .87 g/cm2 

B. .87 g/cm3 
C. 1.15 g/cm2 
D. 1.15 mg/cm2 

1. D 
2. B 
3. C 
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 ANSWER SHEET INSTRUCTIONS  
IMPORTANT: Use ONLY a #2 pencil on the answer sheet. 
 

Write your name on the NAME line. Write in the name of the Direct Reading Article on the 
SUBJECT line. Write the DR# on the PERIOD line. 
 

In the box headed I.D. Field, print the numbers of your 
XRN ID and then also fill in the ovals directly beside 
the numbers (see example). Your XRN ID is on your 
confirmation and address label. DO NOT put your 
license number in the ID field and DO NOT fill in the 
rest of the field with zeros, leave it empty. 
 

Do not fax your Answer Sheet. 
 

Before mailing your Answer Sheet, make a copy for your files in case it gets 
lost in the mail. 
 

You need to score 75% or better to receive the approved credit. Your CE report is mailed out 
the day your answer sheet is received and graded. You are notified at that time if you did not 
receive a passing score. 

DO NOT send in your original documentation of credits when you renew your license.  
BUT be prepared to produce them if you receive an audit letter from the state’s Audit Unit. 

  
 

 

ONLINE ACCESS INSTRUCTIONS 
 

For all X-Ray News subscribers who have chosen ALL ONLINE or POST-TEST 
ONLINE subscriptions: 
 

• We automatically enroll you into X-Ray News Online, and then send you an email 
containing access instructions to your account on X-Ray News Online. 

• You are able to download the publication or read each issue online, and take the Post-
Test for each Direct Reading. NOTE: after successfully completing a Post-Test, the 
certificate of completion will be emailed to you.  

• If you already have an XRN Account with a prior subscription, each new issue will 
automatically open upon publication. 

 

If you have chosen a NO ONLINE subscription, then your Answer Sheet is 
mailed with the booklet. Please see the instructions below for using an Answer 
Sheet. 
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Jean M. Fisher, LPN, CBDT, MDXL and Donna H. Smith, BS 

Bone Densitometry Basics 
Direct Reading 

DR-109 
Approved for 

 4.0 CE Credits 

Bone densitometry is used in the diagnosis and 
management of bone loss, and densitometry operators 
should be knowledgeable of the disease process, as well 
as prevention and treatment therapies. The clinical 
setting during a densitometry scan provides a 
comfortable and informative environment that 
encourages interaction between the patient and operator. 
Patient questions regarding bone health should be 
addressed by a well-informed densitometry operator 
without implying recommendations. This article provides 
a good foundation of bone health for operators to build 
upon. 

Bone Health 

To understand bone loss diseases, it is important to 
understand how bones grow and change. Contrary to 
popular belief, bone is not a lifeless structure, but is a 
living, growing tissue. The bones of our skeleton are 
made up of an outer shell of cortical, or dense bone that 
encases an internal honeycomb-like structure of 
cancellous, or trabecular bone. The skeleton is 
composed of about 80% cortical bone and about 20% 
trabecular bone.  

Trabecular bone has a 
higher metabolic rate or 
greater bone turnover than 
cortical bone. That is why 
in densitometry we tend to 
monitor sites that are 
predominately trabecular. 
These sites tend to reflect 
the greatest bone mineral 
density (BMD) changes 
from disease processes or 
treatment intervention. 
There are some 
diseases, such as 
hyperparathyroidism, 
that may cause 
demineralization at 
predominantly cortical 
sites. The proximal 
third of the distal third 
of the forearm should 
be monitored in these 
cases. 

Function of the Skeleton 

The skeletal system serves several major functions: 

• it is the internal framework that supports and shapes 
the body,  

• it provides movement by muscle attachment, 

• it produces white and red blood cells, and platelets, 

• it protects organs such as the heart, lungs, brain, and 
other organs and 

• it stores minerals such as calcium and phosphate.  

 Bone Remodeling 

Bone is formed by producing a protein framework, which 
is mostly collagen that hardens when calcium and 
phosphorous are deposited on it. Bone strength depends 
on this mineral deposition. About 99% of the body’s 
calcium is contained in the bone and teeth. The amount of 
mineral content in bones is called the bone mineral 
content (BMC) or bone mass, while BMD or bone 
density refers to the measurement of the amount of 
minerals in a certain volume of bone. 

Bone remodeling is a lifelong, continuous process of 
removing old bone and replacing it with new bone. Bone 
remodeling consists of 2 distinct stages: resorption, 
where bone break down occurs and formation, where new 
bone is formed. During resorption the bone destroying 
cells called osteoclasts create small cavities. This is 
followed by bone formation where the bone building cells 
called osteoblasts fill the cavities with new bone. Several 
factors affect the bone remodeling rate including 
hormones, calcium, and exercise. If the bone removed by 

Fig. 1 Types of bone 

Fig. 2 Skeletal sites showing trabecular 
and cortical percentages 

Fig. 3 During the remodeling process, bone tissue is 
removed by osteoclasts, and then new bone tissue is 
formed by osteoblasts.  
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resorption is completely replaced, bone strength is 
maintained. In osteoporosis, too much bone is removed, 
too little bone is formed, or a combination of both 
occurs. This leads to a loss in the amount and strength of 
bone. 

Think of bone as a bank account where you deposit and 
withdraw bone tissue. During childhood, adolescence, 
and early adulthood, new bone is added to the skeleton 
faster than old bone is removed. As a result, the skeleton 
grows, and bones become larger, denser, and stronger. 
Peak bone mass, defined as the maximum bone density 
and strength a person can attain, is reached between 20 
and 30 years of age. After age 30, bone removal begins 
to overtake bone replacement in men and women alike. 
Thus, withdrawals exceed deposits in the bone bank. 
When bone removal occurs too quickly or replacement 
too slowly, the bone becomes fragile, placing the 
individual at risk for developing osteoporosis. 

At menopause, which usually occurs between ages 45 
and 55, women begin to lose bone tissue rapidly. At this 
stage of life, bone loss in women greatly exceeds that of 
men. The rapid loss of bone after menopause is due to 
the sharp decline in ovarian production of estrogen, a 
hormone that has a protective effect on bone. After age 
65, women and men tend to lose bone mass at the same 
rate. Although men do not experience the rapid loss 
associated with menopause, decrease in the production 
of the male hormone testosterone occurs and can lead to 
reduced bone mass and fractures. 

Many factors influence the normal growth, development, 
and maintenance of bone. While it is natural to lose some 
bone as you age, it is not natural to develop osteoporosis, 
experience painful fractures, or lose significant amounts 
of height. Throughout life, from early childhood to old 
age, women, men, and children must do everything 
possible to promote bone health. A healthy skeleton will 
stand up for you all your life. 

Osteoporosis 

1. Description 

Osteoporosis is a skeletal disorder characterized by low 
bone mass and microarchitectural deterioration of bone 
tissue, resulting in bone fragility. According to the World 

Health Organization (WHO) diagnostic classification, 
osteoporosis is defined by BMD at the hip or lumbar 
spine that is less than or equal to 2.5 standard deviations 
below the mean BMD of a young-adult reference 
population. Bone mass is closely related to bone strength: 
the greater the bone mass, the stronger the bones and the 
less likely they are to fracture. Osteoporosis is called the 
silent disease because you cannot feel your bones 
becoming weaker. Bone loss occurs slowly over time 
without symptoms until a bone breaks. 

2. Classification 

The disease may be classified as primary or secondary. 
Primary is the most common type of osteoporosis. 
Primary osteoporosis is further subdivided into 2 types. 
Primary type I or postmenopausal osteoporosis is more 
commonly found in women after menopause when the 
amount of estrogen in the body greatly decreases. This 
process leads to an increase in the resorption of bone 
which usually results in a decrease in the amount of 
trabecular bone. The decrease in the overall strength of 
the bone leads primarily to wrist and vertebral body 
fractures. Primary type II osteoporosis or senile 
osteoporosis occurs after age 70 and is seen in both 
females and males at a ratio of 2:1. It involves a thinning 
of both the trabecular bone and the hard cortical bone. 
This process often leads to hip and vertebral body 
fractures.  

Secondary osteoporosis may arise at any age and affect 
men and women equally. This form of osteoporosis 
results from other causes, such as hormonal imbalances, 
diseases, medications, or surgery.  

3. Bone Health and Osteoporosis Foundation 
Facts and Figures  

• Approximately, 10 million Americans have 
osteoporosis and another 44 million have low bone 
density, placing them at risk for osteoporosis. 

• One out of every 2 women and up to 1 in 4 men over 
50 will have an osteoporosis-related fracture in their 
lifetime. 

• In women, the risk of fracture is greater than the 
combined risk of breast, uterine, and ovarian cancer. 

• In men, the risk of hip fracture is greater than the risk 
of prostate cancer. 

• Osteoporosis is responsible for more than 2 million 
fractures annually.  

• One out of every 5 seniors who suffer a hip fracture 
die within 1 year from problems related to the broken 
bone itself or surgery to repair it. Many who survive 
need long term nursing care.  

4. Risk Factors 

There are a variety of factors, both controllable and 
uncontrollable, that put men and women at risk for 
developing osteoporosis. The uncontrollable factors are 
heredity, race, gender, age, and medical conditions. The 
controllable factors are smoking, alcohol consumption, 

Fig. 5  Osteoporotic 
bone 

Fig. 4  Normal 
bone 
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calcium and vitamin D intake, hormone therapy, 
exercise, and medications. These risk factors are listed in 
more depth under the following headings of genetic, 
lifestyle, medications, and endocrine disorders. 

• Genetic 

A. Gender: women are more likely to develop 
osteoporosis than men because they have 
lighter, thinner bones to begin with and lose 
bone rapidly after menopause. In addition, 
women live longer than men and therefore have 
more years at risk. 

B. Age: the longer you live, the greater the 
likelihood of developing osteoporosis. Although 
all of us lose some bone as we age, the amount 
and rate of loss varies widely in different 
individuals. It is not true that every older person 
gets osteoporosis, but advance age increases the 
risk considerably. 

C. Family history: susceptibility to osteoporosis is, 
in part, due to heredity. Women who have a 
family history of fractures tend to have lower 
bone mass. 

D. Body size: small-boned, thin women and men 
are at more risk than larger, big-boned persons, 
but being heavy is no guarantee that you will 
not get osteoporosis. 

E. Ethnicity: Caucasians and Asians are at 
significantly higher risk of developing 
osteoporosis than individuals of African 
heritage. While the risk for fracture is lower for 
African American and Hispanic women, 
significant numbers of these women do develop 
osteoporosis. 

• Lifestyle 

A. Hormone levels: in women, the sex hormone 
estrogen protects against bone loss. Early 
menopause, occurring naturally or surgically 
can increase a woman’s likelihood of 
developing osteoporosis. In such cases, it is 
important to talk to your doctor about whether 
bone health is being affected. In men, the sex 
hormone testosterone protects against bone loss. 

B. Nutrition: inadequate calcium and vitamin D 
intake may be harmful to bone health while 
excessive consumption of other nutrients such 
as protein, fiber, caffeine, and sodium can 
decrease calcium absorption. 

C. Exercise: it is important to maintain a 
physically active lifestyle throughout life. 
Individuals who are inactive, immobilized, or 
bed-ridden for a long time are at high risk for 
osteoporosis. Just as muscle gets stronger and 
bigger the more you use it, a bone becomes 
stronger and denser when you place demands 
on it. Weight bearing and muscle strengthening 
activities are ideal for maintaining the skeleton.  

D. Smoking: this habit is bad for your bones as well 
as your heart and lungs. Women who smoke 
have lower levels of estrogen compared to 
nonsmokers and may go through menopause 
earlier. It affects the male hormone testosterone 
also. 

 Alcohol: regular consumption of 2 to 3 ounces a 
day of alcohol may be damaging to the skeleton, 
even in young women and men. Those who 
drink heavily are more prone to bone loss and 
fractures because of poor nutrition and increased 
risk of falling. 

• Medications 

A. long-term use of glucocorticoids or steroids  
B. long-term use of anticonvulsants or seizure 

preventing drugs  
C. anticoagulants or blood thinners 
D. excessive use of aluminum-containing antacids  
E. certain cancer treatments 
F. excessive thyroid hormone  
G. drugs that reduce estrogen levels, such as Depo-

Provera, Lupron, and the growth-hormone 
GnRH.  

• Endocrine Disorders 

A. hyperthyroidism 
B. hyperparathyroidism 
C. diabetes mellitus 
D. Cushing’s syndrome 
E. adrenal insufficiency 

Detecting and Diagnosing 

It is not possible to learn how strong or weak your bones 
are from a blood test or a risk factor questionnaire. The 
most accurate way to determine if you have osteoporosis 
is to measure your bone density. A BMD test can 
measure the density of bone in different parts of the 
skeleton and can predict the risk of future fractures. It 
can also assess the rate of bone density change with 
repeated measurements and monitor the effectiveness of 
treatment. 

There are several methods and types of equipment that 
measure bone density including dual energy 
absorptiometry (DXA), ultrasound, and quantitative 
computed 
tomography 
(QCT). All 
these 
techniques are 
painless, non-
invasive ways 
of detecting low 
bone density 
and diagnosing 
osteoporosis 
with very low or 
no radiation 

Fig. 6 DXA scanner and workstation Image 
courtesy of GE Healthcare 
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exposure. DXA is currently the gold standard for 
osteoporosis diagnosis. It is based on height and width or 
a two-dimensional area, which makes it a projectional or 
areal technique. 

1. Basic DXA Statistics 

• Mean: commonly called the average, is the sum of 
the data values divided by the number of values. 

• Standard Deviation (SD): a measurement of the 
variability that indicates the spread of the data 
around the mean, the smaller the spread, the smaller 
the SD. In BD a smaller SD is better.  

• T-score: the number of SDs above or below the 
mean BMD of young, normal, sex-matched 
individuals with peak bone mass.  

• Z-score: the number of SDs above or below the 

mean BMD for persons of the same age, sex, and 
ethnicity.  

• Coefficient of variation (CV): is the ratio of the SD 

divided by the mean of the distribution.  

• Percent coefficient of variation (%CV): the ratio of 
the SD divided by the mean of a normal distribution 
expressed as a percentage. This measurement allows 
for the comparison of the variability between 
different data sets and is frequently used to express 
precision.  

%CV = (SD/Mean) x 100 

2. Diagnosis Criteria 

DXA systems use 2 different x-ray energies that allow 
the DXA device to record attenuation at 2 different 
photon energies. Thus, 2 types of tissues are 
distinguished: bone and soft tissue. BMC in the path of 
the x-ray beam divided by the projected area of bone 
results in BMD (reported in g/cm²). 

 The formula for calculating the BMD is:  

BMD (g/cm2) = BMC (g) ÷ Area (cm2) 

Example: if the total lumbar spine BMC is 50g, and the 
area is 60cm2, figure the BMD. BMC (50g) divided by 
(÷) the area (60cm2) = .83, so the BMD is .83 g/cm2. 

The computer-generated bone density reports include 
statistical data. To express the measurements in a 
clinically interpretative form, they are compared to 
normative databases. These results are reported as SD 
above or below the mean peak bone mass for a healthy 

young adult reference population or SD above or below 
the mean for a healthy age-matched reference population. 
The T-score is the most clinically relevant value on the 
BMD report and can help confirm a diagnosis of 
osteopenia or osteoporosis. It describes a patient’s bone 
mass relative to that of a healthy young adult. The Z-
score describes a patient’s bone mass relative to that of 
persons of the same age, sex, and ethnicity. Although the 
Z-score is not the standard for diagnosis, it has been 
utilized in diagnosing secondary osteoporosis and it is 
the preferred score of the International Society for 
Clinical Densitometry (ISCD) for diagnosing pediatric 
populations and premenopausal women. ISCD is a 
nonprofit organization founded in June of 1993, which 
provides a central resource for several scientific 
disciplines with an interest in the assessment of skeletal 
health.  

The current ISCD official position recommends utilizing 
the T-score of the lumbar spine, total hip, femoral neck 
or 33% radius (also called 1/3 radius). Diagnoses at any 
other region of interest (ROI) are not endorsed.  

The WHO has established the following definitions 
based on BMD measurements at the spine, hip, or 
forearm by DXA devices: 

Let’s look at several DXA scans and determine the WHO 
diagnosis: 

Fig. 7 

Focus on the numerical tables. The total T-score for the 
spine is -1.9, left total femur -0.6 and -0.7 for the right 
total femur. Based on this, the diagnosis according to 
WHO would be osteopenia or low bone mass. In this 
report, note that the left and right femur graphs display 
the femur neck values and not the total femur 
measurement. Frequently the femur neck BMD may be 
lower than the other femur regions of interest, as noted in 
the right femur neck measurement in Fig. 7. Graphic 
display of the lowest region is beneficial as an 
educational tool for patients. The graph is more easily 
understood than the scores for determining the patient’s 
bone density.  

 

Table 1 

Osteoporosis Defined by BMD 

T-scores  

Normal  

Osteopenia (low bone mass) 

Osteoporosis  

Severe Osteoporosis 
(established) 

 -1.0 SD and above  

- 1.1 SD thru -2.4 SD 

- 2.5 SD and below 

- 2.5 SD and below 
with one or more 
fractures 
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Fig. 8 

The total T-score for the spine is -0.1, left total femur 0.1 
and -0.4 for the right total femur. They are all within 
normal limits according to WHO. However, notice that 
each hip indicates that the patient (denoted by the box) is 
in the osteopenia range. If you look back at the 
numerical table, note that the left and right femoral neck 
is -1.4 and -1.5, respectively. Since the femur neck is an 
endorsed site for diagnosis, osteopenia is the appropriate 

diagnosis according to the WHO criteria. ISCD official 
positions state that the term osteopenia is retained, but 
low bone mass or low bone density is preferred.  

Fig. 9 

The total T-score for the spine is 0.3, right total femur 
0.2 and -4.3 for the left total femur. Based on the total T-
score of the left femur, the diagnosis of Osteoporosis can 
be made. However, the interpreting physician consulted 
with a bone specialist and the diagnosis was concluded to 
be left femur localized osteoporosis, secondary to lower 
extremity hemiparesis (weakness or slight paralysis).  

Note that there are more calculated regions on the 
numerical tables in this report than the previous reports. 
The reporting is customized and set up in accordance 
with the needs and preference of the department or 
interpreting physician. Although many values are shown 
here and can be overwhelming, remember to keep in 
mind the recommended reporting sites.  

Fig. 10 

Patient history: Height: 65 inches, Weight: 200 pounds; 3 
years postmenopausal without replacement; minimal 
dietary calcium intake without supplementation of 
calcium or vitamin D; no routine exercise; no history of 
fracture, surgery, or smoking; no high-risk medications; 
no additional notable history. 

This follow-up report shows the comparison of 3 scans 
done on the same patient over a span of 5 years. For each 
measurement date, note the patient’s age, the T-score, 
and the percentage of change from the previous scan. 
There is also a column that indicates if there is a 

Fig. 9 GE Lunar Prodigy DXA report 

Fig. 8 GE Lunar Prodigy DXA report 

Fig. 7  GE Lunar Prodigy DXA report 
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significant change, but some clinics prefer to calculate 
their own significant change based on a precision 
assessment.  

The focus of follow-up scans is the rate of change based 
on the BMD values, not the T-score. At this point, the T-
score is only used as a reference for comparison to a 
normative database. Therefore, the computed percentage 
rate of change is derived from calculating the difference 
in the BMD units of measurements (g/cm2) from the 
previous scan. The T-score is utilized for the initial 
diagnosis, but serial or follow-up scans are to monitor 
the patient’s bone changes over time. 

Note that the T-scores for all sites over the span of 5 
years are within normal limits. Also note the percentage 
of change in the DualFemur total and neck mean from 
2006 to 2009. 

Both sites had a drop of 7.1% and 6.8%, respectively. 
Although the BMD remains within the normal range, this 
significant bone loss is presumed to be related to the 
estrogen deficiency; with contributory factors including 
calcium and vitamin D insufficiency and sedentary 
lifestyle.  

The BMD increase of 5.9% in the spine density from 
2009 until 2011 is most likely a false or invalid result at 
this stage of life. Increases in the spine are commonly 
associated with age-related pathology such as those seen 
with arthritic changes. An increase in the spine BMD 
with this patient’s history would be questionable and not 
be the expected outcome.  

Supplemental Assessments 

Today’s densitometers have the capability to assess 
more than just the BMD. Some enhanced features 
include the ability to track bone loss, detect vertebral 
fractures and determine fracture probability. In 
conjunction with densitometry, other assessments of 
skeletal health are useful for monitoring the efficacy of 
treatment or therapy. Several descriptions of these 
assessments follow.  

 Serial or Follow-up Scan  

Past experiences indicate that manufacturer training 
provided comprehensive instructions for scanning and 
analyzing but overlooked guidelines specific for serial 
scans. This is, in part, since the DXA operators would 
not be utilizing serial scan information for several 
years under normal circumstances. Once the patients 
started to return for serial scans, operators began to 

realize that there were some additional protocols that 
are unique to serial scans. Essentially that information 
had been self-taught until an increased awareness was 
initiated. The importance of serial scans had been 
underestimated until it became apparent that they are an 
integral part of patient care and management of bone 
loss. 

Recommended serial scan guidelines include the 
following: 

• The patients’ baseline biography must be retrieved 
and updated with an accurate height and weight, the 
operator’s identification, and any other changes. Do 
not enter as a new patient. 

• Use the same scanner that was used for the baseline 
scan or a new scanner that has been cross calibrated 
with the old scanner. 

• Duplicate the positioning of the baseline scan. It is 
crucial that the same positioning is utilized for an 
accurate comparison. This will ensure that the 
change in the bone is factual or real and not related to 
technical issues. 

• Use the same acquisition parameters (mode or speed) 
as the baseline. The scanners will usually alert that 
there is a change in the scan mode. Unavoidable 
circumstances such as extreme weight variation will 
change the scan mode and impact the values to some 
extent. 

• Assure that the same ROI’s as the baseline are used. 
Again, this is to confirm that the same areas are 
being compared since we are monitoring the actual 
change in bone. 

• Use the compare or copy function following 
manufacturer recommendations. This reduces 
operator dependence and influences the BMD 
changes with optimal precision. This function allows 
the bone map from a previous scan to be copied onto 
the current scan image and provides a visual 
confirmation of positioning and ROI duplication. If 
the bone map does not fit precisely and the 
positioning and ROI’s appear correct, there may be a 
structural change.  

• Limit the number of technologists performing the 
DXA’s and they should work equivalently. This is an 
ISCD recommendation to improve precision and 
limit the operator dependent inconsistencies. 
Standards are compromised when there are more 
operators, and this will ultimately influence the 
accuracy and precision. 

• Develop and adhere to protocols or the standard 
operating procedure (SOP) to maintain high 
standards which improves the accuracy and 
precision.  

• Document all deviations of the SOP or any 
information that needs to be considered in the final 
outcome. 

• Calculate each of the operators’ precision error to 
determine the least significant change (LSC) value 

Fig. 10 Portion of a follow-up report 
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which is used in some clinics and endorsed by ISCD. 
• Evaluate the BMD change, not the T-score change. 

Remember that the baseline DXA’s are important for 
diagnostic purposes and serial scans compare the 
BMD change in subsequent scans to determine 
efficacy of treatment or monitor bone loss. The 
databases are periodically updated and may change 
but the patient’s actual BMD measurement is an 
established value being compared over time. This 
comparison or change reflects a true BMD change in 
the patient, providing that all the scan protocol 
criteria was met.  

2. Fracture Risk Assessment  

Fracture risk assessment (FRAX) is an assessment 
developed by the WHO that calculates a 10-year fracture 
probability in women and men. FRAX has been 
developed as a tool to help healthcare providers identify 
and proactively treat patients with a high risk of 
debilitating bone fractures due to low bone mass and 
other significant risk factors. 
The following risk factors, used by FRAX, are 
significant contributors to osteoporotic fracture risk, 
beyond those provided by BMD and age alone: sex, 
ethnicity, body mass index, prior fracture, parental 
history of hip fracture, current smoking, glucocorticoids, 
rheumatoid arthritis, and daily alcohol consumption.  

A fracture probability of ≥ 3% for a hip fracture or ≥ 
20% for major osteoporotic fracture (spine, forearm, or 
shoulder) is of concern and should be evaluated for 
treatment. DXAs today have incorporated the FRAX tool 
in the reporting application.  

3. Vertebral Fracture Assessment  

Advances in densitometry have led to the availability of 
vertebral imaging for fracture evaluation, with low 
radiation doses. Vertebral fracture assessment (VFA) 
can be a very useful tool to aid in identifying vertebral 
fractures. The presence of fractures is a strong predictor 
of the patient’s future fracture risk, independent of 
BMD.  

VFA allows for viewing of the thoracic and lumbar spine 

in a lateral projection, to evaluate for vertebral fractures. 
VFA uses single or dual energy while scanning the 
thoracic and lumbar spines from level T4 to L5. A 
trained physician is responsible for the interpretation 
because while a severe fracture or deformity may readily 
be recognizable, a mild deformity is not. 

ISCD stresses that VFA is designed to detect vertebra 
fractures only, therefore additional imaging may be 
necessary if any other abnormality is 
suspected. 

4. Pediatric Bone Densitometry 

Recent interest in bone growth and 

development of the pediatric patient 

has created the need to expand the currently available 

bone densitometry information. 

As discussed earlier, peak bone mass is gained by the 

time early adulthood is reached and then continues 

throughout life with periods of gradual or accelerated 

loss. You can understand the importance of achieving the 

greatest peak mass as possible during the growing years. 

If optimal peak mass is not obtained, skeletal health 

begins with a deficit and increases the risk of fracture. 

Bone mass accumulation in pediatric and adolescents can 

be influenced by many factors including: disease, 

nutritional issues, medications, environmental elements, 

and lack of weight bearing exercises. Measurements of 

bone density and body composition are of value in 

assessing the skeletal health of patients who are at risk.  

Developing children are sensitive to radiation and the 

principles of radiation safety must be applied. Relatively 

low radiation exposure of DXA offers an advantage over 

other choices. Widespread availability, reasonably low 

costs, and short scan times are some other benefits of 

using DXA in pediatric patients.  

Methods of measurement include DXA, QCT and 

ultrasonography. It is essential for a DXA operator 

working with this patient population to have a good 

understanding of pediatric skeletal development and 

additional knowledge and training in pediatric 

densitometry.  

Software with pediatric upgraded algorithms is necessary 
to detect the bone edge and provide a BMD value for 

Fig. 11 GE FRAX report 

Fig. 13 Lateral VFA 

Fig. 12 Notice positioning of patient for VFA 
Image courtesy of GE Healthcare 
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females and males under the age of 20. T-scores are not 
commonly utilized because they are related to peak bone 
mass and pediatric patients have not yet reached peak 
bone mass. For this reason, the ISCD recommends the Z-
score, not the T-score, for diagnosis and management of 
the pediatric patient. Additional established pediatric 
DXA interpretation parameters can be obtained from the 
ISCD.org website.  

5. Body Composition 

Total body scans using DXA give accurate and precise 
measurements of BMD and body composition, which 
includes BMC, lean tissue mass, fat tissue mass and 
percentage. It 
also provides a 
body mass index 
classification 
(BMI). 

Currently body 
composition is 
primarily used 
in research and 
wellness or 
weight loss 
clinics.  

6. Laboratory Tests 

Today, blood and urine tests can detect numerous 
biomarkers and provide information about the rate of 
bone removal and formation. These tests appear to 
identify those who are losing bone at a faster rate than 
normal. They also determine whether bone is responding 
to therapy. Biomarkers do not detect low bone density 
and cannot diagnose osteoporosis, so they are not a 
substitute for BMD testing. 

Prevention and Treatment 

The most important way to prevent osteoporosis is to 
build and maintain bone mass. The mainstays of a 
prevention and treatment program are calcium and 
vitamin D, exercise, and medication to prevent further 
bone loss.  

1. Building and Maintaining 

Building a strong skeleton during childhood, 
adolescence, and young adulthood may help you avoid 
osteoporosis later in life. Regular physical exercise and 
balanced nutrition with optimal calcium and vitamin D 
are important. 

Once peak mass is reached between ages 20 and 30, 
healthy individuals are not likely to lose much bone over 
the next 20 years. Healthy lifestyle choices, including 
weight bearing exercise, proper nutrition, and avoidance 
of smoking and excessive alcohol, are essential during 
the adult years to maintain a strong skeleton. 

2. Calcium  

Calcium is particularly important for bone. It is also 

needed for your heart, muscles, and nerves to function 
properly. Dietary or supplemental calcium is necessary 
daily because calcium is not produced by the body. If the 
amount of calcium in your bloodstream drops below 
normal, calcium will be taken from the bones. 
Recommended dosages of calcium are listed in Table 2 
and should be taken in divided doses of no more than 500 
to 600 mg at one time.  

Calcium carbonate and calcium citrate are 2 types of 
calcium products. Calcium carbonate requires gastric 
acid for absorption and should be taken with food and 
some examples are Caltrate, Os-Cal, Viactiv, Tums, and 
Rolaids. Citrate products are water soluble and can be 
taken with or without food and one example is Citracal. 
Individuals taking proton pump inhibitors (PPI), or other 

Fig. 14  GE Lunar Prodigy total body scan report 

Table 2 

National Institutes of Health Recommended 
Calcium intakes (mg/day)  

Children and young adults (2 – 24 years) 1200 mg/ day 
Men (25 – 65 years)   1000mg/day 
Women (24 – menopause)   1200mg/day 
Postmenopausal women on Estrogen  1000mg/day 
Postmenopausal women not on estrogen 1500mg/day 
Men and women (age 65 and older)  1500mg/day 

Table 3 

Some Sources of Calcium      

Dairy          

Skim milk   1 cup 302 mg 

Low fat cottage cheese 1 cup 155 mg 

Plain yogurt  8 oz 415 mg 

Non-Dairy    

Almonds   1 oz 66 mg 

Bread, whole-wheat  1 slice 25 mg 

Broccoli, raw  1 spear 72 mg 

Broccoli, cooked  1/2 cup 68 mg 

Carrots, raw  1 med. 27 mg  

Collards, cooked  1/2 cup 168 mg 

Dates, chopped   1/4 cup 26 mg 

Dried beans, cooked  1/2 cup 26 mg 

Figs    1 126 mg 

Molasses (Black Strap)  1 tbsp 170 mg 

Oranges  1 med 60 mg 

Peanut butter  2 tbsp 18 mg 

Raisins  1/4 cup 22 mg 

Salmon, pink   3 oz 167 mg 

Sardines  3 oz 372 mg 

Spinach, cooked  1/2 cup 84 mg 

Tortilla, corn  1 med 80 mg 

Turnip greens, cooked   1/2 cup 134 mg 
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acid reducers should choose calcium supplements from 
calcium citrate products. Natural sources of calcium can 
be obtained through many different food products listed 
in Table 3. 

3. Vitamin D 

Vitamin D helps the body absorb calcium. The current 
recommended daily dose is 400-800 IU. Some clinicians 
suggest up to 2000 IU daily to maintain normal levels, 
while some experts recommend much larger treatment 
doses of up to 10,000 IU daily, but with strictly 
monitored blood levels. Some sources of vitamin D are 
sunshine, and dietary sources, such as egg yolks, 
fortified foods, saltwater fish, and liver. Vitamin D 
deficiency symptoms include fatigue, depression, bone 
loss, breast cancer, diabetes, and muscle aches/cramps. 

4. Preventing Bone Loss Later in Life 

Bone loss may begin as early as the 30’s and 40’s in 
some parts of the skeleton, especially in individuals who 
have illnesses, take medications that cause bone loss, or 
have other risk factors. 

Bone loss is most rapid during the first few years after 
menopause but persists throughout the postmenopausal 
years. Menopause is still considered the single most 
important risk factor for osteoporosis. Estrogen 
replacement therapy (ERT) and hormone replacement 
therapy (HRT) taken during and following menopause 
can slow the rapid loss of bone associated with 
menopause. Testosterone replacement (TRT) in men has 
been shown to improve bone density and reduce bone 
loss. 

5. Drug Therapies  

The majority of medications currently available for the 
treatment of osteoporosis are antiresorptive compounds 
such as bisphosphonates and estrogen. Anabolic drugs 
have recently widened our therapeutic options such as 
parathyroid hormone (PTH).  

• Antiresorptives  

Antiresorptives work by slowing or blocking the actions 
of the osteoclasts.  
A. Estrogen: hormone therapy has been approved 

for prevention only and not the treatment of 
postmenopausal osteoporosis.  

B. SERM’s (selective estrogen receptor modulators): 
also called designer estrogens or tissue specific 
estrogens, are estrogen-like compounds that do not 
stimulate breast or uterine tissue but may protect the 
bone and heart.  
• Raloxifene (Evista®) has been approved for 

osteoporosis prevention and treatment. For 

those patients in whom estrogen is 

contraindicated, Evista® may be an option. The 

recommended dose is 60 mg daily. 

C. Calcitonin (Miacalcin®): approved to treat 

established osteoporosis. Salmon calcitonin is a 

synthetic hormone that also has been shown to slow 

bone loss and it has been reported to provide pain 

relief from osteoporotic fractures. The recommended 

dose is 200 to 400 international units (IU) daily by 

intranasal administration. 

D. Denosumab (Prolia®): approved for the treatment of 

osteoporosis. It is a RankL inhibitor that slows down 

the formation, activity, and survival of osteoclast 

cells, thereby decreasing bone breakdown. The 

recommended dose is 60 mg subcutaneous (subQ) 

injection every 6 months. 

E. Bisphosphonates: 

• Alendronate (Fosamax®): the first FDA 
approved oral bisphosphonate for prevention 
and treatment of osteoporosis. The 
recommended dose is a 70 mg tablet weekly or 
10 mg tablet daily. 

• Risedronate (Actonel®): another oral 
bisphosphonate that has been approved for the 
prevention and treatment of osteoporosis. 
Actonel is also indicated for the treatment of 
glucocorticoid induced osteoporosis and Paget’s 
diseases. The recommended dose varies 
depending on personal preference. They 
include: 35 mg weekly, 5 mg daily, 75 mg tablet 
taken on 2 consecutive days for a total of 2 
tablets each month, or one 150 mg tablet 
monthly. 

• Ibandronate Sodium (Boniva®): the first 
monthly oral bisphosphonate for the prevention 
and treatment of osteoporosis .The 
recommended dose is 150 mg tablet monthly. 

• Zoledronic Acid (Reclast®): the first 
bisphosphonate administered once a year by IV 
infusion.  

For optimal benefits and minimal side effects, oral 
bisphosphonates must be taken properly. They should be 
taken at least one-half hour before the first food, 
beverage, or medication of the day with 6 to 8 ounces of 
plain water only; the patient should remain in an upright 
position for 30 minutes after taking the medication. The 
exception is Boniva® which requires a 1 hour waiting 
period prior to eating, drinking, or reclining. Caution 
should be used in patients with hypocalcemia or kidney 
and gastrointestinal diseases.  

• Anabolic Drugs 

Anabolic drugs stimulate bone formation, reverse bone 
loss, and reduce fracture incidence by improving other 
bone qualities in addition to increasing bone mass.  
A. Teriparatide (Forteo®): injectable PTH has been 

approved for postmenopausal women and men with 
osteoporosis who are at high risk. It stimulates new 
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bone formation on trabecular and cortical surfaces 
by preferential stimulation of osteoblasts activity 
over osteoclasts activity. By contrast, continuous 
excess of endogenous PTH, as occurs in 
hyperparathyroidism may be detrimental to the 
skeleton because resorption may be stimulated more 
than formation. Treatment is not recommended 
beyond 2 years. 

B. Abaloparatide (Tymlos): like teriparatide and 
mimics the natural process of building bone. 

6. Surgical Procedures 

Surgical procedures are available for vertebral 
compression fractures (VCF) that reduce pain, minimize 
height loss, and stabilize the vertebrae. 
• Kyphoplasty is a surgical procedure that involves the 

insertion of a balloon into a collapsed vertebra 
through a catheter and needle. The balloon is inflated 
to open a space in a vertebra, and special bone 
cement is injected into the space. The intended 
result, in addition to the reduction or elimination of 
pain and the stabilization of the vertebra, is the 
restoration of some or all the height of the vertebra. 

• Vertebroplasty, also known as percutaneous 
vertebroplasty (PVP), is an older procedure which 
stabilizes a crushed vertebra by the injection of a 
bone cement to eliminate or reduce the pain 
associated with the vertebral fracture. This procedure 
does not restore the pre-fracture vertebral height or 
shape and more force is necessary to inject the 
cement, which increases the risk of leakage into the 
spinal canal.  

Living with Osteoporosis 

In addition to a specific treatment program, patients with 
osteoporosis may need to make changes in their lifestyle 
to maintain independence. Eliminating hazards, moving 
safely, and strengthening muscles and bones are key 
elements for preventing falls. Pain management and a 
strong support system are additional considerations that 
may be necessary for the continuance of an active 
lifestyle. 

1. Fall Prevention 

Preventing falls is especially important for people with 

osteoporosis. Falls may be the result of: 

We want a society where older adults can live safe, 

healthy, and independent lives. While falls are a threat to 

their ability to remain self-sufficient, the opportunity to 

reduce falls among older adults has never been better. 

Chances of falling can be reduced by: 

• Exercising regularly. It is important that the exercises 
focus on increasing leg strength and improving 
balance, and that they get more challenging over 
time. Tai Chi programs are especially good. 

• Having all medicines reviewed by a doctor or 
pharmacist, both prescription and over-the counter, 
to identify medicines that may cause side effects or 
interactions such as dizziness or drowsiness. 

• Having eyes checked by an eye doctor at least once a 
year and update eyeglasses to maximize vision. 
Consider getting a pair with single vision distance 
lenses for some activities such as walking outside. 

• Making homes safer by reducing tripping hazards, 
adding grab bars inside and outside the tub or shower 
and next to the toilet, adding railings on both sides of 
stairways, and improving the lighting in homes; wear 
sturdy, low-heeled, soft-soled shoes; avoid floppy 
slippers and sandals 

2. Moving Safely 

Good posture and proper body mechanics are important 
throughout life, particularly for those who have 
osteoporosis. Knowing how to move, sit, and stand 
properly can help preserve an active life while avoiding 
fractures and disability. One of the most important 
concepts of body mechanics and posture is alignment. 
Proper alignment of the body puts less stress on the spine 
and insures good posture. A slumped, head-forward 
posture puts harmful stress on the spine as does bending 
forward from the waist or excessive twisting of the spine. 
Forward bending when coughing, sneezing, vacuuming, 
lifting, or reaching up for items on high shelves should 
be avoided. 

3. Strengthening Muscles and Bones  

Two types of exercises are important for building and 
maintaining bone mass and density: weight bearing and 
resistance exercises. Weight bearing exercises are those 
in which bones work against gravity. This is any exercise 
in which feet and legs are bearing weight. Jogging, 
walking, stair-climbing, and dancing are examples of 
weight bearing exercises. Resistance exercises or 
activities that use muscular strength to improve muscle 
mass and strengthen bone, involve weightlifting. 
Consulting a physiatrist, an exercise specialist, or a 
physical therapist to customize a supervised program, is 
recommended. 

4. Strategies for Pain Management 

Osteoporotic fractures often cause severe pain that 
requires strong pain medication. Pain usually lessens 
over time but may continue long after the fracture has 
healed. Medications, such as aspirin, acetaminophen 
(Tylenol®), ibuprofen (Advil®), or naproxen (Aleve®), 
can relieve pain, but it is important to remember that 
these drugs can have side effects, especially when taken 
in high doses for a long time. More potent pain 
medications are available if indicated.  

●  balance problems   ●  poor vision 

●  medication ●  chronic illness 

●  reduced muscle strength ●  home hazards  



Page 15 X -RAY NEWS VO LUME 28,  ISSUE 4  

Other ways to alleviate pain include ice packs, or heat in 
the form of hot towels or hot packs. Other techniques 
used to relieve pain are transcutaneous electric nerve 
stimulation (TENS), acupuncture, biofeedback, and 
behavior modification. 

5. Support Groups 

Studies show that recovery from any injury, including an 
osteoporotic fracture is positively affected by a strong 
support system. Although some amount of pain, fear, and 
depression is common following a fracture, the ability to 
fight negative feelings and maintain a positive attitude 
can move recovery forward. Support groups encourage 
opportunity to express feeling and fears and to exchange 
coping strategies or solutions. To find an osteoporotic 
support group contact the Bone Health and Osteoporosis 
Foundation at www.bonehealthandosteoporosis.org. 

Medicare Coverage 

The Health Care Financing Administration (HCFA) 
proposed regulations for Medicare coverage based on the 
passage of the Bone Mass Measurement Act (BMMA) 
which set forth regulations to provide for uniform 
coverage under Medicare Part B for bone mass 
measurements for services provided on or after July 1, 
1998.  

Medicare provides coverage of bone mass measurements 

that meet the coverage criteria below: 

• The bone mass measurement is performed on a 

qualified individual. A qualified individual means a 

Medicare beneficiary who meets the medical 

indications for at least one of the following 

categories:  

A. A woman who has been determined by the 
physician or qualified non-physician 
practitioner treating her to be estrogen-deficient 
and at clinical risk for osteoporosis, based on 
her medical history and other findings. 

B. An individual with vertebral abnormalities, as 
demonstrated by an x-ray to be indicative of 
osteoporosis, osteopenia, or vertebral fracture. 

C. An individual receiving or expecting to receive 
glucocorticoid or steroid therapy equivalent to 
an average of 5 mg of prednisone or greater per 
day for more than 3 months. 

D. An individual with known primary 
hyperparathyroidism. 

E. An individual being monitored to assess the 
response to, or efficacy of, an FDA-approved 
osteoporosis drug therapy. 

• The physician or qualified non-physician practitioner 
treating the qualified individual must provide an 
order for a bone mass measurement test, following 
an evaluation of the need for a bone mass 
measurement that includes a determination of the 
medically appropriate measurement for the 

individual. 
• The service must be a radiologic, radioisotopic, or 

other procedure that meets the following 
requirements:  
A. Is performed with a bone densitometer other 

than dual photon absorptiometry or a bone 
sonometer device approved or cleared for 
marketing by the FDA; 

B. Is performed for the purpose of identifying bone 
mass, detecting bone loss, or determining bone 
quality; and 

C. Includes a physician’s interpretation of the 
procedure’s results. 

• A qualified supplier or provider must furnish such 
services under the appropriate level of supervision by 
a physician. 

• The service must be reasonable and medically 
necessary to diagnose, treat, or monitor a qualified 
individual. 

• The service must be performed at a frequency that 
conforms to the frequency requirements established 
by Medicare. 

1. Medicare Frequency Standard for BMD 

Medicare provides coverage of a bone mass 
measurement that meets the criteria described above once 
every 2 years or at least 23 months after the last covered 
bone mass measurement was performed. 

Medicare may provide coverage for a beneficiary more 
frequently than every 2 years if medically necessary. 
Examples of these situations include, but are not limited 
to, the following medical conditions: monitoring patients 
on long-term glucocorticoid therapy of more than 3 
months; or allowing for a confirmatory baseline bone 
density study to permit monitoring in the future if certain 
specified requirements are met. 

2. Reimbursement 

Proper communication is essential for reimbursement. 

The tools for communication include Physician's Current 

Procedural Terminology (CPT), HCFA Common 

Procedure Coding System (HCPCS), the Medicare 

carrier's local Medical Review Policy (LMRP), and the 

International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD-10-CM).  

Accuracy in coding for bone mineral density tests is a 

necessary step in obtaining appropriate reimbursement. If 

the diagnosis code does not support medical necessity or 

the procedure code is incorrect or considered a non-

covered service, the provided service will be denied, and 

no payment issued. 

Most insurance companies require the use of the ICD-10-
CM codes to describe the patient’s medical condition that 
warranted the treatment or therapy. When filing a claim 
for BMD testing, it is necessary to include an ICD 



Page 16 X -RAY NEWS VO LUME 28,  ISSUE 4  

diagnosis. The codes Medicare accepts that justify 
coverage can vary by state. Check with local Medicare 
carriers to obtain a list of ICD codes that support medical 
necessity. Commercial carriers usually follow Medicare 
guidelines. 

The use of the CPT/HCPCS codes for billing 
professional services is also required by insurance 
companies. List the appropriate CPT/HCPCS code that 
represents the service performed; include any necessary 
modifiers. Always check the Centers for Medicare and 
Medicaid Services (CMS) policies for current 
requirements. 

The number one reason for claim denial in the Medicare 
system is due to error in either the way the claim is 
submitted or in the information provided. Some reasons 
a bone density claim might be denied by Medicare 
include the following: 
• Services performed in other than an approved setting 

or using equipment that is not FDA approved will be 
denied as non-covered. 

• Services in the absence of associated signs, 
symptoms, illness or injury will also be denied as 
non-covered.  

• Physicians’ services submitted without an ICD-10-
CM code or not coded to the highest level of 
accuracy and digit level completeness will be denied 
as unprocessable.  

• Redundant, duplicate and excessive testing will be 
denied as not medically necessary. 

• Services submitted without medical records where 
specified will also be denied as not medically 
necessary.   

Image Production 

The history of bone density measurement dates to the 
1940’s when radiologists could only make a diagnosis of 
bone mineral loss by analyzing radiographic images. 
Unfortunately, because the bone loss was not visible on a 
plain x-ray film until approximately 30 to 50% of the 
trabecular bone was lost, it meant that a more sensitive 
quantitative method of determining bone mineral loss 
was needed.  

Bone densitometry had its origin in nuclear medicine in 
the early 1960’s when the single-photon absorptiometry 
(SPA) was developed. A single energy photon beam is 
passed through bone and soft tissue to a detector where 
the amount of mineral in the path is then quantified. The 
introduction of an x-ray tube in place of a gamma ray 
source introduced single-energy x-ray absorptiometry 
(SXA). The beam was heavily filtered to produce the 
single beam.  

The 1970’s saw the development of the dual photon 
absorptiometry (DPA). This technique used a photon 
beam that had 2 distinct energy peaks. One energy peak 
is absorbed more by the soft tissue and the other by 
bone. The soft-tissue component is subtracted to 

determine BMD. It allowed for the first-time spine and 
proximal femur BMD measurements.  

In the 1980’s dual energy x-ray absorptiometry (DXA) 
becomes the radiographic extension of DPA but uses an 
x-ray source instead of a radioactive isotope. This 
method is superior to DPA because the radiation source 
does not decay, and the energy stays constant over time. 
About the same time quantitative computed tomography 
(QCT) was also developed using CT but is costly and is 
no more accurate than DXA. The use of quantitative 
ultrasound (QUS) has been around since the 1960’s but 
has yet to achieve the degree of precision that is provided 
by DXA. 

The radiation levels in today’s densitometers are lower 
than conventional x-ray machines and have generally 
been expressed as 5% to 10% of the exposure received in 
a chest x-ray. However, there are variables such as scan 
speed, dual energy production, beam technology, and 
body habitus to consider.  

In DXA the x-ray beam properties are selected 
automatically by the technology and not directly 
controlled by the operator. DXA uses the 2 different 
photon energies (dual energy) to distinguish the 
difference between bone and soft tissue. 

There are several types of bone density machines 
available. One type, the table or central DXA, has the 
tube or source of radiation under the table and the 
detector or image receptor is above the table, over the 
patient. When scanning, the transmitted radiation is 
received by the detector and the results are computed 
from the x-ray attenuation pattern striking the detector, 
not the scanned image. The images are then digitized and 
displayed with the results. The reports are printed out 
with images, measurements, and graph comparisons to 
reference populations. 

1. Fundamentals of X-Ray Production 

X-rays are produced when the electrons interact with 
matter. The kinetic energy of the electron’s motion is 
converted into an x-ray photon. Photons consist of many 
different energy wavelengths. The long wavelength 
photons do not contribute to the x-ray image and if not 
eliminated are absorbed by the patient. Filtration is the 
process of removing the long wavelength photons from 
the x-ray beam. Compensating filters can be placed 
between the radiographic tube and the image receptor 
(IR). Another way to minimize the amount of radiation to 
the patient and reduce scatter radiation is by collimation 
which restricts the x-ray beam and produces a better 
radiographic image. 

Radiographic quantity and quality are controlled by 
primary exposure factors or the properties of the x-ray 
beam, which are exhibited in Table 4. 

2. Attenuation 

Reduction in the number of photons in the x-ray beam is 



Page 17 X -RAY NEWS VO LUME 28,  ISSUE 4  

due to attenuation or absorption. Some of the x-ray beam 
is attenuated as it travels from the source to the IR. The 
table attenuates some of the beam. The patient attenuates 
most of the beam. The remnant beam that reaches the IR 
is called exit radiation. Attenuation depends on tissue 
density and thickness. The denser the tissue, the more 
radiation is absorbed or attenuated. DXA allows us to 
record attenuation profiles at 2 levels: high energy and 
low energy. Attenuation can be better understood using 
Fig 15.  

3. Bone Mass Measurement Technologies 

Prior to bone mass measurement technology, 
osteoporosis was not detected until a fracture occurred. 
Now early detection can be achieved by several different 
procedures which include: 

• Single photon absorptiometry (SPA) was the first 
commercially available bone densitometer.  

• Single energy X-ray absorptiometry (SXA) is a 
microcomputer controlled mobile device that usually 
measures bone mass in the heel or wrist. SXA uses a 
single energy level and usually pencil beam 
technology.  

• Dual photon absorptiometry (DPA) is like SPA, but 
with dual energy.  

• Dual energy x-ray absorptiometry (DXA) is a 
relatively quick procedure that measures bone 
density at central sites such as the spine and femur; 
or peripheral sites that include the forearm, heel, or 
fingers. It is considered the gold standard because of 

reproducibility, availability, relative low cost, and 
low patient dose. DXA reports provide BMD results 
and display images that verify proper positioning and 
accurate ROI’s. To measure BMD, it is necessary to 
separate the x-ray attenuating properties of soft tissue 
and bone. This is accomplished by using 2 photon 
energies instead of single photon energy, which is 
used in conventional radiography. Dual energy 
produces high and low energy x-rays that are 
attenuated by bone and soft tissue then received by 
the detectors. Data is calculated at both energy levels 
and the mathematical subtraction of the soft tissue 
attenuation provides the bone image and BMD 
measurements.  

• Quantitative computed tomography (QCT) uses a 
conventional CT scanner with the addition of a bone 
density standard special computer software to 
measure trabecular bone independent of cortical shell 
and osteophytes of the spine. The QCT provides 
sectional images to obtain volumetric measurements 
in mg/cm3 or g/cm3.  

• Peripheral quantitative computed tomography 
(pQCT) is becoming more widely available. These 
are dedicated CT units that are used primarily for the 
measurement of bone density in the peripheral sites, 
such as the forearm. 

• Peripheral dual-energy x-ray absorptiometry 
(pDXA) technology measures bone mass at 
peripheral sites. These machines are smaller, 
compact, portable, and cost much less than the full-
size central units. They are frequently used for 
screening, but not recommended for monitoring the 
rate of change from serial scans. Some pDXA 
systems use the cone beam method to visualize an 
area without mechanically scanning it. This method 
is referred to as cone beam because it acquires the 
data from an entire area at one time and it begins as a 
tight beam at the source, expanding in a cone shape 
as it moves away.  

• Quantitative ultrasound (QUS) is a radiation-free 
technique that measures bone mass and strength and 
assesses bone microarchitecture. It detects the 
transmission of high-frequency sound waves through 
or across bone, which is slower through osteoporotic 
bone. QUS measures broadband ultrasound 
attenuation (BUA) and the speed of sound (SOS) in 
bone.  

4. Pencil Beam and Fan Beam Technology 

The first machines introduced specifically for detecting 
bone mass made use of pencil beam scanning technology 
and a single detector. The detector and highly collimated 
x-ray beam move in tandem in a rectilinear scan path. 
The pencil beam is accomplished by having a small 
circular pinhole in the collimator, restricting the beam to 
what we might compare to the central ray (CR) in 
conventional equipment. A single detector receives the 

Table 4 

Properties of the X-Ray Beam 

1. milliamperes 
(mA) 

milli = 0.001 
Determines the quantity (amount) of 
radiation per time exposed 
Controls density and quantity 

2. time (S)   

Determines how long you produce x-rays 
for a given exposure. 
The unit of time for x-ray production is 1 
second 

  3. kilovolts (kV)   

kilo = 1000 
Determines the energy (quality) of the 
beam of radiation (the exposure) 
Controls contrast and quality 

Fig. 15 This diagram compares a sponge and water to conventional x-ray, 
depicting attenuation. 
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pencil beam.  

The arrival of the fan 

beam with a high-density 

array of detectors 

eliminated the need for 

the rectilinear path 

because the data is 

acquired across an entire 

scan line simultaneously. 

The fan-shaped x-ray 

beam releases more x-

rays per unit of time than 

pencil beam technology 

and although it is faster 

with better image 

resolution, it increases 

the patient exposure and 

introduces geometric 

magnification. The fan 

beam is more 

comparable to the shape 

of a conventional x-ray 

beam and centering is 

very important. The 

array or fan beam is 

accomplished by using a slit shape in the collimator 

instead of a circular pinhole. The slit allows the beam to 

come out in a fan like pattern that is received by multi-

detectors. One manufacturer utilizes a narrow angle fan 

beam which acquires the data using fan beam technology 

traveling in a rectilinear overlapping fashion. This 

combines the best of both pencil and fan beam 

technology. 

5. Single and Dual Energy Absorptiometry 

The multi-detectors DXA systems are 

equipped with a single and dual energy 

imaging mode. In single energy a photon 

beam is passed through bone and soft 

tissue. The amount of mineral in the path 

of the beam is quantified, based on the 

difference between the beam intensity 

before and after passage through the 

region of interest. This mode may be used 

for VFA and will display an image of bone 

and soft tissue.  

In dual energy a photon beam with 2 photon energies is 

passed through a region of the body containing both 

bone and soft tissue, attenuation of the beam will occur 

at both energy peaks. The image is digitized, and through 

a subtraction technique (bone edge detection algorithm) 

based on the different attenuation 

characteristics of soft tissue and bone; we 

can see an image of the bone without soft 

tissue. This is the standard mode used in 

DXA. 

In the United States, the major 

manufacturers of dual energy x-ray 

absorptiometers have chosen to use 

different methods to produce 2 x-ray energies.  

• GE/Lunar and Norland/CooperSurgical utilize a 

constant generator and k-edge filtration to produce an 

x-ray beam with a specific energy range with peaks 

near 40 and 70 keV, which is just above the k-

absorption edge of the tissue in question. The 

photons are maximally attenuated at this energy level 

separating the bone from soft tissue in a quantifiable 

fashion. 

• Hologic utilizes an energy switching system that 
pulses between 100 and 140 kVp to produce the 2 
photon energies that peak near 40 to 80 keV which is 
necessary to distinguish bone from soft tissue. 

Acquisition and Analysis 

Producing a quality scan for diagnostic purpose requires 
a proper acquisition and correctly analyzed image. 
Although both are often thought of as one step, think of it 
as a two-step process; first acquire a good scan and 
secondly, analyze it appropriately. 

Manufacturer specific acquisition and analysis guidelines 
must be followed thoroughly because the software 
applications were designed with this in mind. Since 
manufacturer procedures and requirements vary between 
the different manufacturers, model specific manufacturer 
training is highly recommended. Manufacturer training 
for the specific equipment that is being operated is also 
required by some states for licensure or certification. The 
following information is just an overview of scan 
acquisition and analysis.  

1. Scan Acquisition  

The acquisition of a good scan begins with basic 
knowledge of anatomy related to the routine scan sites. 
Relevant patient history, proper patient preparation, and 
accurate positioning are all contributory aspects that are 
completed prior to scanning the patient. After the scan is 
acquired, the digital images should demonstrate and 
display all the appropriate anatomy for that scan type. A 
well acquired scan prior to the analysis is critical and it 
will have to be rescanned if not correct. Scanners will 
automatically analyze the scan once it is obtained, 
whether the acquisition is correct or not. When the auto 
analysis is inaccurate or a previously analyzed scan is 
discovered to be incorrect, it can be reanalyzed if the 
acquired scan image exhibits the appropriate anatomy 

Fig. 16 Pencil beam 

Fig. 17 Fan beam 

Fig. 18 Single 
energy 

Fig. 19 Dual 
energy 
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with no motion or artifact. However, if the scan 
acquisition does not provide the correct criteria for the 
analysis, no amount of reanalyzing can resolve the 
problem. 

2. General Acquisition Criteria  

Regardless of the manufacturer, there are some general 
acquisition guidelines that apply to all: 

• use appropriate scan speed or mode for the body 
habitus or build, 

• correctly demonstrate anatomy for each scan type or 
site, 

• eliminate motion - motion causes poor bone edge 
detection and impacts the BMD values, 

• eliminate attenuating objects - document all artifacts, 
and  

• utilize the manufacturer specific positioning aids or 
devices shown in Fig. 20 to Fig. 26. 

3.   Scan Analysis 

Although manufacturers’ analysis 
procedures vary, they are 
structured to guide the operator 
through the process with minimal 
intervention. An automated 
analysis is generated once the 
acquisition is obtained, and no 
manual operator analysis involvement is necessary 
unless the analysis is obviously inaccurate. Manual 
intervention or changes by the operator should only be 
done when necessary and the specific manufacturer 
procedures should be followed. The importance of 
manufacturer specific training cannot be emphasized 
enough and following the manufacturer guidelines is 
essential for analysis quality.  

Some examples of analyzed scans are shown in Fig. 27 
to Fig. 32. In each of the sites, the scan images on the 
left all have poorly defined ROI’s. The scans on the right 

were re-analyzed with corrected placement of the ROI’s 
in accordance with the manufacturers’ guidelines.  

4. Factors that Impact Analysis 

In addition to properly labeling and defining the ROI’s, 
the importance of anatomy knowledge needs to be 
reinforced when discussing analysis. Comprehension of 
basic anatomy must exist to recognize variant or 
abnormal anatomy that influences scan results. Other 
influential factors in addition to variant anatomy include 
artifacts or foreign objects.  

In radiology, the definition of artifact is an undesirable 

characteristic found on the image that, in most cases, 

could be avoided by the radiographer. A foreign object is 

anything in the radiograph that is not a natural part of the 

Fig. 20 Block Fig. 21 Norland 
femur 

Fig. 22 GE dual femur  

Fig. 23 Hologic femur Fig. 24 Hologic forearm Fig. 25 GE lunar forearm 

Fig. 26 VFA lateral 
positioner  

Fig. 27 Incorrect ROI Fig. 28 Correct ROI 

Fig. 29 Incorrect global ROI Fig. 30 Correct global ROI 

Fig. 31 Incorrect ROI Fig. 32 Correct ROI 
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patient anatomy but is usually unavoidable by the 

radiographer. In densitometry, artifacts and foreign 

objects are typically referred to as artifacts.  

Artifacts contained in DXA scans can create several 

obstacles for the densitometry operator. Determining if 

an artifact is present can be difficult because the digital 

image and limited view does not always produce an 

optimal image. Standard practices, knowledge of 

variances, and experience will greatly improve the 

operator’s ability that ultimately impacts the report, 

diagnosis, and disease management of the patient. 

5. Standard Practices  

The DXA digital image and limited view diminishes the 

ability of revealing any factors affecting the scan 

analysis. Establishing routine procedures or standard 

practices to follow when there is a questionable or 

difficult analysis will assist in the detection of influential 

factors and should become a requirement in every 

densitometry department. Some standard procedures or 

practices are offered below. 

• Utilize image contrast or invert the image and look 

for obvious light or dark spots. This will not affect 

BMD results.  

• Analyze the scan and look for sharp differences in 

the BMD, BMC or area of adjacent vertebrae.  

• Utilize the compare or copy function with serial 

scans. Inspect for structural changes if the bone map 

doesn’t align properly.  

• Question the patient thoroughly about surgeries, 

fractures, congenital anomalies, artifacts or foreign 

objects such as surgical clips, staples, pins, screws, 

rods, or implants. This prevents unnecessary 

scanning of a non-diagnostic site and forewarns the 

operator.  

• If an artifact is identified to be external, remove it, 

and rescan.  

• If an artifact is temporary such as barium or contrast 

dyes, reschedule scan.  

• If internal artifact is present in the spine area, 

exclude involved vertebrae. Exclude the site for 

evaluation if there is only 1 evaluable vertebra.  

• If artifact is visually apparent in the femur, scan the 

other femur.  

• If it is determined that there are bilateral femur 

prosthesis or biomechanical devices, scan another 

site such as the forearm.  

• If there is motion noted on the scan, the patient must 
be rescanned. Motion influences the ability and 
accuracy of the bone edge detection. 

Quality Control  

The original indications for bone mass measurements 
from Bone Health and Osteoporosis Foundation (BHOF) 
and guidelines for the clinical applications for bone 
densitometry from ISCD, called for strict quality control 
procedures at clinical sites performing densitometry. 
Such procedures are crucial because alterations in the 
functioning of the machines will occur despite the 
precision and accuracy of today’s densitometers. 

Although the 2 words accuracy and precision can be 
synonymous, they are differentiated in DXA. Accuracy 
reflects the true bone density or actual measurement of 
the site as compared to a known standard. This is 
important when making the initial diagnosis at baseline. 
Precision expresses reproducibility or consistency of 
repeat measurements. This is most important for 
determining or monitoring a patient‘s bone changes over 
time. There are many factors that affect the accuracy and 
precision of densitometry devices. Accuracy is usually 
affected by the technology whereas precision is mostly 
affected by the operator. 

1. Procedures for Quality Control 

Quality control (QC) is a procedure for verifying that the 
machine is performing properly. Each manufacturer has 
individual quality control guidelines that must be 
performed at established intervals, requiring the use of a 
phantom of known BMD, BMC, and area values. 

Hologic systems have a continuous internal calibration 
during scanning and the QC procedure does not calibrate 
the system. If the QC procedure is not performed prior to 
scanning patients, an error message will occur, and 
scanning will not be allowed. 

The Hologic QC procedure involves completing an 
automatic analysis using an anthropomorphic or human-
like phantom. Daily phantom 
scans are entered and plotted 
and compared to previous QC 
scans to tract the changes. The 
daily QC data point should fall 
within the upper and lower QC 
limits. These limits are based on 
Shewhart control charts and the 
1.5% Rule (+/- 3 SD). If the data 
point falls outside the QC upper 
or lower limit, perform the 
procedure 2 more times. If both the second and third data 
points fall outside the QC limits, contact Hologic. If the 
second and third data points fall within the limit and the 
CV value is < (less than or equal to) 0.60%, you may 
proceed with scanning patients. 

Other manufacturers provide 2 phantoms to use for 
different purposes; 1 phantom may be used for daily 
quality assurance (QA) functions, in which the 
mechanical operation of the machine is tested. The other 

Fig. 33 Hologic QC 
anthropomorphic phantom 
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phantom is designed to mimic a region of the skeleton 
and is used for QC. GE Lunar uses a calibration block 
for the daily QA and an aluminum spine phantom for 
QC. The QC is usually done by a service representative 
to detect drifts which are slight changes or shifts which 
are obvious changes of the BMD values before QC 
failure.  

Comprehension of the QA/QC procedure is vital to 
ensure diagnostic quality and patient safety. Reference 
the manufacturer operational manual, application 
training CD, or contact the manufacturer for detailed QA 
or QC guidelines. 

2. Plot Graphs 

In the past, the responsibility of detecting a shift or drift 
in the QC/QA plotted graphs, prior to the need for 
service, typically fell on the operator. Newer QC/QA 
procedures print a pass or fail printout, which has 
eliminated the need to review the plot graphs. However, 
an observant operator or those who operate older 
densitometry equipment may still tract QC plot graphs to 
determine the possibility of potential issues prior to 
system failure. 

Daily QA/QC procedures prior to scanning patients are 
required, and a weekly QA/QC is recommended when 
the scanner is idle. As a rule, if QC/QA failure occurs, 
repeat the procedure 2 more times and call for service if 
the QC/QA does not fall within the limit. In addition to 
normal QC protocols, ISCD recommends scanning the 
phantom 10 times without repositioning for new 
densitometry installations, and after repair, maintenance, 
upgrades, or relocation. If the new mean exceeds the old 
mean by 1%, calibration has changed and needs to be 
recalibrated. 

3. Precision Assessment 

A precision assessment measures the ability of the 

scanner and the operator to reproduce the technical 

factors of serial scans. It is recommended that every 

DXA operator conduct a precision assessment after basic 

skills have been learned and after having performed at 

least 100 patient scans. This assessment is done to 

calculate the least significant change (LSC) for each 

measurement site, and the LSC must be known to be 

confident that a BMD change is real and not due to 

technical error.  

This assessment involves scanning 30 patients twice or 

15 patients in triplicate and must be done on the facility’s 

typical patient population, within a certain time frame. 

Patients must be informed that they will be re-scanned 

for the purpose of precision assessment and that the 

benefits far outweigh the small radiation exposure risk.  

It is recommended that a precision assessment should be 

done at least once for all scan types, and thereafter, if 

there is a change in operators or a major equipment 

change. 

Additional information is available at ISCD.org or 

contact the DXA manufacturer for further assistance with 

precision assessment.  

Maintenance, Repairs, and Upgrades 

1. Equipment Maintenance 

• It’s a good idea to keep a current preventative 
maintenance contract with the manufacturer. 

• Some good equipment safety practices are: 
A. inspect pinch points on equipment & keep 

patients hands clear of those areas, 
B.  examine electrical cords for any damage or 

placement which may be hazardous, 
C.  follow proper power down and shut off of 

equipment, 
D.  assure that the DXA table scanner has its 

own designated outlet, 
E.  follow proper usage of emergency stop 

button, and 
F.  post caution and safety signs.  

• Per manufacturer’s specifications data maintenance 
should include: 

A. back up phantom, patients scans, and all QC 
information, 

B. archive phantom, patients scans, and all QC 
information, and 

C. storage of 1 set of backup data off site. 

2. Repairs and Relocation 

• It’s important to keep and maintain a service log for 
repairs. 

• When relocating DXA scanners, recalibration is 
necessary to maintain QC. 

3. Upgrades 

• When equipment hardware is upgraded, it is 
necessary to recalibrate and reestablish baseline data 
for follow-up scans. 

• Cross calibration is required when new equipment is 

Fig. 34 Plot graph depicting a shift and a drift 
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acquired, upgraded, or when there is a change in 
manufacturer. The manufacturer will usually assist 
with the cross calibration.  

Computer Basics 

Basic knowledge 

of the personal 

computer as it 

pertains to DXA 

instrumentation is 

essential for the 

BD operator. The 

following points 

need to be 

understood fully: 

• Know the difference between software and hardware 

and the different components of each. 

• Understand the methods by which the PC interfaces 

with the DXA scanner and how the scanner output is 

converted into and stored as digital data. 

• Be aware of the file naming conventions and the tree 

structure of data organization. 

• Be able to demonstrate basic Windows point-and-

click and drag-and-drop techniques. 

• Be able to describe the internal organization of the 

computer data and the concept of a relational 

database as it applies to DXA scanners.  

• Understand the importance of periodic data backup 

and the basic concepts of copying and archiving 

DXA data. 

• Troubleshooting techniques would be to power down 

the affected equipment for computer or scanner 

failure; defragmentation of the drive, or disk cleanup 

when your system is performing slowly. 

1. Hardware Components 

• Central processing unit (CPU) is the hardware 
within a computer that carries out the instructions of 
a computer program by performing the basic 
arithmetical, logical, and input/output operations of 
the system.  

• Random access memory (ram) is the computer 
memory used to store data and programs on a 
temporary basis.  

• Input and output devices include keyboard, mouse, 
camera, microphone, scanners, touch screen monitor, 
printers, speakers, monitor, and projectors. 

• Storage devices include optical disc, external hard 
drive, and flash drive. 

• Scanner detector interface is a component that 
regulates communication between software and 

digital imaging device such as the DXA scanner. 
 
2. Software Components 

• Operating system: McIntosh, Windows, Linux 
• Application programs: physician reporting systems, 

business, accounting, etc.  
• Data files: relational database is a collection of data 

organized as a set of tables from which data can be 
accessed or reassembled in many ways without 
reorganizing the tables. 

• Software upgrades for densitometry comes from the 
manufacturer if you have a preventative maintenance 
contract. Be sure to upgrade immediately and follow 
the instructions completely and do not install any 
software without manufacturer authorization. 

3. Storage and Retrieval of Data 

• A backup or the process of backing up, refers to the 
copying of the original data, so that it may be used to 
restore the original after a data loss event. The 
original is not removed from the system. There are 3 
types of backups:  

A. Full backup is a method of backup where all 
the files and folders selected for the backup 
will be backed up.  

B. Incremental backup is a backup of all 
changes made since the last backup.  

C. Differential backup is a backup of all 
changes made since the last full backup.  

• Archiving in densitometry means that the original 
data is being removed and stored. This allows the 
user to save disk space and eliminate accidental 
manipulation. 

• Locate means determining the storage location of 
archived scans. 

• Restore means installing an archived scan or data 
onto the computer hard drive. 

• Retrieve and update biographies; otherwise, you 
won’t be able to utilize the compare and rate of 
change functions. 

• Picture Archiving and Communications System 
(PACS): conveys images from all modalities to a 
digital archive and offers the ability to manipulate 
the information. It also allows transmission of the 
images from the archive to a viewing station, 
workstation, or a remote station through a local area 
network.  

• Digital Communications in Medicine (DICOM): 
allows the exchange of digital information between 
medical imaging equipment and other systems, as 
well as between different manufacturers. 

Patient Preparation  

You will often encounter patients who are not easy to 
deal with. In many situations, showing understanding and 
compassion in a professional manner will succeed in 

Fig. 35 DXA computer station 
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overcoming these obstacles. Above all, be patient and 
respectful. With so much emphasis being placed upon 
the importance of patient rights and privacy, we tend to 
overlook other vital aspects of patient care.  

Patient preparation and safety are just as important. 
Preparing a patient for a DXA scan involves handling 
any special needs, obtaining relevant history, providing 
instructions, scan preparation, and appropriate 
documentation. Also, the patient’s safety is the 
operator’s responsibility from the first moment of patient 
contact until the patient has left the department. 

1. Special Needs  

While establishing patient cooperation, determine if 
there are any special needs. Many patients are willing to 
cooperate but simply cannot. Patients with difficulty 
breathing may not be able to lie flat, and many elderly 
have difficulty with routine positioning because of 
limited range of motion. In these cases, you will have to 
be creative and improvise. Additional special needs 
include: 

• Mental impairment or disorientation which may 
require personal or pharmacological assistance.  

• Physical limitations which require modifications. For 
example, a patient with kyphosis (hunchback) may 
require some support for the head and upper spine 
region and a patient with severe tremors from 
Parkinson disease may require immobilization to 
reduce the motion. 

• Fall propensity requires special consideration. The 
elderly are especially prone to falling and prevention 
is vital because their bones are typically fragile. 
Determine if special mobility equipment or patient 
transfer assistance will be needed. Do not 
compromise the patient’s safety or equipment 
function.  

2. Relevant Patient History  

A patient assessment or questionnaire is crucial for 
obtaining patient information such as medical history, 
medications, surgeries, fractures, risk factors, or any 
other information that is relevant to bone loss. The 
operator’s ability to extract medical history and clinical 
information is essential and its importance becomes 
more apparent as time goes on. The patient’s history 
guides you in determining any reasons that may prevent, 
interfere with, or reduce the scan quality that ultimately 
affects the data accuracy. It eliminates surprises and 
allows the operator to foresee the need for alternate sites 
and the possibility of additional scanning or analyzing 
time.  

There are some patient factors that prohibit scanning, 
and they include:  

• exceeding manufacturers’ weight limits,  
• recent nuclear medicine isotope study or other 

radiopharmaceuticals,  
• recent barium or other contrast studies, and  

• pregnancy.  

In addition to the reasons listed above that prevent 
performing the scan, there are many sources of 
interferences that influence scan quality, and some are 
presented in Table 5. 

3. Patient Instructions  

Proper instructions to the patient can often prevent repeat 
examinations. The patient is more apt to cooperate if they 
know what to expect and what is expected of them. This 
can be achieved by: 

• Procedure explanation: this will enhance patient 
compliance, reduce repeats, and eliminate the 
unexpected. It is important to give a simple 
description of the scan process and the duration, and 
to inform the patient that the radiation exposure is 
small and comparable to the natural background 
radiation received daily. Supplementary instructions 
to breathe normally but remain still will alleviate 
apprehension and reduce motion artifact.  

• Gowning instructions: it has become common 
practice in clinical offices to scan DXA patients in 
their clothing if all attenuating items are removed 
such as jewelry and zippers. Gowning should be used 
if the patient is not wearing appropriate clothing such 
as a two-piece jogging outfit. 

• Positioning instructions: informing patients of the 
sites that will be scanned and the positioning aids 
required for that site will make it easier to achieve 
the proper position and eliminates any surprise.  

4. Scan Preparation  

Although manufacturer procedures or site protocol may 
have a specific course of action when scanning a patient, 

Table 5  

Sources of Interferences 

iodine  pacemaker 
leads  

vena cava 
filters  

bone implants  surgical 
clips  

ostomy 
devices 

EKG leads jewelry  chelation  clothing 
fasteners  

radiopaque 
catheters/tu

bes  

treatment 
with 

colloidal 
gold for 
arthritis 

mercury 
or other 
heavy 
metal 

poisoning 

aortic 
calcification 

or stones 

foreign 
objects 

(ex: 
shrapnel)  

nuclear medicine studies with bone uptake component  

undigested calcium supplements: withholding calcium 24 hours 
prior to the scan is suggested  

black hole artifact: certain types of metallic objects have a high 
attenuation which is usually displayed as a dense, white object on 
DXA scan images, but instead show up as black. One example is 

Tantalum surgical clips. These types of clips demonstrate the 
potential to alter BMD in low density spine scans.  
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this prerequisite checklist applies to all DXA scans:  

• Rule out pregnancy by following department 
procedure and adhere to established protocol if 
positive.  

• Remove all artifact producing clothing and 
attenuating items in the scan field. 

• Review data input for accuracy:  
A. Patient biographies must be accurate and 

should contain all relevant information that 
is included in the report.  

B. Patients returning for a serial DXA scan 
must have their biography retrieved and 
updated, rather than entered as a new 
patient.  

C. An accurate height is essential for quality 
scanning. A significant loss could indicate 
bone loss or 
spine fractures. 
A more precise 
height 
measurement 
can be obtained 
by having the 
patient stand, 
without 
footwear, with 
their back to the 
stadiometer 
which measures 
height.  

D. An accurate weight is required to determine 
the scan parameters. Remember not to 
exceed the scanner weight limit and observe 
the patient’s body habitus to determine any 
concerns. 

• Advise the patient of the notification process. 
Informing the patient upfront of when and how they 
will receive the results will minimize attempts to 
obtain them from the operator. This is extremely 
helpful in situations when it is not the operator’s 
responsibility to provide the results.  

• Document anything that may influence the scan 
results such as: 

A. atypical anatomy,  
B. artifact,  
C. pathology, 
D. positioning difficulty or limitations, and 
E. problems with the acquisition or analysis.  

5. Patient Rights 

Health care today requires all personnel to be informed 
of patients’ rights. It is the DXA operator’s responsibly 
to adhere to policies regarding those rights. The key 
areas of patient rights are listed below: 

• the right to considerate and respectful care, 
• the right to a clean and safe environment, 
• the right to information,  

• the right to confidentiality, and 
• the right to refusal of treatment. 
Informed consent requires that the patient have an 
explanation of the procedure, understands the procedure 
and consents to the procedure.  

Health Insurance Portability and Accountability Act 
(HIPAA) is a federal law to protect patients’ right to 
privacy. Any information obtained and/or shared about 
any patient should be because of the need to know. There 
are a multitude of forms and regulations, and every 
facility is required to have a HIPAA manager. 

6. Types of Misconduct 

Healthcare workers must also be aware of any 
unintentional action or the patient’s perception of any 
action resembling misconduct. Types of misconduct are: 

• Assault is any reasonable threat that the patient 
believes will cause harm. An example would be for 
an operator to say if you don’t lie still, we will hold 
you down. 

• Battery is the unlawful touching of a patent without 
consent. An example is to help a patient physically 
without asking their consent. 

• False Imprisonment is the detention of a person 
against his or her will. An example would be 
immobilizing a patient or detaining them without the 
patients understanding and consent. 

• Invasion of Privacy is a breach of confidentiality or 
improper patient exposure. An example would be 
releasing patient information without their signed 
authorization. 

• Negligence is carelessness. The Latin term res ipsa 
loquitur meaning the thing speaks for itself is a 
doctrine of law that one is presumed to be negligent 
if they had exclusive control of whatever caused the 
injury even though there is no specific evidence of an 
act of negligence, and without negligence the 
accident would not have happened. The Latin term 
respondeat superior means let the master answer is a 
common-law doctrine that makes an employer liable 
for the actions of an employee when the actions take 
place within the scope of employment.  

Radiation Safety 

X-ray densitometers expose patients to extremely small 
amounts of radiation in comparison to conventional x-ray 
techniques. Likewise, the densitometer operator is 
unlikely to be exposed to a significant amount of 
radiation. However, no amount of radiation exposure 
should be considered irrelevant. 

1. Radiation Sources  

X-rays are a form of electromagnetic energy. Some other 
forms of electromagnetic energy are radio and television 
waves, microwaves, radar, infrared, and ultraviolet light. 
When energy is released as it travels through a substance, 

Fig. 36 Stadiometer 
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it is called radiation. Ionizing radiation is so named 
because it gives up its energy by ejecting electrons from 
atoms in its path. The general public is exposed to 
ionizing radiation from 2 sources: natural and man-
made. Natural sources include cosmic rays and natural 
radioactivity. Man-made sources of ionizing radiation 
are nuclear power, and medical and dental exposures. 

2. Biological Effects of Radiation 

Ionizing radiation has the potential to harm living tissue. 
Exposing a patient, even to small amounts, should not be 
taken lightly. It is important to note that conditions 
caused by radiation cannot be differentiated from those 
caused by other factors. Radiation causes nothing new; it 
simply causes naturally occurring conditions to happen 
more frequently.  

Factors such as dose rate and volume of tissue exposed 
determine the effects of x-rays on tissue. Another factor 
is tissue sensitivity. Different tissues or organs of the 
body have different sensitivities to radiation. 
Radiosensitive tissues have cells that reproduce or divide 
rapidly and are highly specialized and grow fast. 
Radioresistant tissues are more resistant to radiation, and 
have cells that grow slowly, do not reproduce, and are 
not specialized.  

Younger patient cells, simple cells, highly metabolic 
cells, and the cells that multiply rapidly are more 
susceptible to radiation damage. This theory was 
formulated by 2 French scientists and is known as The 
Bergonie-Tribondeau Law. 

According to this law, the tissues of fetuses, infants and 
young children tend to be more sensitive because of their 
age, and higher metabolic and replicating rate. Blood 
cells and blood producing cells are highly sensitive. 
Cells that are directly exposed to the environment, such 
as the skin, mouth and gastrointestinal tract have 
relatively short lives and more susceptibility to radiation. 
Also, the cells of the reproductive organs are highly 
vulnerable to radiation exposure. 

Ionizing radiation produces biological damage as it 
interacts with the body tissue and results in cellular 
abnormality. The effects of radiation can be categorized 
as: 

• Somatic effects: the biological effect of radiation to 
one’s own body, which include long-term and short-
term effects.  

• Genetic effects: the biological effect of radiation 
exposure on the descendants of the exposed 
individual due to mutation of their genetic cells. 
These effects may appear in the exposed person's 
direct offspring or may appear several generations 
later. 

• Short-term effects: acute doses of radiation exposure 
over a short period of time. Short term effects are 
somatic, and some examples include: 

A. erythema (reddening of the skin), 

B. nausea and vomiting, 
C. epilation (loss of hair), and 
D. death. 

• Long-term effects: delayed radiation effects resulting 
from previous high-dose exposure or from chronic 
low-level exposure over a period of years. Long term 
effects can be either somatic or genetic and some 
examples include: 

A. premature aging, 
B. cataracts, 
C. leukemia’s and other types of cancer, and 
D. mutations or deformities in future 

generations.  

Table 6 shows the different tissue sensitivities. 

Units of Measurement 

Two systems for measuring radiation doses had been 
used for many years and the conversion to 1 system has 
been ongoing. Transition to the System International (SI) 
from the conventional system has created several 
obstacles and the terminology changes along with the 
necessary conversions can be bothersome. The 
conventional units of radiation absorbed dose (rad) and 
radiation equivalent in man (rem) have been replaced by 
Gray (Gy) and Sievert (Sv). However, the doses that 
correlate with DXA are much smaller and the units will 
be in millisievert (mSv), which is 0.0001 of a Sv and 
microsievert ( µSv ), which is 0.000001 of a Sv.  

Listed below are the basic conversions from 1 system to 
another and notice that the new SI system units are all 
0.01 of the conventional system.  

Table 6  

Tissue Sensitivity 

High Radiosensitivity 

Lymphoid organs, bone marrow, blood, testes, ovaries, intestines 

Fairly High Radiosensitivity 

Skin and other organs with epithelial cell lining (cornea, oral 
cavity, esophagus, rectum, bladder, vagina, uterine cervix, ureters) 

Moderate Radiosensitivity 

Optic lens, stomach, growing cartilage, fine vasculature, growing 
bone 

Fairly Low Radiosensitivity 

Mature cartilage or bones, salivary glands, respiratory organs, 
kidneys, liver, pancreas, thyroid, adrenal and pituitary glands 

Low Radiosensitivity  

Muscle, brain, spinal cord 
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Although the SI system is the recommended system for 
use today, knowledge of both systems is necessary for 
proper application. Reference to the conventional 
terminology and dose units still exists and is a common 
occurrence. The units of exposure and dose for both 
systems include: 

• Roentgen (R) measures the amount of radiation in 
the air. This is the conventional unit term and is still 
in use today. Coulomb (C/kg) is the SI unit term. 

• Radiation absorbed dose (rad) is the amount of 
radiation absorbed by living tissue. This is the 
conventional unit term which has been replaced by 
the SI unit of Gy. 

• Radiation equivalent in man (rem) is the biological 
effect. This is the conventional unit term which has 
been replaced by the SI unit Sv. 

• Entrance skin dose (ESD) is the absorbed dose to the 
skin where the x-ray beam enters the patient’s body. 
This dose is reduced by attenuation and scattering 
and progressively lowers as it reaches internal 
organs. The unit of measurement is Gy, however in 
diagnostic radiology is expressed as milligray 
(mGy). With DXA systems, the dose is often so low 
it is expressed as microgray (µGy ) and varies from 
10 to 800 µGy, depending on the models and scan 
modes utilized. 

• Equivalent dose is a radiation-weighted dose 
quantity which takes into account the type of 
ionizing radiation producing the dose and it is 
expressed as Sv.  

• Effective dose (ED) is the equivalent dose multiplied 
by a tissue weighting factor. This reflects a real 
radiation risk to patients by including the tissue 
sensitivity of the exposed organs in the vicinity. Like 
equivalent dose, effective dose is also expressed in 
units of Sv. 

Radiation Doses in DXA  

Operators of densitometry equipment are not responsible 

for determining the amount of radiation produced 

because the technical factors are determined 

automatically for each scan type or mode. It is published 

that bone densitometry equipment produces lower levels 

of radiation than conventional x-ray equipment. The       

x-ray tubes used in densitometry devices have kVp and 

mA features that prevent the generation of high doses of 

radiation. The equipment is automatically collimated to 

an extremely small field size. The beam moves during 

scanning, instead of concentrating in 1 area. The 

detectors that receive the image information are more 

sensitive to radiation or light than conventional screen/

film detectors. All these aspects contribute to lower 

radiation risk to the patient. 

Although the radiation exposure for some DXA 
equipment is so low that it is difficult to measure; any 

exposure carries a potential risk. The skin and effective 
doses in bone densitometry studies will vary depending 
upon several factors:  

• Scan parameters: the scan speed and length will vary 
depending upon the manufacturer, the site scanned 
and patient size. Generally, the exposure increases as 
the speed decreases and the scan length expands. For 
example, a larger patient will require a slower scan 
mode (speed) and the length of the scan will 
increase, resulting in more exposure.  

• Number of scans and location: the number of sites 
routinely scanned will affect the dose. Some clinics 
commonly scan the lumbar spine and proximal femur 
site along with a VFA. Other clinics will scan 3 sites 
and do a body composition. In addition to the 
number of sites, the location is also important 
because different doses are required to penetrate 
different tissues and the sites have different tissue 
sensitivity. For example, in a proximal femur scan, 
the effective dose is greater for premenopausal 
women than for postmenopausal women because of 
the effect on the ovaries.  

• Type of technology: there are many different 
technologies with different radiation exposures 
available to measure bone density. For example, 
when using a QCT scanner, the dose is generally 
higher than DXA scans. In central DXA scanners, 
the fan-array scanner tends to have higher effective 
doses per scan than pencil beam scanners. Fan array 
technology provides faster scan times and better 

Table 7  

Comparison of Radiation Doses  

from Different Sources 

Exposure Type Effective Dose µSv 

Daily natural background radiation 5-8 

One daily banana per year 36 

Round trip air flight across the US 60 

Lateral lumbar Spine X-ray 700 

Chest X-ray 100 

Nuclear Bone Scans 4,000-8,000 

CT scans 20,000-100,000 

Bone Densitometry  

Spine DXA 3 

Femur DXA 1 

Forearm DXA <1 

QCT 60 
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resolution images with increased radiation.  

There is a general agreement that the effective dose for 
an axial spine and hip DXA examination is very small. It 
is usually between 1 to 10 μSv depending on make, 
model and scan mode. Patient doses from peripheral 
DXA scans are even lower because: 

• limb thickness as compared to the trunk is thinner, 
• the scan area is generally smaller, and 
• the scan area does not usually include any of the 

more radiosensitive tissues. 

The technologist should be familiar with the patient 
exposure doses and how they compare to other radiation 
exposures. One way of explaining doses of x-ray 
examinations is to compare them to natural background 
radiation exposure in the environment and our own 
bodies. The cumulative effective dose is about 2.5 mSv 
annually or 7 μSv a day. Therefore, a spine and hip DXA 
exam produces the equivalent of 1day or less. This will 
put the exposure dose into perspective and alleviate 
patient fears. Table 7 displays DXA doses compared 
with other frequently performed x-ray examinations and 
other radiation exposure doses.  

Radiation Protection in Bone 

Densitometry 

Radiation protection is precautionary measures taken to 

protect patients, personnel, and the public from 

unnecessary radiation exposure. The goal of a bone 

densitometry operator should be to produce the highest 

quality scan report with the least possible exposure.  

1. General Protection Issues  

Although radiation protection rules vary from state to 

state, some good radiation safety practices consist of the 

following points:  

• post radiation warning sign on the DXA room 
indicating radiation,  

• keep the door closed during procedures,  
• allow only the patient and operator in the DXA 

room,  
• place radiation warning sticker on control panel, and  
• post operator’s license in a place visible to all 

patients.  

2. Occupational Protection  

Because patient dose is so low, DXA is a relatively safe 

technique for operators too. In addition, those scanner 

models that give lower doses to the patients will give 

lower doses to the operator.  

Compliance with state radiation protection requirements 

is mandated despite the fact it is unlikely that the 

operator who works exclusively in x-ray bone 

densitometry should ever receive significant radiation 

exposure. As well as any state regulatory rules, methods 

of protection for the operator involve 3 concepts:  

• Time is the amount of exposure that is directly 

proportional to the time the operator is in the 

exposure area. Occupationally exposed individuals 

should never expose themselves to the primary x-ray 

beam.  

• Distance is the best way for the operator to reduce 

occupational exposure by staying as far away from 

the radiation source as possible while scanning. As 

radiation travels from the source, it spreads out and 

becomes less intense. A practical approach is to 

apply the inverse square law (ISL), which simply 

means: if you double your distance from the source 

of radiation, you quarter your exposure. This would 

be a reasonable recommendation for clinics, 

especially those operating fan beam technology. 

Manufacturer recommendations for densitometry 

scanners routinely documented that the operator 

console be at least one meter or 3 feet from the 

source. Recent information is proposing that the 

distance be increased to 3 meters for fan beam 

technology.  

• Shielding is usually not necessary since leakage and 

scatter radiation are 

low to nonexistent for 

DXA devices that 

maintain the proper 

distance. If this 

distance cannot be 

achieved a radiation 

barrier can be installed. 

3. Personnel Monitoring Devices  

The purpose of the personnel monitoring device (PMD) 

is not to protect the wearer, but to measure the amount of 

radiation the worker has received. They should be 

removed before leaving the workplace to go home. They 

are intended to measure only the amount of radiation 

received as a direct result of one’s employment in an 

occupation utilizing ionizing radiation.  

Anyone who works with radiation should want their 

exposure to be accurately recorded. Thus, PMDs should 

be treated with care.  

Several PMDs are available which include: Film badge 

dosimeters, Thermoluminescent dosimeters (TLDs), OSL 

dosimeters, and Self reading dosimeters.  

The dosimeter monitoring company provides the 

customer with a written report on the PMD readings. 

This report should include, but not necessarily be limited 

Fig. 37 Time, distance, shielding 
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to, the following data: Employee’s name, sex, and 

identification number; radiation doses received by the 

employee (1) for the current PMD period, (2) for the 

calendar quarter, (3) for the year to date, and (4) since 

the inception date. These records should be readily 

available for employee viewing and should be stored 

permanently in a safe place for future reference. When 

an employee changes jobs, a copy of the personnel 

monitoring records should be provided for the new 

employer. Your radiation history should follow you if 

you are exposed occupationally to radiation.  

There is usually a control dosimeter that is used to 

monitor any possible exposure during transit. This 

control dosimeter is to be kept in a place away from any 

radiation exposure, such as a secretary’s desk. 

Regardless of the type of PMD used, the owner should 

wear the device consistently and never be removed when 

in the x-ray room during an exposure. The PMD should 

be worn on the collar, adjacent to the scanner. A 

protective apron can also be worn by a pregnant operator 

and it’s reasonable to utilize a second PMD at waist level 

under the apron to monitor fetus exposure.  

4. PMD Recommendations by ASRT  

The American Society of Radiologic Technologists 

(ASRT) issues advisory recommendations as to what 

constitutes practice standards and scopes of practice for 

medical imaging professionals. With proper education 

and proven competence in the profession of medical 

imaging, the determination of proper use of personal 

monitoring devices ensures a safe environment in which 

to provide quality patient services. As such, a 

recommendation is not a regulation or statute and does 

not have the force and effect of law. It is issued as a 

guidepost to practitioners who engage in safe practice. 

Federal and state laws, accreditation standards necessary 

to participate in government programs, and institutional 

policies and procedures supersede these standards.  

It is the opinion of the American Society of 

Radiologic Technologists that based upon current 

literature, the curricula set forth by the ASRT, 

ARRT content specs, regulatory requirements, 

AAPM recommendations and where federal or state 

law and/or institutional policy permit that:  

• Radiation workers wear a personal radiation 
monitoring device outside of protective 
apparel with the label facing the radiation 
source at the level of the thyroid to 
approximate the maximum dose to the head 
and neck.  

• In specific cases a whole-body monitor may 
be indicated. This monitor should be worn at 
the waist under a protective lead apron.  

• In some cases a ring badge may be indicated. 
This monitor should be worn on the 
dominant hand with the label facing the 
radiation source. 

5. Occupational Dose Limits for Adult 
Radiation Workers  

An annual limit for total effective dose equivalent is:  

• Occupational worker: 50 mSv (or 5 rem, as 

expressed in conventional units) annually  

• Declared pregnant worker: 5 mSv (or .5 rem, as 

expressed in conventional units) annually  

6. Patient Protection 

Any unnecessary radiation exposure is avoidable, and 

this provides the foundation of radiation protection 

known as ALARA, which stands for As Low As 

Reasonably Achievable. The goal is to produce a 

diagnostic exam with the least amount of radiation to the 

patient, the operator, and all others in the vicinity. The 

following are strategies to minimize patient exposure:  

• Benefit versus the risk should be the first 

consideration in determining if the exam is really 

necessary. Densitometry is not an emergency exam 

and if there is a possibility of pregnancy, the exam 

should be postponed, or the pregnancy ruled out. 

Always ask female patients of childbearing age if 

there is the possibility and follow your facility 

protocol. A urine or serum pregnancy test may be 

necessary or utilization of the 10-day rule, which 

states that the safest time to expose a female, is 

within the first 10 days of the menses cycle. Always 

document the last menstrual period (LMP).  

 

Fig. 38 Film Badge Dosimeter 

 

Fig. 39 TLD Dosimeter 

Fig. 40 OSL Dosimeter 
Fig. 41 Self Reading 
Dosimeter 
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• Comprehensive patient assessment is a thorough and 

completed questionnaire that will alert the 

technologist to invalid scan sites and prepare the tech 

for expected outcomes based on relevant history.  

• Informative patient instruction helps the patient to 

understand the procedure and positioning. This will 

promote cooperation and reinforce expectations. 

Removal of all attenuating items from the scan areas 

will reduce the need to repeat the exam.  

• Accurate positioning provides the appropriate 

anatomy and avoids repeats.  

• Shielding such as protective aprons, gonadal shields, 

and thyroid collars are not routinely used in 

densitometry because of the relatively small doses of 

radiation.  

7. Image Wisely 

While the benefits of medical imaging are well known, 

increasing concerns about radiation exposure captured 

the attention of professionals and the public. In 

November 2009, Image Wisely was launched as a 

campaign for adult radiation protection. Image Wisely® 

is an initiative of the American College of Radiology 

(ACR), the Radiological Society of North America 

(RSNA), the American Association of Physicists in 

Medicine (AAPM), and the American Society of 

Radiologic Technologists (ASRT) with the objective of 

lowering the amount of radiation used in medically 

necessary imaging studies and eliminating unnecessary 

procedures. Image Wisely® offers resources and 

information to radiologists, medical physicists, other 

imaging practitioners and patients. 

Conclusion 

Osteoporosis is a progressive bone disease that results in 
loss of bone. Most people do not even realize they have 
the disease until a bone breaks. This can happen from 
very simple movements, such as coughing, turning, or 
falling.  

This disease can have a profound impact because it 
might not be diagnosed until the disease has progressed. 
There are several risk factors for osteoporosis, some can 
be changed others cannot. It can affect a person through 
loss of independence and poor quality of life. 

Osteoporosis is diagnosed through bone density testing. 
Dual energy x-ray absorptiometry is currently the gold 
standard for diagnosing osteoporosis and it is a relatively 
quick procedure that routinely scans the spine and 
proximal femur.  Reimbursement for DXA usually 
requires medical necessity with documentation of risk 
factors, although some insurance companies include it in 
their preventative care policies.  

Densitometry operators need to be well-informed in all 

areas of bone health including the diagnosis and 
management of bone loss without implying 
recommendations. 
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1. Bone densitometry tends to monitor sites that are 
predominately: 

A. cortical 

B. cortical and dense 

C. dense 

D. trabecular and cancellous 

2. About what percent of the skeleton is trabecular 
bone? 

A. 20 

B. 40 

C. 60 

D. 80 

3. In remodeling, what are the bone building cells 
called? 

A. osteoclasts 

B. osteoblasts 

C. osteocytes 

D. osteons 

4. Peak bone mass is reached between what ages? 

A. 15 and 25 

B. 20 and 30 

C. 35 and 45 

D. 40 and 50 

5. What is the definition of osteoporosis according to 
WHO? 

A. occurs when bones lose an excessive amount of 
their protein and mineral content 

B. defined by BMD at the hip or lumbar spine that 
is less than or equal to 2.5 standard deviations 
below the mean BMD of a young-adult 
reference population 

C. porosity and brittleness of the bones due to loss 
of calcium from the bone matrix 

D. skeletal disorder characterized by compromised 
bone strength predisposing to an increased risk 
of fracture 

 

 

 

6. Primary Type I osteoporosis refers to conditions of 
low bone mass attributed to: 

A. vitamin D deficiency 

B. smoking 

C. use of steroids 

D. menopause 

7. Secondary osteoporosis is the result of: 

A. menopause only 

B. diseases and medications only 

C. diseases, medications, and surgery 

D. surgery only 

8. How many millions of Americans have osteoporosis? 

A. 10 

B. 20 

C. 30 

D. 44 

9. What is NOT a genetic risk factors for osteoporosis? 

A. being over 50 

B. small-boned 

C. not getting enough calcium or vitamin D 

D. being a woman 

10. What is NOT a controllable risk factors for 
osteoporosis? 

A. smoking 

B. exercise 

C. gender 

D. medications 

11. What is currently the gold standard for osteoporosis 
diagnosis? 

A. conventional x-ray 

B. dual energy absorptiometry 

C. ultrasound 

D. quantitative computed tomography 
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12. The basic statistics used in bone density include all 
EXCEPT: 

A. mean  

B. standard deviation 

C. precision 

D. coefficient of variation 

13. When reporting patient results, which is the most 
clinically relevant score? 

A. T-score 

B. Z-score 

C. SD score  

D. VFA score 

14. The total lumbar spine BMC is 60g, and the area is 
70cm2, what is the BMD value? 

A. 0.95 g/cm2 

B. 0.86 g/cm2  

C. 1.19 g/cm2 

D. 0.72 g/cm2 

15. The measurement of the variability that indicates the 
spread of the data around the average is known as the: 

A. mean  

B. precision 

C. coefficient of variation 

D. standard deviation 

16. The patient’s T-score is -2.2, what is the diagnosis 
based on the WHO criteria? 

A. osteoporosis 

B. normal  

C. osteopenia or low bone mass 

D. severe osteoporosis 

17. An assessment used to determine the 10 year fracture 
probability is: 

A. VFA 

B. FRAX 

C. LSC 

D. precision assessment 

18. Which advancement in densitometry technology aids 
in identifying vertebral fractures?  

A. FRAX 

B. serial scan  

C. VFA  

D. biomarkers  

 

 

 

19. On the DXA report, the SD above or below the 
average BMD for persons of the same age, sex, and 
ethnicity is known as: 

A. Z-score 

B. T-score 

C. SD score  

D. CV 

20. What 2 supplements help prevent bone loss and 
osteoporosis? 

A. magnesium and calcium 

B. calcium and vitamin D 

C. calcium and vitamin E 

D. vitamin D and magnesium 

21. What drug therapy stimulates bone formation and 
reverses bone loss? 

A. anabolic drugs 

B. antiresorptives  

C. bisphosphonates 

D. estrogen 

22. Which drug therapy works by slowing or blocking the 
actions of the osteoclasts?  

A. antiresorptives 

B. anabolic drugs 

C. parathyroid hormone 

D. Forteo 

23. What type of bone makes up the outer shell of our 
skeleton?  

A. collagen bone  

B. trabecular bone  

C. cortical bone  

D. phosphorous bone  

24. What does bone remodeling mean?  

A. the constant process of resorption and bone 
formation  

B. the process of excessive resorption or excessive 
formation  

C. breaking down of bone (resorption)  

D. rebuilding of bone (bone formation)  

25. What statistic is commonly used for diagnosis and 
management of the pediatric patient? 

A. mean 

B. T-score 

C. Z-score 

D. standard deviation 
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26. Which technology, developed in the 1980's, uses an     
x-ray source instead of a radioactive isotope?  

A. SPA  

B. SXA  

C. DPA  

D. DXA  

27. What is the process of removing the long wavelength 
photons from the x-ray beam?  

A. filtration  

B. attenuation  

C. collimation  

D. absorption  

28. Which procedure was the first commercially available 
bone densitometer?  

A. SPA  

B. SXA  

C. DPA  

D. DXA  

29. Which technology is a radiation-free technique that 
measures bone mass and strength?  

A. DXA  

B. QUS  

C. QCT  

D. pDXA  

30. Which of the following is NOT characteristics of a fan 
beam?  

A. single detector 

B. collimator with a slit 

C. multi-detector 

D. introduces geometric magnification 

31. Which of the following would have the most impact on 
the accuracy of the scanner's bone edge detection?  

A. motion  

B. clothing  

C. artifact outside the ROI  

D. certain medications  

32. Accuracy in bone densitometry relates to the ability of 
the system to:  

A. measure the true value of an object  

B. reproduce the same results in repeat measurements 
of the same object  

C. reflect the bone measurement by the scanner 
software  

D. measure the variability of the spread of data values 
around the mean  

 

33. What is most important when monitoring a patient’s 
BMD changes over time?  

A. accuracy  

B. precision  

C. T-score  

D. Z-score  

34. What is the procedure for verifying that the machine 
is performing properly?  

A. LSC  

B. CV  

C. QC  

D. QA  

35. When should the daily scanner QC be performed on a 
normally functioning scanner?  

A. before the first patient  

B. between each patient  

C. between every fifth patient  

D. after the last patient only  

36. Each operator should do a precision assessment after 
he or she has performed how many scans?  

A. 50  

B. 100  

C. 150  

D. 200  

37. What does a precision assessment calculate for each 
measurement site?  

A. the least significant change  

B. the true bone density  

C. the contrast between the bone and the soft tissue  

D. the true value of an object or tissue  

38. What computer hardware component is used to store 
data and programs on a temporary basis?  

A. CPU  

B. ram  

C. flash drive  

D. optical disc  

39. What kind of computer backup copies all data 
changes made since the last backup?  

A. incremental  

B. differential  

C. archive  

D. full  
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TN REMINDER 

40. Scanning preparation does NOT includes: 

A. ruling out pregnancy 

B. removal of all artifacts 

C. obtaining complete and accurate vital signs 

D. review of all data for accuracy 

41. What is HIPAA?  

A. special DXA software for hip axis analysis  

B. a federal law to protect patients' right to privacy  

C. a federal law enacted for Medicare beneficiaries  

D. regulation to provide uniform coverage for 
Medicare  

42. What does the Bergonie-Tribondeau Law mean?  

A. reproductive cells are more radioresistant  

B. younger, rapidly growing cells are more 
radiosensitive  

C. younger, rapidly growing cells are radioresistant  

D. older and slower growing cells are more 
radiosensitive  

43. Which is a TRUE statement about the effects of 
radiation?  

A. Short-term effects are somatic and include 
leukemia and cataracts.  

B. Short-term effects are genetic only.  

C. Long-term effects are genetic and affect only 
future generations.  

D. Long-term effects can be somatic or genetic, and 
include leukemia and cataracts.  

44. What is the SI unit of measurement term for radiation 
equivalent in man ?  

A. Gray (Gy)  

B. Roentgen (c/kg)  

C. Sievert (Sv)  

D. rem  

45. What is the estimated range of radiation exposure to 
the patient when receiving central DXA scans?  

A. 1 - 10 µSv  

B. 10 - 50 µSv  

C. 50 - 100 µSv  

D. 100 - 300 µSv  

46. Which radiation dose is comparable to a DXA scan? 

A. daily natural background radiation 

B. chest x-ray 

C. round trip air flight across the U.S. 

D. CT scan 

 

 

47. What is the most effective method of operator 
protection?  

A. distance  

B. time  

C. shielding  

D. monitoring device  

48. What are PMDs used for?  

A. to measure all radiation exposure to the operator  

B. to measure all radiation exposure to the patient  

C. to measure all occupational radiation exposure to 
the operator  

D. to measure the personnel to machine distance  

49. The annual occupational dose limit for the adult 
radiation worker is:  

A. 0.1 rem (1mSv)  

B. 0.5 rem (5mSv)  

C. 5 rem (50 mSv)  

D. 3 rem per month  

50. In what year was the Image Wisely campaign for adult 
radiation protection launched?  

A. 2005  

B. 2007  

C. 2008  

D. 2009  
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