
DXA Review 

How Scanning Bones Started 

Bone density scanning, particularly through techniques like Dual-Energy X-ray Absorptiometry 

(DXA), emerged as a critical tool in assessing bone health starting in the late 20th century. The 

concept of measuring bone mineral density (BMD) gained momentum during the 1970s and 

1980s, as researchers sought reliable methods to quantify bone strength and detect conditions 

like osteoporosis before fractures occurred. The early bone density techniques, such as single 

photon absorptiometry, paved the way for more advanced methods. In 1987, DXA technology 

was introduced and quickly became the gold standard for assessing BMD. It offered a highly 

accurate, non-invasive way to evaluate bone strength by measuring the amount of mineral 

content in bone. 

The need for bone density scanning arose from the increasing recognition of osteoporosis as a 

significant health concern, especially in aging populations. Osteoporosis, characterized by 

weakened bones and increased fracture risk, is often called the "silent disease" because it 

develops without symptoms. By the time a fracture occurs, bone density may have already 

decreased significantly. The ability to detect low bone mineral density early allows healthcare 

providers to intervene with treatments aimed at preventing fractures, making bone density 

scanning a critical tool in the prevention and management of osteoporosis. 

The widespread adoption of DXA in clinical practice can be attributed to its high precision, ease 

of use, and the ability to provide results in terms of T-scores and Z-scores, which compare an 

individual’s bone density to that of healthy reference populations. These scores help guide 

treatment decisions, especially in at-risk populations such as postmenopausal women and the 

elderly. Today, bone density scanning continues to play an essential role in diagnosing and 

managing bone health, contributing significantly to public health efforts to reduce fracture rates 

and improve quality of life for individuals with osteoporosis. 

The purpose of bone density DXA (Dual-Energy X-ray Absorptiometry) 

The purpose of bone density DXA (Dual-Energy X-ray Absorptiometry) scanning is to assess 

bone mineral density (BMD) and evaluate bone health, particularly in identifying conditions like 

osteoporosis. DXA scans measure the amount of mineral content in bones, typically at key 

skeletal sites such as the spine, hip, and forearm. This helps to determine if bones are weakened 

or at risk of fracture, as low bone density is a key indicator of osteoporosis. 

By detecting low BMD early, DXA scanning allows healthcare providers to identify individuals 

at higher risk for fractures and intervene with preventative or therapeutic measures, such as 

medications or lifestyle changes. It is also useful for monitoring bone health over time, especially 

for people undergoing treatment for osteoporosis or those with risk factors like aging, 

menopause, or certain medical conditions. Ultimately, the goal of DXA scanning is to reduce 

fracture risk, prevent bone loss, and improve overall bone health, contributing to better patient 

outcomes and quality of life. 



Primary manufacturers of DXA scanners 

The three primary manufacturers of DXA scanners—Hologic, GE Lunar, and Norland—each 

produce high-quality systems that are widely used in clinical and research settings for assessing 

bone mineral density (BMD). 

1. Hologic is a leading manufacturer known for its innovative DXA technology. Their 

scanners are well-regarded for their precision and ability to provide highly accurate bone 

density measurements. Hologic offers a variety of DXA systems, including models 

designed for both central and peripheral scanning. Their systems are equipped with 

advanced features like 3D imaging and the ability to assess body composition in addition 

to bone health. Hologic scanners are particularly popular in osteoporosis diagnosis and 

monitoring due to their reliability and ease of use. 

2. GE Lunar produces DXA scanners that are known for their robustness and user-friendly 

design. GE Lunar has developed a range of models, from compact units for peripheral 

scanning to more advanced systems for central scans. Their scanners incorporate 

advanced software that enhances data accuracy and helps healthcare providers assess not 

just bone density but also body fat and muscle mass. GE Lunar is recognized for its focus 

on providing high-quality results while keeping the system relatively affordable for 

clinical practices. 

3. Norland specializes in producing DXA systems that are commonly used for research 

purposes, though they are also employed in clinical settings. Known for their high-

performance capabilities, Norland scanners offer precision in bone density measurement, 

particularly in evaluating both osteoporosis and body composition. Norland’s systems are 

appreciated for their reliability and ability to handle a wide variety of patient types, 

providing clear and actionable results for healthcare providers. 

Each of these manufacturers—Hologic, GE Lunar, and Norland—offers different strengths and 

features, but all are committed to providing accurate, reliable, and efficient bone density testing 

to help diagnose and manage osteoporosis and other bone health conditions. 

Functions of the Skeletal System  

The skeletal system serves several vital functions that are essential for overall health and 

mobility. Primarily, it provides structure and support to the body, giving shape and form while 

allowing for upright posture. The bones act as a framework that supports soft tissues and organs, 

protecting vital structures like the brain, heart, and lungs. In addition to structural support, the 

skeletal system plays a crucial role in movement, as muscles attach to bones via tendons, 

facilitating movement through leverage. It also serves as a reservoir for minerals such as calcium 

and phosphorus, which can be released into the bloodstream as needed to maintain homeostasis. 

The bone marrow, found inside certain bones, produces blood cells—red blood cells, white blood 

cells, and platelets—essential for oxygen transport, immune defense, and blood clotting. 

Together, these functions make the skeletal system indispensable for maintaining the body's 

integrity, mobility, and overall health. 

 



Skeletal Regions 

The adult human body typically contains 206 bones, which are categorized into two main 

regions: the axial skeleton and the appendicular skeleton. The axial skeleton consists of 80 

bones, including the skull, vertebral column (spine), and rib cage. This portion of the skeleton 

primarily serves to protect the brain, spinal cord, and vital organs, providing structural support to 

the body’s core. The appendicular skeleton is made up of 126 bones, which include the bones 

of the limbs (arms and legs) and the girdles that attach them to the axial skeleton—specifically, 

the shoulder girdle and pelvic girdle. The appendicular skeleton facilitates movement and allows 

the body to interact with the environment through mobility and manipulation. Together, these 

two sections work in unison to provide both stability and flexibility to the body. 

Peak Bone Density 

Peak bone density refers to the maximum bone mass and strength that an individual achieves, 

typically during their late teens to early 30s. This period is marked by rapid bone growth and 

mineralization, with bones reaching their greatest density and strength in early adulthood. Peak 

bone density is influenced by several factors, including genetics, nutrition (especially calcium 

and vitamin D intake), physical activity, and hormonal levels, particularly estrogen in women 

and testosterone in men. Achieving high peak bone density is crucial because it serves as a 

baseline for bone health; higher peak density generally reduces the risk of developing 

osteoporosis and fractures later in life. After reaching peak bone density, bone mass gradually 

stabilizes and may start to decrease with age, especially after menopause in women and in older 

adults. 

Osteoporosis 

Osteoporosis is a medical condition characterized by weakened bones that are more prone to 

fractures due to a loss of bone mass and density. As the bones become less dense, they become 

brittle and fragile, increasing the risk of fractures even from minor falls or injuries. Osteoporosis 

often develops silently over many years, without noticeable symptoms, making it difficult to 

detect until a fracture occurs. It is most common in older adults, particularly postmenopausal 

women, due to hormonal changes that accelerate bone loss. Risk factors for osteoporosis include 

aging, family history, low calcium and vitamin D intake, lack of physical activity, and certain 

medications or medical conditions. Early detection through bone density testing and lifestyle 

changes can help manage and prevent further bone loss. 

 

 

 

 



T-Scores 

A T-score is a statistical measurement used in bone density testing to compare an individual's 

bone mineral density (BMD) to the average BMD of a healthy young adult of the same sex. It is 

expressed as the number of standard deviations (SD) above or below the average for that 

reference group. A T-score of 0 means the individual's bone density is equal to the average for a 

young, healthy person. A negative T-score indicates lower bone density, with the severity of the 

negative value helping to diagnose the risk of osteoporosis. Typically, a T-score of -1.0 or higher 

is considered normal, a score between -1.0 and -2.5 indicates osteopenia (low bone mass, but not 

low enough to be classified as osteoporosis), and a T-score of -2.5 or lower is diagnostic for 

osteoporosis. The T-score helps guide treatment decisions and assess fracture risk. 

Z-Scores 

A Z-score is a statistical measurement used in bone density testing to compare an individual's 

bone mineral density (BMD) to the average BMD of others of the same age, sex, and ethnicity. It 

is expressed as the number of standard deviations (SD) above or below the average for the 

reference group. A Z-score of 0 means the individual's BMD is exactly the same as the average 

for their age group. A negative Z-score indicates that the individual's bone density is lower than 

expected for their age, while a positive Z-score suggests higher bone density compared to the 

reference group. Typically, a Z-score of -2.0 or lower may suggest that an individual has lower-

than-expected bone density for their age, which could warrant further investigation or 

management, particularly if there are other risk factors for bone health problems. Z-scores are 

often used in younger individuals or those who might not fit typical patterns of bone density loss 

seen with aging. 

Primary and secondary Osteoporosis  

Primary osteoporosis is the most common form of osteoporosis and occurs naturally as part of 

the aging process, primarily due to a decrease in bone mass and density over time. It is typically 

seen in postmenopausal women and older adults and is largely influenced by hormonal changes, 

such as the decline in estrogen levels in women after menopause and lower testosterone in men 

as they age. Secondary osteoporosis, on the other hand, is caused by other underlying medical 

conditions, medications, or lifestyle factors that accelerate bone loss. These can include diseases 

like rheumatoid arthritis, hyperthyroidism, or conditions affecting calcium absorption, as well as 

the use of certain medications like glucocorticoids (steroids). Unlike primary osteoporosis, 

secondary osteoporosis can often be prevented or managed by addressing the underlying cause. 

 

Types of Primary Osteoporosis 

Type 1 and Type 2 primary osteoporosis are both age-related conditions, but they differ in their 

causes and the populations they affect. Type 1 primary osteoporosis, also known as 



postmenopausal osteoporosis, typically occurs in women after menopause due to a decrease in 

estrogen, which accelerates bone loss, particularly in the trabecular bone (spongy bone) of the 

spine and wrists. This type of osteoporosis is characterized by a rapid loss of bone mass in the 

years immediately following menopause. Type 2 primary osteoporosis, also known as senile 

osteoporosis, generally affects both men and women after the age of 70, with bone loss occurring 

more gradually due to the aging process. It involves both trabecular and cortical bone (the dense 

outer layer), and the risk of fractures increases due to a combination of factors, including 

decreased bone formation and slower bone remodeling. While both types lead to weakened 

bones, Type 1 primarily affects postmenopausal women, and Type 2 typically occurs in older 

individuals regardless of sex. 

Types of Bone 

Cortical bone and trabecular bone are the two main types of bone tissue found in the human 

body, each with distinct structures and functions. Cortical bone, also known as compact bone, is 

the dense, hard outer layer of bone that forms the bulk of the skeleton’s structure. It provides 

strength, support, and protection and is responsible for the bone's weight-bearing function. 

Cortical bone makes up about 80% of the total bone mass in the body. Trabecular bone, or 

spongy bone, is found primarily at the ends of long bones, in the vertebrae, and in the pelvis. It 

has a porous, lattice-like structure that makes it lighter and less dense than cortical bone. 

Trabecular bone is more metabolically active, providing a reservoir for calcium and other 

minerals, and is more vulnerable to bone loss in conditions like osteoporosis. Both types of bone 

work together to maintain bone strength and overall skeletal function, with cortical bone offering 

structural support and trabecular bone facilitating metabolic activities. 

Bone Remodeling  

Osteocytes, osteoblasts, and osteoclasts are the three main types of cells involved in bone 

remodeling, a continuous process of bone formation and resorption that maintains bone strength 

and adapts the skeleton to mechanical stress. Osteoblasts are responsible for bone formation; 

they produce the bone matrix, including collagen and other proteins, and facilitate the 

mineralization process by depositing calcium phosphate crystals. Osteocytes are mature bone 

cells that originate from osteoblasts and become embedded in the bone matrix. They play a key 

role in maintaining bone tissue, sensing mechanical stress, and signaling to other bone cells to 

adjust bone density in response to changes in activity or load. Osteoclasts are large, 

multinucleated cells responsible for bone resorption, breaking down bone tissue by secreting 

acids and enzymes that dissolve the mineralized bone matrix. The balanced activity of these three 

cell types ensures that bone is constantly renewed, keeping the skeleton strong and adaptable 

while maintaining mineral homeostasis in the body. 

 

 



Risk factors that cause bone loss 

Several risk factors contribute to bone loss, increasing the likelihood of developing osteoporosis 

or experiencing fractures. Age is a major factor, as bone mass naturally declines with age, 

particularly after menopause in women and in older adults. Gender plays a role as well, with 

women being at higher risk due to hormonal changes (like decreased estrogen levels after 

menopause), which accelerate bone loss. Genetics and family history of osteoporosis can also 

increase the risk, as certain genetic factors affect bone density. Nutrition is crucial, and an 

inadequate intake of calcium and vitamin D can impair bone health, as these nutrients are 

essential for bone formation and mineralization. Physical inactivity and lack of weight-bearing 

exercise can lead to weaker bones, as bones need mechanical stress to maintain strength. 

Smoking and excessive alcohol consumption also contribute to bone loss, as they interfere with 

bone cell activity and mineral absorption. Additionally, chronic use of certain medications, 

such as glucocorticoids (steroids), and conditions like rheumatoid arthritis, hyperthyroidism, 

or intestinal disorders that affect nutrient absorption can increase the risk of bone loss. Finally, 

low body weight and early menopause can further increase susceptibility to bone density 

decline. Managing these risk factors through lifestyle changes, medical treatments, and 

monitoring bone health can help prevent or slow down bone loss. 

Maintaining Bone Density 

Several factors play a crucial role in maintaining bone density and promoting overall bone 

health. Adequate nutrition is one of the most important, with sufficient intake of calcium and 

vitamin D being essential for bone strength. Calcium is a key component of bone structure, while 

vitamin D helps the body absorb calcium effectively. Regular physical activity, especially 

weight-bearing exercises like walking, running, and strength training, helps stimulate bone 

formation and maintain bone mass by promoting mechanical stress on bones. Maintaining a 

healthy weight ensures that bones are appropriately supported without added strain, and healthy 

body composition—especially adequate muscle mass—supports bone structure. Hormonal 

balance is critical, as hormones like estrogen in women and testosterone in men help regulate 

bone density. Preventing smoking and excessive alcohol consumption is also essential, as both 

can impair bone health by disrupting bone remodeling and nutrient absorption. Additionally, 

managing underlying health conditions, such as thyroid disorders or gastrointestinal conditions, 

and avoiding medications that negatively affect bone density, like long-term steroid use, can help 

preserve bone mass. Finally, ensuring proper bone health through regular bone density 

screenings helps detect early signs of bone loss, enabling timely interventions to maintain bone 

strength. 

Pharmaceutical treatments for bone density 

Pharmaceutical treatments for bone density are primarily aimed at preventing bone loss, 

increasing bone density, and reducing the risk of fractures in individuals with osteoporosis or low 

bone mass. Bisphosphonates are the most commonly prescribed medications, including drugs 

like alendronate, risedronate, and zoledronic acid. They work by inhibiting osteoclast activity, 



reducing bone resorption, and helping to maintain bone strength. Denosumab, a monoclonal 

antibody, is another option that works by inhibiting RANKL, a protein that stimulates osteoclast 

activity, thus reducing bone resorption. Selective estrogen receptor modulators (SERMs), such 

as raloxifene, mimic estrogen's bone-preserving effects without some of the associated risks, 

particularly for postmenopausal women. Parathyroid hormone (PTH) analogs, such as 

teriparatide and abaloparatide, stimulate bone formation by activating osteoblasts and are often 

used for individuals with severe osteoporosis or those who have not responded to other 

treatments. Romosozumab, a newer medication, works by both inhibiting bone resorption and 

stimulating bone formation. Additionally, calcium and vitamin D supplements are commonly 

prescribed to ensure that individuals have the necessary nutrients for bone health. These 

medications, often used in combination with lifestyle modifications like exercise and diet, help 

manage bone density, reduce the risk of fractures, and improve overall bone health in individuals 

with osteoporosis. 

Calcium and vitamin D 

Calcium and vitamin D are essential for maintaining good bone health, as they play key roles in 

bone formation, strength, and mineralization. Calcium is the primary mineral found in bones, 

providing structural support and strength. It helps to maintain bone density and prevent bone 

loss, especially as we age. Without adequate calcium, bones can become weak and more prone to 

fractures. Vitamin D is crucial because it enhances the body's ability to absorb calcium from 

food and supplements. Additionally, vitamin D helps regulate calcium levels in the blood and 

supports bone remodeling by promoting the activity of osteoblasts (cells that form bone). As we 

age, the body becomes less efficient at producing vitamin D from sunlight, and dietary intake 

becomes more important. 

For older adults, the recommended daily intake of calcium is about 1,000 mg for adults aged 51-

70 and 1,200 mg for those over 70. Vitamin D recommendations vary, but generally, adults over 

70 should aim for 800-1,000 IU per day. These amounts can help prevent bone loss, improve 

bone density, and reduce the risk of fractures. Adequate calcium and vitamin D intake, along 

with weight-bearing exercise, are vital components of bone health maintenance, particularly for 

older adults who are at increased risk of osteoporosis and fractures. 

Health Insurance Portability and Accountability Act 

HIPAA, the Health Insurance Portability and Accountability Act, is a U.S. federal law designed 

to protect the privacy and security of individuals' health information. Enacted in 1996, HIPAA 

establishes standards for the secure handling, storage, and transmission of personal health 

information (PHI) by healthcare providers, insurers, and other entities involved in the healthcare 

system. The law mandates that individuals' medical records and other health-related data are kept 

confidential and only shared with authorized parties, ensuring that patient privacy is maintained. 

HIPAA also includes provisions for improving the efficiency of the healthcare system through 



electronic health records and provides rights for individuals to access their health information. 

Violations of HIPAA regulations can result in significant fines and legal consequences. 

Contrast Media 

Certain contrast media, typically used in imaging procedures like CT scans or MRIs, can affect 

the results of a DXA scan due to their interference with bone mineral density measurements. 

These contrast agents may temporarily alter the composition or density of the tissues they are 

used to enhance, leading to inaccurate DXA readings. 

Contrast Media that Can Affect DXA Scans: 

1. Barium-based contrast agents (used in gastrointestinal imaging) 14 days 

2. Iodine-based contrast agents (used in CT scans and angiograms) 72 hours 

The interference from these contrast agents is usually temporary. This waiting period allows the 

contrast agents to clear from the body, minimizing their impact on the accuracy of the bone 

mineral density results. It’s always important to inform the technician or healthcare provider if 

contrast media was recently administered to ensure proper scheduling and avoid inaccurate scan 

outcomes. 

ALARA 
 

The ALARA principle, which stands for "As Low As Reasonably Achievable," is a radiation 

protection guideline aimed at minimizing radiation exposure to both patients and healthcare 

workers while still achieving the necessary diagnostic or therapeutic outcomes. The principle 

encourages the use of the lowest possible radiation dose that will provide adequate image quality 

or treatment efficacy. ALARA involves optimizing imaging techniques, such as adjusting 

exposure settings, using protective shielding, and minimizing unnecessary repeat scans, while 

ensuring that the benefits of the procedure outweigh the potential risks of radiation exposure. It is 

a key concept in radiology and nuclear medicine, helping to reduce the potential long-term health 

risks associated with cumulative radiation exposure. 

 

Time Distance and Shielding 
 

Time, distance, and shielding are fundamental principles in radiation protection that help 

minimize exposure to harmful radiation. Time refers to limiting the duration of exposure to 

radiation, as the longer the exposure, the higher the dose received. By reducing the time spent 

near radiation sources, the risk of harm is minimized. Distance involves increasing the space 

between the radiation source and the individual, as radiation intensity decreases with distance. 

By maximizing distance, exposure can be significantly reduced. Shielding involves using 

protective barriers, such as lead aprons or walls, to absorb or block radiation before it reaches the 

person. The combination of these three strategies—reducing time, increasing distance, and using 



shielding—helps protect both healthcare workers and patients from unnecessary radiation 

exposure while ensuring that necessary procedures can be safely conducted. 

Radiation Monitoring 

A dosimeter is a small, wearable device used to monitor and measure an individual’s exposure to 

ionizing radiation, particularly in environments where radiation is used, such as in healthcare 

settings, nuclear power plants, or research facilities. It records the amount of radiation a person is 

exposed to over time, providing important data for ensuring that exposure stays within safe 

limits. Dosimeters come in different types, including film badges, thermoluminescent dosimeters 

(TLDs), and electronic personal dosimeters (EPDs), each with varying methods of detection and 

readout. Regular monitoring with dosimeters is crucial for radiation protection, as it helps track 

cumulative exposure, ensuring compliance with safety standards and preventing harmful levels 

of radiation exposure to workers and patients. 

Dual Energies 

Dual-energy X-ray absorptiometry (DXA) is a technology used to measure bone mineral density 

(BMD) and body composition. Here’s how the dual energies work together: 

1. Two X-ray Energies 

DXA uses two different X-ray beams at distinct energy levels (low and high). The dual-energy 

approach is essential because different tissues (like bone, muscle, and fat) absorb X-rays 

differently depending on their density and composition. 

2. Differentiation 

The X-rays pass through the body, and detectors on the other side measure the intensity of the 

beams after they've passed through tissues. The amount of energy absorbed differs: 

• Bone absorbs more X-rays because it is dense and mineral-rich. 

• Soft tissues (like fat and muscle) absorb less. 

By comparing the absorption rates of the two energy levels, the DXA system can distinguish 

between bone, fat, and lean tissue more accurately than a single-energy X-ray. 

3. Mathematical Calibration 

The machine uses mathematical algorithms to: 

• Subtract the soft tissue signals (fat and muscle) from the total absorption data. 

• Isolate the signal from the bone to calculate its density (BMD). 

Why Use Two Energies? 



The two energy levels ensure that the absorption differences between tissues are more apparent. 

Without this, it would be challenging to differentiate soft tissue from bone accurately. 

Applications: 

• Bone Health: DXA is commonly used to diagnose osteoporosis, assess fracture risk, and 

monitor bone density over time. 

• Body Composition: It can provide detailed breakdowns of fat mass, lean mass, and bone 

mass. 

This dual-energy approach makes DXA one of the most precise and widely used methods for 

assessing bone health and body composition! 

DXA Components 

A DXA scanner consists of three main components: the X-ray source, the detector system, and 

the computer processing unit. The X-ray source emits two energy levels of X-rays that pass 

through the body, while the detector system measures the intensity of the beams after they 

interact with tissues. This data is then sent to the computer processing unit, which uses 

algorithms to differentiate between bone, fat, and lean tissue by analyzing the absorption patterns 

of the dual-energy beams. Additionally, the scanner includes a movable arm for precise 

positioning and a patient table to ensure stability during the scan. 

K-edge Filters (GE Lunar) 

A DXA machine with a K-edge filter uses a specialized filter to separate the X-ray beam into 

two distinct energy levels, which are optimized for tissue differentiation. The K-edge filter, 

typically made of a material like cerium or samarium, is placed in the path of the X-ray beam 

and selectively absorbs certain photon energies, allowing only the desired high and low energy 

ranges to pass through. This ensures that the two energy levels are well-defined and enhances the 

accuracy of measurements. The dual-energy beams then pass through the body, and the detector 

system captures the absorption data, which the computer processes to distinguish between bone, 

fat, and lean tissues. This approach improves precision and reduces radiation dose compared to 

traditional methods. 

Energy Switching DXA Machines 

A DXA machine with energy switching components alternates between two X-ray energy 

levels by rapidly adjusting the X-ray tube voltage during the scan. Instead of using a K-edge 

filter, the X-ray source generates low and high energy beams in sequence, switching back and 

forth between them. The detector captures the intensity of each energy level after the beams pass 

through the body, and the computer processes the alternating data to differentiate between bone, 

fat, and lean tissues. This method ensures precise energy separation and allows for accurate 

tissue analysis while maintaining efficiency and minimizing radiation exposure. 



DXA Detectors 

The detectors in a DXA machine measure the intensity of X-ray beams after they pass through 

the body, capturing the data needed to differentiate tissues. They consist of high-sensitivity 

sensors, often made from scintillating materials or semiconductor technology, which convert the 

incoming X-rays into electrical signals. These signals represent the amount of X-ray absorption 

by different tissues (bone, fat, or lean mass) at two energy levels. The detectors then send this 

information to the computer processing unit, where algorithms analyze the data to calculate bone 

mineral density and body composition. High-resolution detectors ensure accuracy and minimize 

noise for precise measurements. 

DXA Fan X-Ray Beams 

A DXA machine with fan beams uses a narrow, fan-shaped X-ray beam to scan the body. Unlike 

traditional pencil beams, which scan one point at a time, the fan beam covers a wider area in 

each pass, allowing for faster scans and higher resolution images. The beam is projected through 

the body, and an array of detectors measures the X-ray absorption across the fan's width. This 

method reduces scan time and provides detailed spatial resolution, enabling accurate 

differentiation of bone, fat, and lean tissues. The fan beam design is particularly useful for larger 

body areas, such as the spine or hips, while maintaining precision. 

Bone Mineral Density Measurement 

DXA machines measure bone mineral density (BMD) by calculating the amount of bone 

mineral content (BMC) in a specific area of the bone. The X-ray beams pass through the body, 

and the detectors measure how much of the energy is absorbed by the bone. The machine 

determines the BMC, which is the total mineral mass (in grams), and divides it by the scanned 

bone area (in square centimeters) to calculate the BMD, expressed as grams per square 

centimeter (g/cm²). This precise calculation helps assess bone strength and diagnose conditions 

like osteoporosis. 

DXA Accuracy  

Accuracy during DXA scanning is crucial to ensure reliable and consistent results for diagnosing 

and monitoring bone health and body composition. Accurate measurements are essential for 

detecting small changes in bone mineral density (BMD) over time, assessing fracture risk, and 

evaluating the effectiveness of treatments like osteoporosis medications. Inaccurate scans can 

lead to misdiagnoses, incorrect treatment plans, or failure to detect clinically significant changes. 

Factors such as proper patient positioning, calibration of the machine, and minimizing movement 

are vital to maintaining accuracy and ensuring the results reflect the true bone density and 

composition of the individual. 

 



DXA Precision 

Precision during DXA scanning is essential for ensuring consistent and reproducible 

measurements over time, which is critical for monitoring changes in bone mineral density 

(BMD) and body composition. High precision allows healthcare providers to detect even small, 

clinically significant changes in BMD, such as those caused by aging, disease progression, or 

treatment effects. Without precision, variations between scans could obscure true changes, 

leading to misinterpretation or ineffective treatment adjustments. Factors like consistent patient 

positioning, calibration, and using the same machine and protocols for follow-up scans all 

contribute to maintaining precision and reliable long-term assessments. 

Precision and Accuracy 

Precision and accuracy work together in DXA scanning to ensure that results are both reliable 

and reflective of a patient’s true bone mineral density (BMD) and body composition. Accuracy 

ensures that the measurements align with the actual values of bone and tissue characteristics, 

while precision ensures that repeated scans produce consistent results. High accuracy minimizes 

systematic errors, and high precision reduces variability, enabling the detection of small changes 

over time. Together, they provide the foundation for trustworthy results that are critical for 

diagnosing conditions like osteoporosis, tracking disease progression, and evaluating treatment 

efficacy. Without both, the clinical value of DXA results would be compromised. 

DXA Precision Studies 

A DXA precision study is a research or clinical evaluation designed to assess the repeatability 

and consistency of a DXA machine’s measurements over time. It involves taking multiple scans 

of the same subject under controlled conditions to determine the degree of variation between the 

scans. The study typically focuses on key parameters like bone mineral density (BMD) and body 

composition, testing the machine’s ability to produce consistent results when measuring the same 

bone or tissue area. By analyzing the results, researchers can calculate the coefficient of 

variation (CV), which quantifies the level of precision, and ensure that the machine can reliably 

detect small changes in BMD or body composition across different scans. The findings of such 

studies help validate the machine's performance, providing confidence in its clinical and research 

applications. 

Daily quality assurance (QA) 

Daily quality assurance (QA) is performed on DXA machines to ensure that they are operating 

correctly and producing accurate, consistent results. This routine check involves running tests 

that assess the machine’s calibration, mechanical function, and imaging performance. By 

performing daily QA, operators can detect any potential issues—such as drift in calibration, 

equipment malfunctions, or changes in software performance—before they affect clinical 

measurements. Regular QA helps maintain the precision and accuracy of the machine, ensuring 



that bone mineral density (BMD) and body composition assessments remain reliable, thereby 

supporting accurate diagnoses and treatment monitoring. It also helps extend the lifespan of the 

equipment and reduces the risk of errors in patient care. 

DXA Cross Calibration 

DXA cross calibration is performed to ensure consistency and comparability of results between 

different DXA machines, particularly when multiple machines are used across various locations 

or studies. Since DXA devices may have slight differences in calibration, scanning techniques, or 

software, cross calibration involves comparing measurements from a new or different machine to 

a reference or established machine. This process helps to align the results so that they are 

consistent across all machines, ensuring that bone mineral density (BMD) and body composition 

data remain accurate and comparable, even if patients are scanned on different devices. Cross 

calibration is especially important in multicenter studies, long-term monitoring, or when 

transitioning from one machine model to another. 

Lumbar Spine Anatomy 

The lumbar spine consists of five large, sturdy vertebrae (L1–L5) located in the lower back, 

between the thoracic spine and the sacrum. These vertebrae are designed to support the weight of 

the upper body and allow for a wide range of motion, including flexion, extension, and rotation. 

Each lumbar vertebra has a thick, kidney-shaped vertebral body for weight-bearing, a vertebral 

arch to protect the spinal cord, and various processes (spinous, transverse, and articular) for 

muscle and ligament attachment. The intervertebral discs between the vertebrae act as shock 

absorbers, and the spinal canal houses and protects the cauda equina, a bundle of nerves. The 

lumbar spine's structure provides stability, flexibility, and protection for vital neural structures 

while supporting body movements. 

Lumbar Spine Scan 

Performing a DXA scan on the lumbar spine involves measuring bone mineral density (BMD) in 

the lower back to assess bone health, particularly for conditions like osteoporosis. The patient 

lies flat on the scanning table, with their legs elevated or supported to flatten the lower spine and 

reduce lumbar lordosis, ensuring proper positioning. The DXA machine passes a low-dose X-ray 

beam over the lumbar region, typically focusing on vertebrae L1 to L4. The detectors capture 

how much of the X-ray energy is absorbed by the bones, and the computer calculates the BMD. 

Proper positioning, calibration, and attention to artifacts like implants or scoliosis are critical to 

obtaining accurate and reliable results. The scan is quick, painless, and a key diagnostic tool for 

evaluating bone health. 

 

 



Hip Anatomy 

The proximal femur and hip form a ball-and-socket joint that provides stability and a wide range 

of motion for the lower limb. The proximal femur includes the femoral head, which fits into the 

acetabulum of the pelvis to form the hip joint, and the femoral neck, a narrow region connecting 

the head to the shaft. Below the neck are the greater trochanter and lesser trochanter, which 

serve as attachment points for muscles involved in hip movement. The shaft of the femur extends 

downward and supports weight during activities like walking or running. The hip joint is 

stabilized by strong ligaments, cartilage, and surrounding muscles, enabling smooth and stable 

motion while bearing the body’s weight. This anatomical structure plays a vital role in mobility 

and balance. 

Hip Scan 

A DXA scan of the hip measures bone mineral density (BMD) in the proximal femur to assess 

bone health and fracture risk. During the scan, the patient lies flat on the scanning table, with the 

leg of the target hip positioned in slight 15 degree internal rotation to standardize the alignment 

and expose the femoral neck for accurate measurement. The DXA machine passes a low-dose X-

ray beam over the hip, focusing on key regions like the femoral neck, greater trochanter, and 

total hip. The detectors capture the X-ray absorption data, and the computer calculates the BMD. 

Proper patient positioning, avoidance of movement, and attention to artifacts like implants are 

crucial to obtaining precise and reliable results. The hip scan is a critical tool for diagnosing 

osteoporosis and monitoring bone health. 

Wrist Anatomy 

The wrist is a complex joint that connects the forearm to the hand, providing mobility and 

stability for hand movements. It consists of eight carpal bones arranged in two rows: the 

proximal row (scaphoid, lunate, triquetrum, and pisiform) and the distal row (trapezium, 

trapezoid, capitate, and hamate). These bones articulate with the radius and ulna of the forearm 

and the metacarpal bones of the hand. Ligaments and cartilage stabilize the wrist, including the 

triangular fibrocartilage complex (TFCC), which supports the joint and allows for smooth 

movement. The wrist facilitates a wide range of motions, including flexion, extension, radial 

deviation, ulnar deviation, and circumduction, making it essential for hand function. 

Forearm Anatomy 

The distal forearm is the region near the wrist where the radius and ulna bones articulate with 

the carpal bones to form the wrist joint. The radius is the primary bone involved in weight 

transmission to the wrist, while the ulna plays a stabilizing role. At the distal end, the radius has a 

widened base, including the radial styloid process, and articulates with the scaphoid and lunate 

bones of the wrist. The ulna ends in the ulnar head and ulnar styloid process, contributing to 

the stability of the wrist through the triangular fibrocartilage complex (TFCC). This region also 



contains tendons, nerves (like the median and ulnar nerves), and blood vessels that pass through 

to supply the hand. The distal forearm supports wrist and hand movements, making it vital for 

mobility and dexterity. 

Forearm Scan 

A DXA scan of the wrist is typically performed on the non-dominant forearm to measure bone 

mineral density (BMD) in the distal radius and ulna, areas prone to fractures in conditions like 

osteoporosis. During the scan, the patient sits or lies on the table with the forearm positioned flat 

on the scanning surface, ensuring the wrist is properly aligned. The DXA machine passes a low-

dose X-ray beam over the wrist, focusing on the distal forearm, while the detectors measure X-

ray absorption to calculate BMD. Proper positioning, calibration, and avoiding artifacts like 

jewelry or movement are essential for accurate results. Wrist DXA scans are often used when hip 

or spine scans are not feasible or to assess bone health in individuals at risk of forearm fractures. 

FRAX 

FRAX (Fracture Risk Assessment Tool) is a clinical tool developed by the World Health 

Organization (WHO) to estimate an individual's 10-year probability of experiencing a major 

osteoporotic fracture (hip, spine, forearm, or shoulder) and specifically a hip fracture. It 

integrates clinical risk factors, such as age, sex, weight, smoking, alcohol use, prior fractures, 

family history of hip fractures, and medical conditions like rheumatoid arthritis, along with bone 

mineral density (BMD) at the femoral neck (if available). FRAX uses country-specific 

algorithms to account for differences in fracture risk and healthcare environments. This tool 

helps healthcare providers assess fracture risk more comprehensively and guide treatment 

decisions for osteoporosis and fracture prevention. 

VFA 

DXA Vertebral Fracture Assessment (VFA) scans are specialized imaging studies performed 

using DXA machines to detect and assess fractures in the thoracic and lumbar spine. Unlike 

standard bone mineral density (BMD) scans, VFA uses a low-dose X-ray to capture a detailed 

lateral view of the spine, allowing clinicians to identify vertebral deformities or fractures that 

may indicate osteoporosis or increased fracture risk. This assessment is quick, non-invasive, and 

often done alongside routine BMD measurements to provide a more comprehensive evaluation 

of bone health. VFA scans are particularly useful for identifying silent vertebral fractures, which 

may not cause symptoms but significantly increase future fracture risk. 

Total Body Composition Scans 

DXA Total Body Composition scans provide a detailed analysis of an individual's body 

composition, measuring the distribution of bone, lean tissue (muscle), and fat. Unlike traditional 

weight or body mass index (BMI) measurements, DXA scans use low-dose X-ray beams to 

differentiate between these tissues with high precision. The scan produces a comprehensive 

report, showing total body fat percentage, fat mass, lean mass, and bone mineral content, as well 



as regional distribution of these components. Total body DXA scans are useful in various 

settings, including monitoring weight management, assessing body fat distribution in clinical 

conditions, evaluating athletic performance, and tracking changes in muscle and fat during 

treatments or fitness programs. 

QCT 

Quantitative Computed Tomography (QCT) scans are advanced imaging techniques used to 

assess bone density, particularly in the spine and hip, by creating detailed 3D images of the bone 

structure. Unlike traditional DXA scans, which measure bone mineral density (BMD) in a two-

dimensional plane, QCT provides a more accurate, volumetric measure of bone density by 

directly evaluating the bone’s trabecular (spongy) and cortical (dense) components. This ability 

to separate trabecular and cortical bone makes QCT especially useful in detecting early bone 

loss, assessing fracture risk, and evaluating bone health in patients with conditions like 

osteoporosis. QCT scans are more sensitive than DXA for certain bone areas but are less 

commonly used due to higher radiation exposure and cost. 

Summary 

DXA (Dual-energy X-ray absorptiometry) scanning is a non-invasive, precise imaging technique 

primarily used to measure bone mineral density (BMD), which is crucial for diagnosing and 

managing conditions like osteoporosis. Osteoporosis is a disease characterized by weakened 

bones that are more prone to fractures, and BMD measurement plays a vital role in assessing an 

individual's risk of fractures. By accurately measuring BMD, DXA scans help identify 

individuals at higher risk of fractures, enabling healthcare providers to intervene early with 

lifestyle modifications or medications to prevent bone loss and fractures. 

In addition to bone health, DXA scanning can assess body composition, providing valuable 

insights into an individual’s lean tissue mass (muscles) and fat mass. This application is widely 

used in sports science, weight management, and clinical nutrition to evaluate body composition 

in ways that traditional weight or BMI measurements cannot. By analyzing bone, muscle, and fat 

distribution, DXA scanning helps in personalized treatment plans, assessing metabolic health, 

and tracking the effectiveness of exercise or dietary programs. 

The importance of DXA scanning lies in its ability to offer detailed, reliable, and consistent 

measurements, making it an essential tool in both clinical settings and research. The scans are 

quick, painless, and offer the benefit of a low radiation dose compared to other imaging methods, 

such as CT or MRI scans. Whether for routine health assessments, fracture risk predictions, or 

monitoring bone health over time, DXA scanning has become a cornerstone in the management 

of bone diseases and body composition analysis. 
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