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Abstract Sarcopenia is a condition characterized by

progressive and generalized reduction in skeletal muscle

mass and muscle strength, associated with an increased risk

of adverse outcomes (disability, hospitalization, death).

The growing attention in the last years, aiming to establish

a consensus definition and treatment, reflects the interest of

the scientific community toward this complex condition,

which has many implications in clinical practice and public

health. Dual-energy X-ray absorptiometry (DXA) is the

gold-standard technique in the analysis of body composi-

tion at molecular level, providing assessment and quan-

tification of fat mass, lean mass and bone mineral content,

both in a single body region of interest and at whole-body

level. In particular, through the assessment of non-bone

lean mass parameters, such as appendicular lean mass

adjusted for BMI or height (ALM/BMI and ALM/ht2,

respectively), it is possible to discriminate subjects with

‘‘physiological’’ loss of muscle mass from those with

‘‘pathological’’ impoverishment of this compartment,

referring to specific cutoff values validated in the literature,

but keeping in mind the lack of standardization of DXA

measures. In addition, it is useful in treatment planning,

estimating resting energy expenditure, and in follow-up,

because it allows quantifying with high reproducibility the

modifications in BC, distinguishing when the change is

biological (deterioration due to a progression of the disease

or improvement due to treatment). Due to DXA favora-

bility in terms of accuracy, simplicity, availability, low cost

and low radiation exposure, its role in sarcopenia diagnosis

is becoming increasingly important, emerging as reference

assessment technique in muscle mass evaluation.
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Introduction

Sarcopenia is a condition increasingly recognized as an

extremely important public health issue. Due to its widely

demonstrated association with poor quality of life [1–3],

greater risk of mortality [4, 5], mobility disability [6, 7] and

risk of hospitalization [8], sarcopenia currently has, and

will have even more in the future, a dramatic impact on

public health, both at the patient level, as it impairs quality

of life and it is associated with several adverse outcomes,

and at the social level, as it results in higher healthcare

costs in terms of days of hospitalization, nursing home

placement, home and ambulatory care [9]. Since the

number of people around the world aged C60 years is

expected to increase approximately from 600 million in the

year 2000 to 1.2 billion by 2025 and 2 billion by 2050

(according to the World Health Organization), this implies

that sarcopenia will become an ever-increasing problem for

the healthcare expenditures. In 2004, Jansen et al., carried

out a cross-sectional survey in order to estimate the
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economic impact of sarcopenia in the USA, assessing how

it could be limited by reducing sarcopenia prevalence; in

2000, the costs of sarcopenia in terms of hospitalization,

home care and outpatient treatment, affected health burden

for a total of 10.8 billion dollars, which represented 1.5 %

of total healthcare expenditure. It was estimated that a

10 % reduction in sarcopenia prevalence would result in

savings of 1.1 billion dollars per year in US healthcare

costs [10]. Nevertheless, since sarcopenia is an operational

definition, which still has no broadly accepted consensus

definition, an accurate assessment of its actual prevalence

remains a challenge [9]. The term ‘‘sarcopenia’’ was first

proposed by Irwin Rosenberg [11], from the Greek root

‘‘sarx’’ (meaning flesh) and ‘‘penia’’ (meaning loss) to

indicate the age-related decrease in muscle mass with

aging, concept which was already been investigated in

some studies [12] as part of the structural and functional

age-related decline, but which had not yet been framed as a

disease phenomenon able to induce a disability. Actually,

since then, the concept of sarcopenia was investigated in an

increasing number of studies, to determine a focused def-

inition, epidemiology, etiology and therapy. Over the past

decades, several authors proposed definitions of sarcope-

nia. Among these, the study of Baumgartner [13] is of

particular importance, where the author suggested useful

indices of skeletal muscle mass and cutoff values of ref-

erence for sarcopenia diagnosis (Table 1). Recently, vari-

ous studies showed [14, 15] that the loss of lean mass is not

a critical factor by itself in determining poorer physical

function, impaired quality of life and physical disability,

but it is the combination of both loss of strength and mass

to be a strong predictor of loss of physical performance

with consequent adverse outcomes. The importance of a

clinically relevant decrease in muscle mass (the presence of

a decline in skeletal mass able to determine a muscle

weakness) has become a key element in the more recent

studies on sarcopenia: Nowadays, it is globally shared that

the concepts of low lean mass and decreased muscle

function should necessarily be incorporated both into its

definition. According to this trend line, several

Table 1 Main proposed operational definitions of sarcopenia using DXA for assessment of body composition

Study

group

Definition Criteria

Muscle mass Muscle function

Tool suggested for

assessment of body

composition

Muscle

strength

Physical

performance

Baugmarter
et al. [13]

‘‘Muscle mass decreases with age,
leading to ‘sarcopenia,’ or low
relative muscle mass, in elderly
people’’

ASM/ht2[2SD below the sex-specific
mean in a young healthy reference
population

DXA X X

IWGS [16] ‘‘Sarcopenia is the age-associated
loss of skeletal muscle mass and
function. Sarcopenia is a complex
syndrome that is associated with
muscle mass loss alone or in
conjunction with increased fat
mass’’

ALM/ht2

Men B7.23 kg/m2

Women B5.67 kg/m2

(i.e., less than 20 % tile of values for
healthy young adults)

DXA X Gait speed
\1.0 m/s

EWGSOP
[17]

‘‘Sarcopenia is a syndrome
characterized by progressive and
generalized loss of skeletal muscle
mass and strength with a risk of
adverse outcomes such as physical
disability, poor quality of life and
death’’

Presarcopenia

Reduced muscle massa
DXA or BIA X X

Sarcopenia

Reduced muscle massa
DXA or BIA Reduced

muscle
strengtha

OR Gait speed
\0.8 m/
s

Severe sarcopenia

Reduced muscle massa
DXA or BIA Reduced

muscle
strengtha

AND Gait speed
\0.8 m/
s

FNIH [18] ‘‘Clinically relevant weakness and
low lean mass’’

ALMBMI

Men\0.789

Women\0.512

DXA Grip
strength

Men
\26 kg

Women
\16 kg

Gait speed\0.8

ASM appendicular skeletal mass, ALM/ht2 ratio of appendicular lean mass over height squared, SD standard deviation, ALMBMI ratio of

appendicular lean mass over body mass index
a Several cutoff points indicated
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international working groups have published in recent

years new consensus definitions of sarcopenia; in most of

them, the suggested technique for assessment of muscle

mass is DXA. The main operational definitions of sar-

copenia, proposed by the International Working Group on

Sarcopenia (IWGS) [16], the European Working Group on

Sarcopenia in Older People (EWGSOP) [17] and the

Foundation for the National Institutes of Health (FNIH)

[18] Sarcopenia Project, are summarized in Table 1. Nev-

ertheless, several techniques are available for assessment of

body composition: Table 2 shows main advantages and

disadvantages of each technique, while Table 3 presents

the cutoff points for the diagnosis of sarcopenia in the

literature.

Dual-energy X-ray absorptiometry

Dual-energy X-ray absorptiometry (DXA) is the standard

technique in the analysis of BC at molecular level, and it is

based on a three-compartment model: fat mass, lean mass

and body mineral content (FM, LM and BMC, respectively)

[19, 20]. DXA is based on physical principle of measure-

ment of the X-ray transmission in crossing tissues of the

human body at two different energy levels. The radiation

energies are variably attenuated (absorbed or scattered) by

anatomical structures, depending on the intensity of energy

and on the density and thickness of human tissues.

Attenuation of X-ray beam decreases with increasing

photon energy. Low-density materials (i.e., soft tissue)

Table 2 Main advantages and disadvantages of each technique in assessment of body composition

Technique Advantages Disadvantages

DXA High precision, accuracy and reproducibility

Quick and noninvasive

Good availability

Low radiation exposure

Able to differentiate FM, LM and BMC

Possibility of obtaining regional measures (e.g., ALM)

Variability of instrument calibration procedures, hardware and

software version between manufacturers

Requires specific technical skills and operator experience

Contraindicated in pregnancy

Body thickness and hydration status may influence the

measurements

Inability to discriminate the different types of fat (visceral,

subcutaneous and intramuscular)

BIA Quick and noninvasive

Good availability

No radiation exposure

Ease of use

Results based on population-specific regression equations, not

always available

Variation in hydration status of the patient, in the positioning of the

electrodes and in numerous other variables may alter consistently

the results

CT High accuracy and reproducibility

High image resolution

Able to discriminate the different tissues at anatomical

level, also estimating the degree of fat infiltration into

the muscle

Requires specific technical skills and operator experience

High cost

High radiation exposure

Not always available

Requires high patient compliance

MRI High accuracy and reproducibility

High image resolution

Most accurate technique able to discriminate the different

tissues at anatomical level

Most accurate estimation of the degree of fat infiltration

into the muscle

Requires specific technical skills and operator experience

High cost

Scarcely available

Requires high patient compliance

US Quick and noninvasive

Good availability

No radiation exposure

Able to estimate the degree of fat infiltration into the

muscle

Low cost

Requires specific technical skills and operator experience

Requires high patient compliance

Low reproducibility (operator-dependent results)

Experience in evaluation of body composition is still limited

Anthropometry Quick and noninvasive

Easily obtained

Inexpensive

Significant interobserver variability.

Low reproducibility and vulnerability to error

Absence of consistent cutoff values

No assessment of body composition
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allow more photons to pass through; thus, they attenuate

the X-ray beam lesser than materials with higher density as

bone. The difference in the attenuation of the two X-ray

energy peaks is specific for each tissue. DXA estimates the

R-value, which is the ratio of attenuation coefficients at the

two different energy levels. R-value of soft tissue varies

depending on subject’s soft tissue composition (the lower

are R-values, the higher is fat percentage), while it is

constant for bone and fat in all patients. Although DXA

provides three BC measurements (FM, LM and BMC—

regionally and whole body), it does not measure directly

the three components. In pixels containing bone, which are

about 40–45 % of total pixels in a total-body scan, DXA

distinguishes bone from soft tissue (FM ? LM) [21–23]:

The quantity of FM and LM is deducted on the basis of the

FM/LM calculated in neighboring bone-free pixels,

assuming therefore that the amount of fat over bone is the

same as that over the adjacent bone-free tissues. Densito-

meters may use different kinds of X-ray beams. Pencil

beam densitometers are characterized by a singular beam

of X-ray and a single detector. Although the pencil beam is

considered the gold standard for precision, the scan time is

increased for the single beam to cover the body. In the fan

beam DXA (wide-angle fan beam), the X-ray tube emis-

sions are received by multiple detectors, which are swept

across the region under investigation. These systems pro-

vide shorter scan times and better resolution, but there is a

minimal image distortion due to magnification of the tissue

and a higher radiation exposure. Third-generation DXA is

the narrow-angle fan beam (micro-angle fan beam):

Table 3 Review of main cutoff points suggested in the literature

Technique Cutoff points Reference population Study group

Muscle mass

DXA ASM/height2

Men\7.23 kg/m2

Women\5.45 kg/m2

Based on 2SD below mean of young adults (Rosetta

study), using Lunar DPX

Baugmarter et al. [13]

SMI (ASM/height2)

Men\7.23 kg/m2

Women\5.67 kg/m2

Based on sex-specific lowest 20th percentile (Health

ABC study), using QDR 4500A, Hologic

Newman et al. [104]

ALM/height2

Men B7.23 kg/m2

Women B5.67 kg/m2

Based on sex-specific lowest 20th percentile in a

population of young adults, using QDR 4500A,

Hologic

International Working Group on Sarcopenia

(IWGS) [16]

ALM/height2

Men\7.0 kg/m2

Women\5.4 kg/m2

Based on best available data in sarcopenia researches

from Asian countries

Asian Working Group for Sarcopenia

(AWGS) [105]

ALMBMI

Men\0.789

Women\0.512

Based on data from nine sources of community-

dwelling older persons (n = 26,625), using 4500

Hologic, 2000 Hologic, Lunar Prodigy

Foundation for the National Institutes of

Health (FNIH) [18]

Muscle strength

Handgrip

strength

Men\26 kg

Women\18 kg

Based on best available data in sarcopenia researches

from Asian countries

Asian Working Group for Sarcopenia

(AWGS) [105]

Men\26 kg

Women\16 kg

Based on data from nine sources of community-

dwelling older persons (n = 26,625)

Foundation for the National Institutes of

Health (FNIH) [18]

Physical performance

Usual gait

speed

B0.8 m/s Based on available data defining sarcopenia cutoff

points

European Working Group on Sarcopenia in

Older People (EWGSOP) [17]

\1 m/s Consensus of an international group of geriatricians and

scientists

International Working Group on Sarcopenia

(IWGS) [16]

\0.8 m/s Based on best available data in sarcopenia researches

from Asian countries

Asian Working Group for Sarcopenia

(AWGS) [105]

\0.8 m/s Based on data from nine sources of community-

dwelling older persons (n = 26,625)

Foundation for the National Institutes of

Health (FNIH) [18]

SSPB \8 Based on data from Established Populations for the

Epidemiologic study of the Elderly (ESPESE)

Guralnik et al. [6]

ASM appendicular skeletal mass, SMI skeletal mass index, ALM appendicular lean mass, DXA dual energy X-ray absorptiometry, BMI body mass

index, SSPB short physical performance battery
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Although it is still a fan beam, the narrow angle uses

multiple passes to acquire multiple images. Image recon-

struction combines these images to mesh the precision of

pencil beam and the speed of a fan beam system [23].

In conclusion, the latest generation densitometers allow

the evaluation of BC with a single whole-body scan (that

means low radiation exposure and fast acquisition time),

providing high-resolution images (almost comparable to a

radiological image) and very accurate and precise data

(thanks to a minimal magnification of image) [24–28].

Methodological aspects

DXA measurements are susceptible of various pitfalls and

errors that can be distinguished in technical errors (incor-

rect positioning of the patient and inaccuracies in image

post-processing) and biological variation (hydration status

influenced by exercise and diet), which should be consid-

ered for the development of adequate standardized proto-

cols of acquisition and for proper selection of patients to be

examined. It is necessary to ensure that the patient does not

wear clothes that could attenuate the X-ray beam, such as

zippers, buttons, buckles and other metal objects.

The patient’s body is placed at the center of the

table scan, using the center line on the table as a reference

for proper alignment, with the head in a neutral position,

avoiding any hyperflexion and hyperextension, about 3 cm

below the upper horizontal line of the scan area. The

patient’s arms are positioned along the body If possible, the

hands must not touch the legs, and there should be a gap of

minimum 1 cm between arms and trunk without exceeding

the lines of the scan [29, 30]. To reduce any patient

movement that may affect the accuracy of the examination,

Velcro straps are used to tie thumbs with fingers, knees and

ankles together [29, 30]. If the patient is too high or too

wide to fit in the scan area, some tricks may be used. When

the height of the subjects exceeds the scan area, they can be

positioned so that the feet are included in the scan, even-

tually leaving out the skull. The composition of the head in

fact is assumed to be constant, differently to that of the

lower limbs. It is necessary, however, to ensure that jaw is

not excluded, since the lowest line that delimits the area of

the head is a reference in the determination of the other

ROIs [29]. Alternative options may be to perform the

examination with a knee-bent position or to sum two

examinations [31]. When the width of the subject exceeds

the scan area, a trick to include the entire body in the scan

field may be to change the position of the hands, placing

them vertically to the densitometer. If even in this case the

patient’s body is not completely comprised within the

limits of the scan area, another adjustment allows an esti-

mation of the not imaged body side on the basis of the

examined body half, assuming that body symmetry may be

to perform (‘‘half-body analysis’’) [29, 32].

It has been shown that the recent intake of a meal may

produce an increase in total and trunk lean mass of both

males and females [33]. Also, exercise or substantial

physical activity may affect the reliability of DXA esti-

mates due to expansion or reduction in body fluid com-

partments determined by dehydration and/or increased

blood flow and capillary dilation [34], especially reducing

total-body LM (because of dehydration) and increasing

trunk LM (because of the exercise-induced distribution of

blood volume to the limbs). Moreover, environmental

factors such as the ambient temperature and the extent of

water consumption may affect the hydration status and

therefore the evaluation of BC [34].

Standardization of methodology (patient fasting, rested,

euhydrated with standardized positioning and scanning) is

an important expedient to obtain measurements the best

possible reproducible, allowing a confident detection of

any small but potentially ‘‘real’’ change, reducing potential

confounding factors associated with the technical and

biological variability.

Clinical aspects

According to the ISCD Official Positions for adults, total-

body (without head) values of BMI, BMD, BMC, total

mass, total lean mass, total fat mass and percent fat mass

should appear on all reports.

Other more specific measures of adiposity and lean mass

are optional and include lean mass index (LMI: total lean

mass/ht2), appendicular lean mass (ALM: arms LM ? legs

LM), appendicular lean mass index (ALMI: appendicular

lean mass/ht2), skeletal muscle mass index (SMI: ALM/

ht2), visceral adipose tissue (VAT), android/gynoid percent

fat mass ratio, trunk to leg fat mass ratio, fat mass index

(FMI: fat mass/ht2). As already explained, SMI, ALM,

ALMI and ALMIBMI have been proposed as parameters in

the assessment of a reduction in muscle mass, which, as

already seen, is a key element in the diagnosis of

sarcopenia.

In addition, LMI determined with DXA may be a

potentially useful indicator of nutritional status, and it may

have an important role also when studying socioeconomic

status in children [35]. Furthermore, it has been demon-

strated an association of a low LMI with certain patho-

logical conditions, like osteoporosis [36], low bone mass

and low BMD [37, 38], polycystic ovarian syndrome [39],

lung pathologies [40] and chronic kidney disease [41]. In

obese patients, where an excess of body fat may be asso-

ciated with a reduced muscle mass and/or strength (sar-

copenic obesity), SMI can be a useful indicator for

Aging Clin Exp Res (2016) 28:1047–1060 1051
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identification of subjects with increased risk of sarcopenic

obesity or of metabolic syndrome [42].

Therefore, according to the ISCD ‘‘the utility of

reporting ALMI in every patient referred for DXA BC

should be assessed’’ [43].

Why use DXA instead of other body composition

techniques?

CT and MRI are still considered, at the present moment,

the ‘‘gold standard’’ for body composition studies [44, 45].

Both techniques allow discriminating the different tissue

types, providing measurements at compartmental tissue

level of skin, skeletal muscle and adipose tissue (with its

attendant nonfat components) [45], whereas DXA, as

already explained, allows the analysis of BC at the

molecular level, assessing FM, LM and BMC.

Computed tomography allows discriminating the dif-

ferent tissue types on the basis of their characteristics of

attenuation on the X-ray beam, also estimating the degree

of fat infiltration into the muscle and quantifying the fat-

free skeletal muscle. CT is able to supply, therefore,

information on the ‘‘muscle quantity’’ [46] (the decline

with aging is a central aspect of sarcopenia), as well as

information on muscle composition (fatty infiltration into

skeletal muscle is widely recognized to contribute to the

reduction in muscular strength and quality) [47–49]. MRI

is another imaging technique able to provide high-resolu-

tion body images, clearly identifying the different tissue

types and estimating the intramuscular adipose tissue on

the basis of the chemical molecular properties of the dif-

ferent anatomical compartments.

Differently, DXA-derived FM is a chemical compart-

ment (triglycerides), which differs from the adipose tissue

meant as an anatomical compartment, constituted by adi-

pocytes, collagenous and elastic fibers, fibroblast and

capillaries [50], measured by MRI or CT. Thus, DXA-

derived FM is lower than CT- or MRI-derived adipose

tissue, being closer to adipose tissue minus its protein,

mineral and water content [51]. Similarly, DXA-derived

LM is higher than skeletal muscle mass measured by CT or

MRI, because it includes the sum of body water, total-body

protein, carbohydrates, nonfat lipids and soft tissue mineral

[50]. It is therefore closer to skeletal muscle tissue plus

skin, connective tissues, lean components of the adipose

tissue and organ lean tissues [51, 52].

Despite differences in absolute values between FM and

LM measured with DXA and skeletal muscle tissue and

adipose tissue measured with CT or MRI, studies have

found a strong correlation between fat mass assessed by

DXA and adipose tissue evaluated by CT or MRI; the same

correlation was observed between lean mass assessed by

DXA and skeletal muscle tissue evaluated by CT or MRI.

Therefore, DXA is an accurate and feasible technique in

predicting skeletal muscle mass and fat mass compartments

[45, 51, 53, 54].

In particular, ALM has proved to be the best predictor

for skeletal muscle mass, according to the high correlation

between DXA-derived ALM and MRI-derived skeletal

muscle mass for the total body as evaluated by Chen et al.

(r = 0.95) [51].

Nevertheless, despite their accuracy and precision, CT

and MRI have a number of disadvantages compared to

DXA.

First of all, CT determines a very high radiation expo-

sure compared to DXA.

Both CT and MRI require a high patient compliance:

Lying on a flat table for a few minutes (CT) or more (MRI)

may be uncomfortable, the closed and small MRI gantry

may lead to feelings of claustrophobia, breath holding is

often necessary to minimize motion artifacts associated

with breathing, wearing earplugs is usually indispensable

due to the MRI system noise and the presence of implants

with ferromagnetic components such as pacemaker or

metallic prosthesis may be a contraindication in MRI.

Furthermore, both CT and MRI are very expensive

systems, which are not always available in small hospitals,

clinics and research centers.

The ultrasound imaging (US) is a noninvasive and

highly available technique that can be useful in the eval-

uation of muscle quantity and quality.

It allows to display the muscle morphology and to

estimate the degree of fatty infiltration and interstitial

fibrosis on the basis of the increase in muscle echo

intensity.

Numerous studies have been made in this regard

[55, 56] also with the aid of computer-assisted gray-scale

analysis of muscle echo intensity [57], but the experience

in the field of sarcopenia is still limited.

Furthermore, US requires significant patient compliance

(breath holding, need to assume uncomfortable positions

for the examination), and the results are operator depen-

dent, resulting in a very low measurement reproducibility.

Bioelectrical impedance analysis (BIA) and anthro-

pometry are the today most applied and relevant alterna-

tives to DXA and imaging methods, in the clinical practice

of body composition assessment.

The BIA is a noninvasive and well-validated technique

for BC measurement, characterized by speed of execution,

ease of use and low cost [58].

BIA measures the impedance offered by a body to the

passage of an alternating electric current of low intensity

and fixed frequency. Since the conduction capacity is

directly proportional to the amount of water and the elec-

trolytes content of the tissue, BIA allows the calculation of

total muscle mass, which is the largest water-rich tissue in
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the body [59], using population-specific regression

equations.

However, it is burdened by being conditioned by the

hydration status of the patient and by numerous other

variables: Presence of edema, the environment tempera-

ture, recent physical activity, assumption of a large meal in

the hours preceding the examination, as well as small

variations in the positioning of the electrodes and of the

limbs during the detection, or an incorrect calibration of the

device, in fact, may alter consistently the results.

It is therefore of utmost importance to perform these

measurements in as much as possible standardized

conditions.

Furthermore, BIA prediction equations proposed in the

literature are numerous, and there is no consensus agree-

ment on which is the most reliable, especially in certain

patient populations (such as elderly or overweight people),

for which a well-validated equation may be not available

[60–62].

Anthropometric measures (especially skinfold thickness

measurement and limb circumferences) represent another

method able to provide information about fat and muscle

mass.

Several studies showed the association of a smaller arm

circumference with higher mortality risk and functional

decline in the elderly [63, 64], but no cutoff values

indicative of this risk or validated for the prediction of

sarcopenia presence have been yet established.

A study of Rolland et al. [65] investigated the calf cir-

cumference as a possible indicator of sarcopenia, finding

that a cutoff point of 31 cm is characterized by high

specificity (91.4 %) but low sensitivity (44.3 %), and

therefore, it has limited usefulness in sarcopenia

assessment.

The significant interobserver variability, the poor

repeatability, the vulnerability to error, the age-related

changes in the distribution of body fat and the loss of

elasticity of the skin in the elderly and the absence of

consistent cutoff values make the anthropometric mea-

sures, although useful in clinical practice, poorly recom-

mended for an accurate assessment of muscle mass.

The main features of the above-mentioned methods for

assessment of muscle and fat mass are summarized in

Table 4.

Contraindications and limitations

The effective dose to an adult from whole-body examina-

tions, acquired with last generation DXA equipments, is

about 4.7lSv depending on the manufacturer, model and

scan mode used.

Whereas the natural background radiation provides

approximately 6.7 lSv per day, a total-body DXA scan

corresponds to an effective radiation exposure lower than

the natural daily dose (for comparison, a chest CT scan

submits the patient to an exposure amounting to many years

of exposure to natural background radiation) [23, 66, 67].

Radiation exposure for the technical operators is also

minimal, provided that the manufacturer’s guidelines in the

execution of the procedure are respected; thus, it is usually not

necessary a lead shielding for the walls of the room of DXA

examination [67, 68]. In the literature, there are no specific

contraindications to perform a DXA whole-body scan.

International Society of Clinical Densitometry (ISCD)

does not recommend to perform total-body DXA in preg-

nant women because there is not sufficient justification of

radiation exposure [69], even if the effective radiation dose

of the DXA is extremely low and fetal risks from radiation

doses\50 mGy are negligible [70].

The presence in the body of contrast media (iodine-

based or barium) or radioactive isotopes, due to a recent

radiological investigation or nuclear medicine test, may

interfere in some cases with the accuracy of the DXA

causing artifacts. Because of the potential confounding

effects, in these situation DXA examination should be

postponed, with a delay depending on the specific phar-

macodynamics of contrast or isotope in question, to allow

excretion from the body clearance [71, 72].

Furthermore, each device has a specific table reporting

weight limitation and directions to ensure adequate X-ray

penetration and accurate measures in patients with certain

weights.

Table 4 Features of the main

tools in muscle mass assessment
DXA BIA Anthropometry CT MRI US

Accuracy ?? ? - ??? ??? /

Simplicity ?? ?? ??? - - ?

Reproducibility ??? ? - ??? ??? -

Availability ?? ?? ??? ? - ???

Low cost ? ? ??? - - ??

Radiation exposure ? - - ??? - -

DXA dual-energy X-ray absorptiometry, BIA bioimpedance analysis, CT computed tomography, MRI

magnetic resonance imaging, US ultrasound
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In conclusion, the presence of contrast medium or

radioactive isotope not yet excreted, or a patient’s weight

exceeding weight limits shown in the table are relative

contraindications. The only absolute contraindication is

represented by pregnancy, due to the risk (albeit low) of

fetal exposure to radiation [69].

In very obese subjects, the accuracy of measurements

may be affected by a phenomenon of beam hardening. It

results from the fact that when a multienergy X-ray beam

passes through the body, photons are variably attenuated

depending on their energy, and those with lower energy are

attenuated much more than those with higher energy. Thus,

the higher is tissue thickness, the more is attenuation of the

low energy photons, causing a deformation of the spectrum

to a greater average energy (beam hardening).

In most cases, this effect is minimized by a proper

calibration of the densitometer, but in subjects with very

high body sizes studies have shown that it may result in

underestimation of body fat [73–76].

Variations in soft tissue hydration may determine errors

in estimation of BC: A DXA fundamental assumption is in

fact a ‘‘constancy’’ of fat-free body mass hydration

[77, 78], even if small changes (in a range from 68.2 to

78.2 %) do not affect the accuracy of fat tissue estimation.

Differently, conditions of severe overhydration, such as

edema or ascites, may determine significant errors [21, 79].

Experimental models showed how a soft tissue overhy-

dration with normal saline solution or with water deter-

mines underestimation or overestimation of actual fat

percent, respectively [21].

Simulated experiments suggest DXA fat errors of 1 %

with hydration changes of 1–5 %. The possibility of fat

estimation errors in the range of several percent, however,

exists when soft tissue overhydration is severe, perhaps in

the range of 20–25 % of total soft tissue mass [21]. Such

severe alterations in hydration status are not common in

clinical practice; thus, under normal or even most clinical

conditions, the anticipated magnitude of this error is small

and this should not pose any substantial limitations to the

accuracy of the DXA technique [21].

As previously described, in pixels containing bone, FM

and LM, DXA does not directly measure all the three

components, but the quantity of FM and LM is determined

on the basis of the FM/LM calculated in neighboring bone-

free pixels, therefore assuming that the amount of fat over

bone is the same as that over the adjacent bone-free tissues.

Thus, in regions where few bone-free pixels are avail-

able for direct measurement of FM and LM, such as legs,

arms and chest, the accuracy of the determination of the

soft tissue may be slightly lower than in bone-free regions

[22, 80].

An infiltration of muscle tissue by lipid components,

both at intermyocellular level, at interstitium, and at

intramyocellular level [81, 82], is a morphologic aspect of

aging skeletal muscle. Several studies have shown that

fatty infiltration of skeletal muscle is associated with

reduced strength and functional status, explaining how

infiltration affects muscle function [46, 47, 83]. Contrac-

tility, motor unit recruitment and oxidative muscle meta-

bolism are reduced in the presence of fat infiltration [46],

and the excess of fatty acids within muscle fibers interferes

with the normal cellular signaling [84].

Therefore, the evaluation of intramuscular adipose tis-

sue (IMAT) may be useful in the diagnosis of sarcopenia.

However, DXA does not discriminate the different types of

fat (visceral, subcutaneous and intramuscular), since DXA

provides an assessment of fat mass at molecular level and

not at compartmental tissue level [50].

Currently, IMAT is measured on the basis of the tissue

density of an area by CT or on the chemical properties of

fat and muscle by MRI.

However, new software options are emerging in DXA

supporting the opportunity of visceral and intramuscular fat

estimation. Very recently, for example, a new application

designed to estimate the intramuscular fat with DXA has

been developed and is currently under investigation. This

system is based on the placement of two ROIs on a DXA

whole-body scan, usually at the location of the subject’s

limb.

A first region, wider, 5 cm high, is placed from side to

side of the limb. A second region, 5 cm high but smaller, is

placed centered inside the first and extends across the

muscle.

The ROIs are usually positioned automatically by a

software tool: the larger on the basis of anatomical land-

marks, and the smaller using an algorithm based on the

percentage of fat inside the larger region. The algorithm

detects in fact the ‘‘inflection point’’ of the % fat, that is

where the % fat decreases due to the passage from the

subcutaneous fat area to the muscle area, setting at this

level the boundaries of the smaller region.

However, the ROIs can also be placed manually by the

operator with a visual assessment of the image.

The larger ROI then provides a measurement of the total

fat mass of the limb in a region of 5 cm, while the smaller

ROI provides a measurement of the fat mass of the muscle

plus whatever subcutaneous fat is present above and below

the muscle region in the two-dimensional DXA projection.

These measurements are combined in a linear equation,

together with constants that correlate the results with

intramuscular adipose tissue measured by quantitative

computed tomography, obtaining an estimate of intramus-

cular adipose tissue.

Even if DXA examinations are precise, noninvasive and

quick, specific technical skills and experience of the

operators and calibration procedures are required, in order
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to minimize potential confounding factors due to operator

or machine variability [85].

An adequate quality assurance program consisting of

quality control procedures both of the instrument and of the

operator is usually able to guarantee good accuracy, pre-

cision and repeatability of the results. Recent studies have

shown a high precision of BC measurements with last

generation densitometers, specifically for whole-body BC

assessment, whose precision has been demonstrated to be

higher than regional BC measurements. In particular, a

coefficient of variation of 0.5 % has been reported for total-

body lean mass assessment, 1.6 % for arms LM, 1.1–1.3 %

for legs LM and 1.0 % for trunk LM [23].

Nevertheless, the variability of instrument calibration

procedures, hardware and software version between man-

ufacturers may reduce the comparability of measurements

between different machines, and this may represent a limit

in epidemiological studies and research field. A standard-

ization of methodologies as much as possible on a large

scale is therefore a current need [50, 86].

In particular, in clinical practice as regards sarcopenia,

there is not interchangeability of measures between man-

ufacturers, different machines and software versions of

several parameters used for assessment and follow-up of

muscle mass as ALM/height2 (kg/m2) [87–89].

Moreover, it was found that the whole-body BMC was

approximately 10 % higher on GE systems compared to

Hologic. However, total-body lean soft tissue mass was

7.7 % lower and ALM was approximately 3 % lower on

GE systems compared to Hologic [Shepherd 2016].

In a multinational study, Shepherd et al. [90] derived

cross-calibration equations to develop universal standard-

ization of whole-body measures between GE Healthcare

Lunar and Hologic DXA systems, concluding that the

cutoff points of muscle mass are not interchangeable in the

definition of sarcopenia.

Therapy and follow-up

Several studies have investigated the therapeutic options in

sarcopenic patients. Treatment possibilities (summarized in

Table 5) can be classified in four categories: exercise and

physical therapy, drug treatment, diet and nutrition and

combination of these.

No unanimous treatment for sarcopenia has been

established yet, but combined intervention of exercise,

pharmacological therapy and diet demonstrated a potential

efficacy [91].

Since the physiological variations or the therapy-in-

duced changes in BC are often small, it is of utmost

importance, especially in patients who undergone serial BC

tests, to discriminate whether the modifications detected

are real (due to an actual biological change) or

attributable to precision error inherent to the examination

itself [92].

In this regard, the clinical significance of a change can

be assessed by referring to the ‘‘least significant change’’

(LSC), which represents the smallest difference between

successive measurements that can be attributable to a real

change (with 95 % confidence) [93].

Thus, if the change noted in the measurement is equal or

greater than LSC, it can be attributable to a genuine bio-

logical change, while if it is below the LSC values, it can

be considered not clinically significant, as due to chance or

random errors in measurement [92, 93].

The LSC for 95 % confidence can be defined as:

LSC ¼ 2:77 � precision error:

Precision error can be expressed as the root-mean-

square standard deviation (RMS SD) in g/cm2 of a set of

measurements (recommended by ISCD), or as coefficient

of variation percent (% CV), i.e., the root-mean-square

standard deviation divided by the mean and expressed as a

percentage [92].

LSC may vary according to the DXA instrument used,

the measurement site, the patient population examined, the

technologist’s experience (for example, in positioning the

patient).

Table 5 Main therapeutic options for sarcopenia

Interventions

Exercise and physical therapy

Exercise PRT

Aerobic (running)

Physical therapy ES (electrical stimulation)

Drug treatment

Hormone replacement Testosterone

GH

DHEA

SARMs

Pharmacological

intervention

CR mimetics (for example, rapamycin)

ACE inhibitor (for example, enalapril)

Inhibitors of myostatin

Diet and nutrition

Protein

EAAs

HMB

Fatty acids (a-linolenic acid)

Vitamin D

Antioxidants (vitamins E and C)

Combination Diet and exercise

PRT progressive resistance exercise training, GH growth hormone,

CR caloric restriction, SARMs selective androgen receptor modula-

tors, EAAs essential amino acids, HMB b-hydroxy b-methylbutyric

acid, DHEA dehydroepiandrosterone
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In the literature, CV is estimated between 1 and 2 % for

the total lean mass, reaching 0.5 % for the better equip-

ments, while precision error of the regional lean mass

(upper or lower limbs) presents worst CV values (from 1 to

10 %) [94].

ISCD recommends therefore a precision assessment of

each DXA operator, a LSC evaluation for every measure-

ment site and densitometer used [92, 95, 96].

LSC is important also in the sarcopenia assessment with

DXA, especially in the follow-up, in order to discriminate

when a possible change in LM parameters is actually due to

a real worsening or improvement (response to therapy) of

the disease. Two examples are shown in Fig. 1.

The LSC has been further used in adults to derive the

monitoring time interval (MTI): the time needed to pass

between two measures expecting to identify a change that

exceeds the LSC. The MTI is simply the ratio of the LSC to

the median annual change in LM for a specific age and sex

group and specific measurement site. Half of the population

will experience a change in LM equal to the LSC for

measures taken in the time interval defined by the MTI.

MTI can be therefore defined as: MTI = LSC (g)/expected

rate of chance (g/years) * years [97] (Fig. 2).

Furthermore, given that the fat-free mass is a major

determinant of resting metabolic rate, especially in seden-

tary people [98], it follows that, in sarcopenic patients,

since there is a loss of muscle mass, resting metabolic rate

(RMR) also decreases significantly [12, 99–101].

DXA is able to evaluate the resting energy expenditure

(REE), which is, according to the American Council on

Exercise, synonymous with the RMR, and corresponds at

almost the 70 % of the total energy expenditure, repre-

senting the minimum amount of energy that a body

requires when lying in physiological and mental rest.

DXA estimates the predict REE using the tissue–organ

level model developed by Hayes et al. [102], which consist in

the summed heat productions from the weights of the brain,

skeletal muscle mass, adipose tissue, bone and tissue organs.

Fig. 1 a An example of colored soft tissues map of whole-body scan

by DXA highlights the standard ROIs specifics for body composition

assessment (head—H, trunk—T, upper limbs—U, lower limbs—L),

with the two regions representing by gynoid (G) and android

(A) regions, the latter included in the trunk %). In particular,

appendicular lean mass (ALM: arms LM ? legs LM) is highlighted

in blue in the figure. The different colors represent the fat percentage

in the different body areas (red, high fat percentage—convention-

ally[60 %; yellow, medium fat percentage—conventionally B60

and C25 %, green, low fat percentage—conventionally \25 %).

b Significant response to treatment: a 67-year-old woman, weight

65 kg, with a severe sarcopenia (SMI \5.67 kg/m2; handgrip test

\16 kg; gait speed test \0.8 m/s) started on a treatment regimen

(physical and nutritional therapy ? vitamin D supplement). Baseline

SMI (ALM/total height squared): 5.66 kg/m2; one year later post-

treatment SMI: 6.01 kg/m2; difference is 6 %; LSC = 2.77 9 (CV %

SMI) = 2.77 9 1 % = 2.77 %; CV % SMI at our DXA center

is = 1 %; conclusion: The least significant change (2.77 %) has been

exceeded (the SMI has increased of 6 %), leading to the conclusion

that there was statistically significant therapeutic response. c Non-

significant response to treatment: a 71-year-old woman, weight 72 kg,

with a severe sarcopenia, (SMI \5.67; kg/m2 and handgrip test

\16 kg and gait speed test\0.8 m/s); started on a treatment regimen

(physical and nutritional therapy ? vitamin D supplement). Baseline

SMI (ALM/total height squared): 5.15 kg/m2; one year later post-

treatment SMI: 5.27 kg/m2; difference is 2 %; conclusion: The SMI

has increased of 2 %, but the LSC (2.77 %) has not been exceeded,

leading to the conclusion that there was no statistically significant

therapeutic response
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REE ¼ kAT � AT þ kSM � SM þ kBone � Bone

þ kBrain � Brain þ kRM � RM 102½ �

where AT is adipose tissue, SM is skeletal muscle mass,

residual mass (RM) is the difference between body mass

and the four remaining estimated components, and k is the

specific resting metabolic rate of individual organs and

tissues.

The assessment of REE by DXA may be another

important tool in management of sarcopenic subjects,

because this offers ‘‘a bridge’’ to effective prevention,

treatment and care with the dietary management and

exercise regimen for life style-related diseases [103].

Conclusions

Today, sarcopenia is a clinical problem of major impor-

tance for global health, which greatly affects the survival

and quality of life of older people. Considering the aging of

the world population, its prevalence is growing. Therefore,

it will be increasingly important to prevent or postpone the

onset of this condition as much as possible. To reach this

target, it is essential to know the modifications that aging

determine on BC and function, in particular on muscle

mass. Several techniques are available in this field, in both

clinical practice and research. Dual-energy X-ray absorp-

tiometry is emerging as ‘‘gold-standard’’ method in the

diagnosis and characterization of sarcopenia, since it pro-

vides with low cost, easy to use and wide availability an

accurate and precise evaluation of BC. The distinction of

subjects with ‘‘physiological’’ loss of muscle mass from

those with ‘‘pathological’’ impoverishment of this com-

partment, through the assessment of non-bone lean mass

parameters, such as appendicular lean mass adjusted for

BMI or height (ALM/BMI and ALM/ht2, respectively), is

essential. This process should rely on specific cutoff values

validated in the literature, however considering the prob-

lem of standardization of DXA measures. In addition, DXA

can be useful in treatment planning, estimating resting

energy expenditure, and in follow-up, for its high repro-

ducible evaluation of modifications in BC.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of

interest.

Ethical approval All procedures performed in studies involving

human participants were in accordance with the ethical standards of

the institutional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable ethical

standards.

Informed consent Informed consent was obtained from all individ-

ual participants included in the study.

References

1. Rizzoli R, Reginster JY, Arnal JF et al (2013) Quality of life in

sarcopenia and frailty. Calcif Tissue Int 93:101–120. doi:10.

1007/s00223-013-9758-y

Fig. 2 a, b An example of colored soft tissues map of whole-body scan by DXA showing a significative change from baseline to post-treatment

images

Aging Clin Exp Res (2016) 28:1047–1060 1057

123

http://dx.doi.org/10.1007/s00223-013-9758-y
http://dx.doi.org/10.1007/s00223-013-9758-y


2. Taekema DG, Gussekloo J, Maier AB et al (2010) Handgrip

strength as a predictor of functional, psychological and social

health. A prospective population-based study among the oldest

old. Age Ageing 39:331–337. doi:10.1093/ageing/afq022

3. Rantanen T, Avlund K, Suominen H et al (2002) Muscle

strength as a predictor of onset of ADL dependence in people

aged 75 years. Aging Clin Exp Res 14(3 Suppl):10–15

4. Cooper R, Kuh D, Hardy R et al (2010) Objectively measured

physical capability levels and mortality: systematic review and

meta-analysis. BMJ 341:c4467. doi:10.1136/bmj.c4467

5. Vetrano DL, Landi F, Volpato S et al (2014) Association of

sarcopenia with short- and long-term mortality in older adults

admitted to acute care wards: results from the CRIME study.

J Gerontol Ser A Biol Sci Med Sci 69:1154–1161. doi:10.1093/

gerona/glu034

6. Guralnik JM, Ferrucci L, Pieper CF et al (2000) Lower

extremity function and subsequent disability: consistency across

studies, predictive models, and value of gait speed alone com-

pared with the short physical performance battery. J Gerontol

Ser A Biol Sci Med Sci 55:M221–M231

7. Lauretani F, Russo CR, Bandinelli S et al (2003) Age-associated

changes in skeletal muscles and their effect on mobility: an

operational diagnosis of sarcopenia. J Appl Physiol

95:1851–1860. doi:10.1152/japplphysiol.00246.2003

8. Cawthon PM, Fox KM, Gandra SR et al (2009) Do muscle mass,

muscle density, strength, and physical function similarly influ-

ence risk of hospitalization in older adults? J Am Geriatr Soc

57:1411–1419. doi:10.1111/j.1532-5415.2009.02366.x

9. Beaudart C, Rizzoli R, Bruyere O et al (2014) Sarcopenia:

burden and challenges for public health. Arch Public Health

72:45. doi:10.1186/2049-3258-72-45

10. Janssen I, Shepard DS, Katzmarzyk PT et al (2004) The

healthcare costs of sarcopenia in the United States. J Am Geriatr

Soc 52:80–85

11. Rosenberg IH (1997) Sarcopenia: origins and clinical relevance.

J Nutr 127:990S–991S

12. Tzankoff SP, Norris AH (1977) Effect of muscle mass decrease

on age-related BMR changes. J Appl Physiol Respir Environ

Exerc Physiol 43:1001–1006

13. Baumgartner RN, Koehler KM, Gallagher D et al (1998) Epi-

demiology of sarcopenia among the elderly in New Mexico. Am

J Epidemiol 147:755–763

14. Delmonico MJ, Harris TB, Lee JS et al (2007) Alternative

definitions of sarcopenia, lower extremity performance, and

functional impairment with aging in older men and women.

J Am Geriatr Soc 55:769–774. doi:10.1111/j.1532-5415.2007.

01140.x

15. Manini TM, Clark BC (2012) Dynapenia and aging: an update.

J Gerontol Ser A Biol Sci Med Sci 67:28–40. doi:10.1093/ger

ona/glr010

16. Fielding RA, Vellas B, Evans WJ et al (2011) Sarcopenia: an

undiagnosed condition in older adults. Current consensus defi-

nition: prevalence, etiology, and consequences. J Am Med Dir

Assoc 12:249–256. doi:10.1016/j.jamda.2011.01.003

17. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al (2010) Sarcopenia:

European consensus on definition and diagnosis: report of the

European Working Group on Sarcopenia in older people. Age

Ageing 39:412–423. doi:10.1093/ageing/afq034

18. Studenski SA, Peters KW, Alley DE et al (2014) The FNIH

sarcopenia project: rationale, study description, conference

recommendations, and final estimates. J Gerontol Ser A Biol Sci

Med Sci 69:547–558. doi:10.1093/gerona/glu010

19. Bazzocchi A, Diano D, Ponti F et al (2013) Health and ageing: a

cross-sectional study of body composition. Clin Nutr

32:569–578. doi:10.1016/j.clnu.2012.10.004

20. Bazzocchi A, Ponti F, Diano D et al (2015) Trabecular bone

score in healthy ageing. Br J Radiol 88:20140865. doi:10.1259/

bjr.20140865

21. Pietrobelli A, Wang Z, Formica C et al (1998) Dual-energy

X-ray absorptiometry: fat estimation errors due to variation in

soft tissue hydration. Am J Physiol 274:E808–E816

22. Laskey MA (1996) Dual-energy X-ray absorptiometry and body

composition. Nutrition 12:45–51

23. Toombs RJ, Ducher G, Shepherd JA et al (2012) The impact of

recent technological advances on the trueness and precision of

DXA to assess body composition. Obesity 20:30–39. doi:10.

1038/oby.2011.211

24. Bazzocchi A, Ponti F, Cariani S et al (2015) Visceral fat and

body composition changes in a female population after RYGBP:

a two-year follow-up by DXA. Obes Surg 25:443–451. doi:10.

1007/s11695-014-1422-8

25. Bazzocchi A, Diano D (2014) Dual-energy X-ray absorptiom-

etry in obesity. CMAJ 186:48. doi:10.1503/cmaj.120149

26. Bazzocchi A, Diano D, Ponti F et al (2014) A 360-degree

overview of body composition in healthy people: relationships

among anthropometry, ultrasonography, and dual-energy X-ray

absorptiometry. Nutrition 30:696–701. doi:10.1016/j.nut.2013.

11.013

27. Franzoni E, Ciccarese F, Di Pietro E et al (2014) Follow-up of

bone mineral density and body composition in adolescents with

restrictive anorexia nervosa: role of dual-energy X-ray absorp-

tiometry. Eur J Clin Nutr 68:247–252. doi:10.1038/ejcn.2013.254

28. Bazzocchi A, Ferrari F, Diano D et al (2012) Incidental findings

with dual-energy X-ray absorptiometry: spectrum of possible

diagnoses. Calcif Tissue Int 91:149–156. doi:10.1007/s00223-

012-9609-2

29. Libber J, Binkley N, Krueger D (2012) Clinical observations in

total body DXA: technical aspects of positioning and analysis.

J Clin Densitom 15:282–289. doi:10.1016/j.jocd.2011.12.003

30. Kelly TL, Wilson KE, Heymsfield SB (2009) Dual energy X-ray

absorptiometry body composition reference values from

NHANES. PLoS ONE 4:e7038. doi:10.1371/journal.pone.

0007038

31. Silva AM, Heymsfield SB, Sardinha LB (2013) Assessing body

composition in taller or broader individuals using dual-energy

X-ray absorptiometry: a systematic review. Eur J Clin Nutr

67:1012–1021. doi:10.1038/ejcn.2013.148

32. Rothney MP, Brychta RJ, Schaefer EV et al (2009) Body

composition measured by dual-energy X-ray absorptiometry

half-body scans in obese adults. Obesity 17:1281–1286. doi:10.

1038/oby.2009.14

33. Nana A, Slater GJ, Hopkins WG et al (2012) Effects of daily

activities on dual-energy X-ray absorptiometry measurements of

body composition in active people. Med Sci Sports Exerc

44:180–189. doi:10.1249/MSS.0b013e318228b60e

34. Nana A, Slater GJ, Hopkins WG et al (2013) Effects of exercise

sessions on DXA measurements of body composition in active

people. Med Sci Sports Exerc 45:178–185. doi:10.1249/MSS.

0b013e31826c9cfd

35. Griffiths PL, Rousham EK, Norris SA et al (2008) Socio-eco-

nomic status and body composition outcomes in urban South

African children. Arch Dis Child 93:862–867. doi:10.1136/adc.

2006.112649

36. Rikkonen T, Sirola J, Salovaara K et al (2012) Muscle strength

and body composition are clinical indicators of osteoporosis.

Calcif Tissue Int 91:131–138. doi:10.1007/s00223-012-9618-1

37. Goulding A, Taylor RW, Grant AM et al (2009) Relationships of

appendicular LMI and total body LMI to bone mass and phys-

ical activity levels in a birth cohort of New Zealand five-year

olds. Bone 45:455–459. doi:10.1016/j.bone.2009.05.007

1058 Aging Clin Exp Res (2016) 28:1047–1060

123

http://dx.doi.org/10.1093/ageing/afq022
http://dx.doi.org/10.1136/bmj.c4467
http://dx.doi.org/10.1093/gerona/glu034
http://dx.doi.org/10.1093/gerona/glu034
http://dx.doi.org/10.1152/japplphysiol.00246.2003
http://dx.doi.org/10.1111/j.1532-5415.2009.02366.x
http://dx.doi.org/10.1186/2049-3258-72-45
http://dx.doi.org/10.1111/j.1532-5415.2007.01140.x
http://dx.doi.org/10.1111/j.1532-5415.2007.01140.x
http://dx.doi.org/10.1093/gerona/glr010
http://dx.doi.org/10.1093/gerona/glr010
http://dx.doi.org/10.1016/j.jamda.2011.01.003
http://dx.doi.org/10.1093/ageing/afq034
http://dx.doi.org/10.1093/gerona/glu010
http://dx.doi.org/10.1016/j.clnu.2012.10.004
http://dx.doi.org/10.1259/bjr.20140865
http://dx.doi.org/10.1259/bjr.20140865
http://dx.doi.org/10.1038/oby.2011.211
http://dx.doi.org/10.1038/oby.2011.211
http://dx.doi.org/10.1007/s11695-014-1422-8
http://dx.doi.org/10.1007/s11695-014-1422-8
http://dx.doi.org/10.1503/cmaj.120149
http://dx.doi.org/10.1016/j.nut.2013.11.013
http://dx.doi.org/10.1016/j.nut.2013.11.013
http://dx.doi.org/10.1038/ejcn.2013.254
http://dx.doi.org/10.1007/s00223-012-9609-2
http://dx.doi.org/10.1007/s00223-012-9609-2
http://dx.doi.org/10.1016/j.jocd.2011.12.003
http://dx.doi.org/10.1371/journal.pone.0007038
http://dx.doi.org/10.1371/journal.pone.0007038
http://dx.doi.org/10.1038/ejcn.2013.148
http://dx.doi.org/10.1038/oby.2009.14
http://dx.doi.org/10.1038/oby.2009.14
http://dx.doi.org/10.1249/MSS.0b013e318228b60e
http://dx.doi.org/10.1249/MSS.0b013e31826c9cfd
http://dx.doi.org/10.1249/MSS.0b013e31826c9cfd
http://dx.doi.org/10.1136/adc.2006.112649
http://dx.doi.org/10.1136/adc.2006.112649
http://dx.doi.org/10.1007/s00223-012-9618-1
http://dx.doi.org/10.1016/j.bone.2009.05.007


38. Ho-Pham LT, Nguyen ND, Lai TQ et al (2010) Contributions of

lean mass and fat mass to bone mineral density: a study in

postmenopausal women. BMC Musculoskelet Disord 11:59.

doi:10.1186/1471-2474-11-59

39. Douchi T, Yamamoto S, Oki T et al (1999) Serum androgen

levels and muscle mass in women with polycystic ovary syn-

drome. Obstet Gynecol 94:337–340

40. Rutten EP, Spruit MA, Wouters EF (2010) Critical view on

diagnosing muscle wasting by single-frequency bio-electrical

impedance in COPD. Respir Med 104:91–98. doi:10.1016/j.

rmed.2009.07.004

41. Han SS, Heo NJ, Na KY et al (2010) Age- and gender-depen-

dent correlations between body composition and chronic kidney

disease. Am J Nephrol 31:83–89. doi:10.1159/000258660

42. Kim TN, Yang SJ, Yoo HJ et al (2009) Prevalence of sarcopenia

and sarcopenic obesity in Korean adults: the Korean sarcopenic

obesity study. Int J Obes 33:885–892. doi:10.1038/ijo.2009.130

43. Petak S, Barbu CG, Yu EW et al (2013) The Official Positions

of the International Society for Clinical Densitometry: body

composition analysis reporting. J Clin Densitom 16:508–519.

doi:10.1016/j.jocd.2013.08.018

44. Mitsiopoulos N, Baumgartner RN, Heymsfield SB et al (1998)

Cadaver validation of skeletal muscle measurement by magnetic

resonance imaging and computerized tomography. J Appl

Physiol 85:115–122

45. Levine JA, Abboud L, Barry M et al (2000) Measuring leg

muscle and fat mass in humans: comparison of CT and dual-

energy X-ray absorptiometry. J Appl Physiol 88:452–456

46. Visser M, Kritchevsky SB, Goodpaster BH et al (2002) Leg

muscle mass and composition in relation to lower extremity

performance in men and women aged 70 to 79: the health, aging

and body composition study. J Am Geriatr Soc 50:897–904

47. Goodpaster BH, Carlson CL, Visser M et al (2001) Attenuation

of skeletal muscle and strength in the elderly: the health ABC

study. J Appl Physiol 90:2157–2165

48. Marcus RL, Addison O, Dibble LE et al (2012) Intramuscular

adipose tissue, sarcopenia, and mobility function in older indi-

viduals. J Aging Res 2012:629637. doi:10.1155/2012/629637

49. Delmonico MJ, Harris TB, Visser M et al (2009) Longitudinal

study of muscle strength, quality, and adipose tissue infiltration.

Am J Clin Nutr 90:1579–1585. doi:10.3945/ajcn.2009.28047

50. Prado CM, Heymsfield SB (2014) Lean tissue imaging: a new

era for nutritional assessment and intervention. JPEN J Parenter

Enteral Nutr 38:940–953. doi:10.1177/0148607114550189

51. Chen Z, Wang Z, Lohman T et al (2007) Dual-energy X-ray

absorptiometry is a valid tool for assessing skeletal muscle mass

in older women. J Nutr 137:2775–2780

52. Wang J, Pierson RN Jr (1976) Disparate hydration of adipose

and lean tissue require a new model for body water distribution

in man. J Nutr 106:1687–1693

53. Visser M, Fuerst T, Lang T et al (1999) Validity of fan-beam

dual-energy X-ray absorptiometry for measuring fat-free mass

and leg muscle mass. J Appl Physiol 87:1513–1520

54. Shih R, Wang Z, Heo M et al (2000) Lower limb skeletal muscle

mass: development of dual-energy X-ray absorptiometry pre-

diction model. J Appl Physiol 89:1380–1386

55. Heckmatt JZ, Leeman S, Dubowitz V (1982) Ultrasound imaging

in the diagnosis of muscle disease. J Pediatri 101:656–660

56. Watanabe Y, Yamada Y, Fukumoto Y et al (2013) Echo

intensity obtained from ultrasonography images reflecting

muscle strength in elderly men. Clin Interv Aging 8:993–998.

doi:10.2147/CIA.S47263

57. Pillen S, van Dijk JP, Weijers G et al (2009) Quantitative gray-

scale analysis in skeletal muscle ultrasound: a comparison study

of two ultrasound devices. Muscle Nerve 39:781–786. doi:10.

1002/mus.21285

58. Janssen I, Heymsfield SB, Baumgartner RN et al (2000) Esti-

mation of skeletal muscle mass by bioelectrical impedance

analysis. J Appl Physiol 89:465–471

59. Rubbieri G, Mossello E, Di Bari M (2014) Techniques for the

diagnosis of sarcopenia. ClinCasesMinerBoneMetab 11:181–184

60. Trippo U, Koebnick C, Zunft HJ et al (2004) Bioelectrical

impedance analysis for predicting body composition: what about

the external validity of new regression equations? Am J Clin

Nutr 79:335–336; author reply 336–337

61. Sun SS, Chumlea WC, Heymsfield SB et al (2003) Development

of bioelectrical impedance analysis prediction equations for

body composition with the use of a multicomponent model for

use in epidemiologic surveys. Am J Clin Nutr 77:331–340

62. Kyle UG, Genton L, Karsegard L et al (2001) Single prediction

equation for bioelectrical impedance analysis in adults aged

20–94 years. Nutrition 17:248–253

63. Landi F, Russo A, Liperoti R et al (2010) Midarm muscle cir-

cumference, physical performance and mortality: results from

the aging and longevity study in the Sirente geographic area

(ilSIRENTE study). Clin Nutr 29:441–447. doi:10.1016/j.clnu.

2009.12.006

64. Miller MD, Crotty M, Giles LC et al (2002) Corrected arm

muscle area: an independent predictor of long-term mortality in

community-dwelling older adults? J Am Geriatr Soc

50:1272–1277

65. Rolland Y, Lauwers-Cances V, Cournot M et al (2003) Sar-

copenia, calf circumference, and physical function of elderly

women: a cross-sectional study. J Am Geriatr Soc 51:1120–1124

66. Boudousq V, Goulart DM, Dinten JM et al (2005) Image reso-

lution and magnification using a cone beam densitometer:

optimizing data acquisition for hip morphometric analysis.

Osteoporos Int 16:813–822. doi:10.1007/s00198-004-1751-x

67. Hawkinson J, Timins J, Angelo D et al (2007) Technical white

paper: bone densitometry. J Am Coll Radiol 4:320–327. doi:10.

1016/j.jacr.2007.01.021

68. The 2007 Recommendations of the International Commission on

Radiological Protection. ICRP publication 103 (2007). Ann

ICRP 37:1–332. doi:10.1016/j.icrp.2007.10.003

69. Kendler DL, Borges JL, Fielding RA et al (2013) The official

positions of the International Society for Clinical Densitometry:

indications of use and reporting of DXA for body composition.

J Clin Densitom 16:496–507. doi:10.1016/j.jocd.2013.08.020

70. McCollough CH, Schueler BA, Atwell TD et al (2007) Radia-

tion exposure and pregnancy: when should we be concerned?

Radiographics 27:909–917; discussion 917–908. doi:10.1148/rg.

274065149

71. Sala A, Webber C, Halton J et al (2006) Effect of diagnostic

radioisotopes and radiographic contrast media on measurements

of lumbar spine bone mineral density and body composition by

dual-energy X-ray absorptiometry. J Clin Densitom 9:91–96.

doi:10.1016/j.jocd.2005.10.003

72. Xie LJ, Li JF, Zeng FW et al (2013) Is bone mineral density

measurement using dual-energy X-ray absorptiometry affected

by gamma rays? J Clin Densitom 16:275–278. doi:10.1016/j.

jocd.2013.02.006

73. Favre B, Ojha M (1991) Purification and properties of a casein

kinase II-like enzyme from Neurospora crassa. FEMS Microbiol

Lett 62:21–24

74. Kelly TL, Berger N, Richardson TL (1998) DXA body com-

position: theory and practice. Appl Radiat Isot 49:511–513

75. Madden AM, Morgan MY (1997) The potential role of dual-

energy X-ray absorptiometry in the assessment of body com-

position in cirrhotic patients. Nutrition 13:40–45

76. LaForgia J, Dollman J, Dale MJ et al (2009) Validation of DXA

body composition estimates in obese men and women. Obesity

17:821–826. doi:10.1038/oby.2008.595

Aging Clin Exp Res (2016) 28:1047–1060 1059

123

http://dx.doi.org/10.1186/1471-2474-11-59
http://dx.doi.org/10.1016/j.rmed.2009.07.004
http://dx.doi.org/10.1016/j.rmed.2009.07.004
http://dx.doi.org/10.1159/000258660
http://dx.doi.org/10.1038/ijo.2009.130
http://dx.doi.org/10.1016/j.jocd.2013.08.018
http://dx.doi.org/10.1155/2012/629637
http://dx.doi.org/10.3945/ajcn.2009.28047
http://dx.doi.org/10.1177/0148607114550189
http://dx.doi.org/10.2147/CIA.S47263
http://dx.doi.org/10.1002/mus.21285
http://dx.doi.org/10.1002/mus.21285
http://dx.doi.org/10.1016/j.clnu.2009.12.006
http://dx.doi.org/10.1016/j.clnu.2009.12.006
http://dx.doi.org/10.1007/s00198-004-1751-x
http://dx.doi.org/10.1016/j.jacr.2007.01.021
http://dx.doi.org/10.1016/j.jacr.2007.01.021
http://dx.doi.org/10.1016/j.icrp.2007.10.003
http://dx.doi.org/10.1016/j.jocd.2013.08.020
http://dx.doi.org/10.1148/rg.274065149
http://dx.doi.org/10.1148/rg.274065149
http://dx.doi.org/10.1016/j.jocd.2005.10.003
http://dx.doi.org/10.1016/j.jocd.2013.02.006
http://dx.doi.org/10.1016/j.jocd.2013.02.006
http://dx.doi.org/10.1038/oby.2008.595


77. Wang Z, Deurenberg P, Wang W et al (1999) Hydration of fat-

free body mass: review and critique of a classic body-compo-

sition constant. Am J Clin Nutr 69:833–841

78. Plank LD (2005) Dual-energy X-ray absorptiometry and body

composition. Curr Opin Clin Nutr Metab Care 8:305–309

79. Andreoli A, Scalzo G, Masala S et al (2009) Body composition

assessment by dual-energy X-ray absorptiometry (DXA). Radiol

Med (Torino) 114:286–300. doi:10.1007/s11547-009-0369-7

80. Genton L, Hans D, Kyle UG et al (2002) Dual-energy X-ray

absorptiometry and body composition: differences between

devices and comparison with reference methods. Nutrition

18:66–70

81. Dube J, Goodpaster BH (2006) Assessment of intramuscular

triglycerides: contribution to metabolic abnormalities. Curr Opin

Clin Nutr Metab Care 9:553–559. doi:10.1097/01.mco.

0000241664.38385.12

82. Kraegen EW, Cooney GJ (2008) Free fatty acids and skeletal

muscle insulin resistance. Curr Opin Lipidol 19:235–241.

doi:10.1097/01.mol.0000319118.44995.9a

83. Sipila S, Suominen H (1994) Knee extension strength and

walking speed in relation to quadriceps muscle composition and

training in elderly women. Clin Physiol 14:433–442

84. Corcoran MP, Lamon-Fava S, Fielding RA (2007) Skeletal

muscle lipid deposition and insulin resistance: effect of dietary

fatty acids and exercise. Am J Clin Nutr 85:662–677

85. Khan AA, Colquhoun A, Hanley DA et al (2007) Standards and

guidelines for technologists performing central dual-energy

X-ray absorptiometry. J Clin Densitom 10:189–195. doi:10.

1016/j.jocd.2007.01.005

86. Pagotto V, Silveira EA (2014) Methods, diagnostic criteria,

cutoff points, and prevalence of sarcopenia among older people.

TheScientificWorldJournal 2014:231312. doi:10.1155/2014/

231312

87. Genant HK, Grampp S, Gluer CC et al (1994) Universal stan-

dardization for dual X-ray absorptiometry: patient and phantom

cross-calibration results. J Bone Miner Res 9:1503–1514.

doi:10.1002/jbmr.5650091002

88. Lu Y, Fuerst T, Hui S et al (2001) Standardization of bone

mineral density at femoral neck, trochanter and Ward’s triangle.

Osteoporos Int 12:438–444. doi:10.1007/s001980170087

89. Shepherd JA, Cheng XG, Lu Y et al (2002) Universal stan-

dardization of forearm bone densitometry. J Bone Miner Res

17:734–745. doi:10.1359/jbmr.2002.17.4.734

90. Shepherd JA, Fan B, Lu Y et al (2012) A multinational study to

develop universal standardization of whole-body bone density

and composition using GE Healthcare Lunar and Hologic DXA

systems. J Bone Miner Res 27:2208–2216. doi:10.1002/jbmr.

1654

91. Cruz-Jentoft AJ, Landi F, Schneider SM et al (2014) Prevalence

of and interventions for sarcopenia in ageing adults: a systematic

review. Report of the International Sarcopenia Initiative

(EWGSOP and IWGS). Age Ageing 43:748–759. doi:10.1093/

ageing/afu115

92. Baim S, Wilson CR, Lewiecki EM et al (2005) Precision

assessment and radiation safety for dual-energy X-ray

absorptiometry: position paper of the International Society for

Clinical Densitometry. J Clin Densitom 8:371–378

93. Nelson L, Gulenchyn KY, Atthey M et al (2010) Is a fixed value

for the least significant change appropriate? J Clin Densitom

13:18–23. doi:10.1016/j.jocd.2009.10.001

94. Hangartner TN, Warner S, Braillon P et al (2013) The Official

Positions of the International Society for Clinical Densitometry:

acquisition of dual-energy X-ray absorptiometry body compo-

sition and considerations regarding analysis and repeatability of

measures. J Clin Densitom 16:520–536. doi:10.1016/j.jocd.

2013.08.007

95. Buehring B, Krueger D, Libber J et al (2014) Dual-energy X-ray

absorptiometry measured regional body composition least sig-

nificant change: effect of region of interest and gender in ath-

letes. J Clin Densitom 17:121–128. doi:10.1016/j.jocd.2013.02.

012

96. Knapp KM, Welsman JR, Hopkins SJ et al (2015) Obesity

increases precision errors in total body dual-energy X-ray

absorptiometry measurements. J Clin Densitom 18:209–216.

doi:10.1016/j.jocd.2014.06.001

97. Gluer CC (1999) Monitoring skeletal changes by radiological

techniques. J Bone Miner Res 14:1952–1962. doi:10.1359/jbmr.

1999.14.11.1952

98. Ravussin E, Lillioja S, Anderson TE et al (1986) Determinants

of 24-hour energy expenditure in man. Methods and results

using a respiratory chamber. J Clin Investig 78:1568–1578.

doi:10.1172/JCI112749

99. Piers LS, Soares MJ, McCormack LM et al (1998) Is there

evidence for an age-related reduction in metabolic rate? J Appl

Physiol 85:2196–2204

100. Roubenoff R, Hughes VA, Dallal GE et al (2000) The effect of

gender and body composition method on the apparent decline in

lean mass-adjusted resting metabolic rate with age. J Gerontol

Ser A Biol Sci Med Sci 55:M757–M760

101. van Pelt RE, Dinneno FA, Seals DR et al (2001) Age-related

decline in RMR in physically active men: relation to exercise

volume and energy intake. Am J Physiol Endocrinol Metabol

281:E633–E639

102. Hayes M, Chustek M, Wang Z et al (2002) DXA: potential for

creating a metabolic map of organ-tissue resting energy

expenditure components. Obes Res 10:969–977. doi:10.1038/

oby.2002.132

103. Usui C, Taguchi M, Ishikawa-Takata K et al (2012) The validity

of body composition measurement using dual energy X-ray

absorptiometry for estimating resting energy expenditure. In: El

Maghraoui A (ed) Dual energy X-ray absorptiometry. ISBN:

978-953-307-877-9

104. Newman AB, Kupelian V, Visser M, Simonsick E, Goodpaster

B, Nevitt M, Kritchevsky SB, Tylavsky FA, Rubin SM, Harris
TB, Health ABC Study Investigators (2003) Sarcopenia: alter-

native definitions and associations with lower extremity func-

tion. J Am Geriatr Soc 51:1602–1609

105. Yuki A, Ando F, Shimokata H (2014) Transdisciplinary

approach for sarcopenia. sarcopenia: definition and the criteria

for Asian elderly people. Clin Calcium 24(10):1441–1448

1060 Aging Clin Exp Res (2016) 28:1047–1060

123

http://dx.doi.org/10.1007/s11547-009-0369-7
http://dx.doi.org/10.1097/01.mco.0000241664.38385.12
http://dx.doi.org/10.1097/01.mco.0000241664.38385.12
http://dx.doi.org/10.1097/01.mol.0000319118.44995.9a
http://dx.doi.org/10.1016/j.jocd.2007.01.005
http://dx.doi.org/10.1016/j.jocd.2007.01.005
http://dx.doi.org/10.1155/2014/231312
http://dx.doi.org/10.1155/2014/231312
http://dx.doi.org/10.1002/jbmr.5650091002
http://dx.doi.org/10.1007/s001980170087
http://dx.doi.org/10.1359/jbmr.2002.17.4.734
http://dx.doi.org/10.1002/jbmr.1654
http://dx.doi.org/10.1002/jbmr.1654
http://dx.doi.org/10.1093/ageing/afu115
http://dx.doi.org/10.1093/ageing/afu115
http://dx.doi.org/10.1016/j.jocd.2009.10.001
http://dx.doi.org/10.1016/j.jocd.2013.08.007
http://dx.doi.org/10.1016/j.jocd.2013.08.007
http://dx.doi.org/10.1016/j.jocd.2013.02.012
http://dx.doi.org/10.1016/j.jocd.2013.02.012
http://dx.doi.org/10.1016/j.jocd.2014.06.001
http://dx.doi.org/10.1359/jbmr.1999.14.11.1952
http://dx.doi.org/10.1359/jbmr.1999.14.11.1952
http://dx.doi.org/10.1172/JCI112749
http://dx.doi.org/10.1038/oby.2002.132
http://dx.doi.org/10.1038/oby.2002.132

	The role of DXA in sarcopenia
	Abstract
	Introduction
	Dual-energy X-ray absorptiometry
	Methodological aspects
	Clinical aspects
	Why use DXA instead of other body composition techniques?

	Contraindications and limitations
	Therapy and follow-up

	Conclusions
	References




