
 

 

Abstract 
Background:Applicationsof imaging technology modalities have accumulated evidence that individualcomponents of 
body composition (BC) have significant influences on chronic disease onset, disease progression, treatment 
responses and health outcomes. 

Objective:To analyse the currently available body imaging techniques and their applications in clinical practice 
and medical research. 

Methods:To review the various body imaging techniques and their applications in clinical practice and medical 
research,Medline, PubMed, Google scholar, ResearchGate and other databases were searched. Furthermore, 
references of selected studies and documents available in different libraries were also searched. 

Findings: Imaging modalities have provided a systematic method for differentiating phenotypes of BC that 
diverge from normal, i.e. having low bone mass (osteopenia/osteoporosis), low muscle mass (sarcopenia), high 
fat mass (obesity), or high fat with low muscle mass (sarcopenic obesity). Tremendous advances were made 
over the past decades in the sensitivity and quality of imaging techniques such as Duel-Energy X-Ray 
Absorptiometry(DXA),ComputedAxialTomography(CT),Ultrasound(US),MagneticResonanceImaging(MRI), 
Magnetic Resonance Spectroscopy (MRS), Positron Emission Tomography (PET), Bioelectrical ImpedanceAnalysis 
(BIA) etc. These imaging techniques have been useful to differentiate layers or depots within tissues and cells 
enhancing our understanding of distinct mechanistic, metabolic and functional roles of BC within human 
phenotypes. 

Conclusion: In the present overview, we focused on DXA, CT and US for the use in clinical practice and 
biomedical research relevant to future investigation of human BC and how they may be applied to remedy the 
pandemic of obesity, diabetes and metabolic syndrome. 
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Introduction 
Theimportanceofunderstandingbodycomposition 
(BC) in clinical practice and research has been 
increasinglyrecognisedoverthepastdecades,along 
with substantial progress in measuring body 
composition using sophisticated imaging 
methodologies. These advances have been partly 
driven by the increasing evidence that individual 
components of BC have significant influence on 
chronic disease onset, disease progression, 
treatmentresponseandhealthoutcomes.Ithasbeen 

 

revealed that, even within a disease state, there is 
widevariabilitywithregardtotheroleofBC.1-4Further, the 
BC response to treatment, whether dietary, 
pharmaceutical, or surgical, may vary owing to 
individual phenotype characteristics, including 
genetic traits, gender and race. Unfortunately, 
anthropometricmethods,iebodymassindex(BMI), 
waistcircumference,orwaist-hipratio,andavailable 
clinical tools to assess body composition, ie girth 
tape measures, skin fold calipers, or bioelectric 
impedancemachines,areunabletopreciselyspecify 
componentsofBC(egvisceralversussubcutaneous 
adipose tissue (SAT) or ectopic fat in tissues and 
organs) and thus, are limited in providing the 
information necessary to target preventative or 
treatmentstrategiestoimprovehealthorreducerisk 
that are phenotype specific.2,5,6 
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Imaging modalities have advanced both clinical 
practice and research by providing a systematic 
methodfordifferentiatingphenotypesofhumanBC 
thatdivergefromwhatisconsiderednormal,thatis, 
havinglowbonemass(osteopaenia/osteoporosis),low 
musclemass(sarcopeniahighfatmass,obesity),or 
high-fatwithlowmusclemass(sarcopenicobesity). 
Within the body, imaging methods can provide 
information about the spatial distribution of tissues 
andorgansbasedondifferencesintheirtissueand 
molecular properties that may be acquired as two- 
dimensional (2D) projections using a dual-energy 
X-rayabsorptiometry(DXA)scanneror2Dorthree- 
dimensional(3D)imagevolumesusingcomputedaxial 
tomography (CT) or magnetic resonance imaging 
(MRI) or positron emission tomographic (PET) 
scannersorbioelectricimpedanceanalysis(BIA)or 
ultrasound(US).Magneticresonancespectroscopy 
(MRS) provides detailed information about the actual 
composition of signals from metabolites within a 
volume of tissue. The accuracy for 
distinguishingtissuetypeandamountdependsonthes
ensitivityof a particular imaging method with regard to 
contrasting tissues and the spatial resolution of the 
employed 
modality,aswellasthespeedandstabilitywithwhich 
images are acquired.7-10 

Manycomprehensivereviewshavebeenpublishedon 
assessingBCusingvariousimagingmethods.4,10,11Ad
etailedreviewoftheprinciplesofeachmethod,as well as 
their respective, strength and limitations, is beyond 
the scope of the present article. Here, we present 
an overview of advancements occurred in 
imagingtechnologiessuchasDXA,CTandUSthat 
show strong promise for future applications in the 
investigationofobesityandmetabolicsyndromethat 
impair health and nutritional status. 

Dual-energyX-rayabsorptiometry(DXA) 
InorganizingresearchonBC,ithasbeensuggested 
that the human body comprises of more than thirty 
measurablecomponents.As in vivo measurement of 
bodycomponentsdirectlyisnotpossiblecurrently, 
indirectmethodsandmodelshavebeendeveloped 
forthepurpose.12,13Althoughoriginallydesignedfor 
determining bone mineral density and diagnosing 
osteoporosisandotherbonediseases,DXAisalso 
used to assess fat and fat-free soft tissue. DXA 
measurestheabsorption(attenuation)oftwoX-ray 
photonenergies,typicallynear40and70keVwhich 
allowsforthedistinguishingofbonefromsofttissue 

(highattenuationforboneandlowattenuationforfat). 



  

 

 

After excluding pixels that represent bone tissue, 
DXA estimates fat from the proportion of fat to 
lean soft 
tissueineachpixelofawholebodyimagebasedon X-
ray attenuation. It is assumed that, when estimating 
fatandleansofttissue,thepercentageofpixelsthat 
areexcludedasbonedonotdifferfromoneareaof 
thebodytoanother.Additionally,DXAestimationof 
fattissuemaybeinfluencedbyconditionswherethe 
ratioofextracellulartointracellularwatervaries(e.g. 
duetooedema,infancyoraging),asitisassumed 
thatthehydration oflean soft tissue remains constant. 
However,innormal,healthyconditions,achangein 
hydration of 5% influenced fat estimation by only 
11.5%.Anadditionalconsiderationinobesepersons is 
that body thickness (>25 cm) can result in 
underestimation of fat mass.14,15 

DXAisusedinpeopleofallagesowingtoitsrelatively low 
ionizing radiation exposure (-1 mSv per scan), 
although it is recommended that DXA not be 
performed during pregnancy. Comparison to the 
in vivo gold standard four-compartment model 
has 
demonstratedtheaccuracyofDXAforassessingthe 
percent of fat within the body (±5%) as well as 
changesinbodyfatovertime.Within-individualtest- 
retestcoefficientsofvariationof<3%forfatandlean 
mass have demonstrated the reliability of DXA 
measuresinobesechildrenandadults.Hence,DXA 
has been utilized extensively, including for the 
developmentofbodycompositionreferencevalues 
from National Health and Nutrition Examination 
Surveydata.Incontrasttoanthropometricmeasures 
(i.e. waist circumference or waist-hip ratio, which 
correlatewellwithprogressionofatherosclerosisand 
cardiometabolicrisk),useofregionaldistributionof 
fatmassbyDXAinobeseindividualsfirstprovided 
recognition of the differential risk from excess fat 
accumulatedintheandroidversustheganoidregions of 
the body. Even in children and adolescents, greater 
android fat was shown to be significantly and 
independently associated with elevated serum 
triglycerides, reduced HDL cholesterol levels, and 
highersystolicbloodpressure.Anothercontribution 
from DXA has been identifying differences in body 
fat patterns by race and ethnicity.16-20 

Inconsideringtheimportanceofmeasuringvisceral 
adiposetissue(VAT)volumeormass,itisremarkable 
thatoverhalfofUSnon-Hispanicmales,63%ofUS 

non-Hispanicfemales,and75%of Hispanicadults 



 

 

havealevelofabdominalobesitythatisassociateda 
fivefold increased risk for coronary heart disease. 
Several studies have demonstrated that ethnicity 
influences susceptibility to the adverse 
cardiometaboliceffectsofVAT.Althoughtheprevalence 
ofdiabetesis50%greaterandcoronaryheartdisease 
is20%greaterwhencomparingAfricanAmericansto 
non-Hispanicwhites,AfricanAmericansseemtobe 
morepronetoaccumulatingSATthanVAT.Incontrast, 
Asians-eventhose with BMI in the range of normal 
weight-accumulatelargeramountsofVATthanwhites 
who have similar waist circumference.21-23 

DXAmeasurementisbecomingincreasinglyimportant 
duetoitsadvantagesintermsofaccuracy,simplicity, 
availability,relativelylowexpenseandlowradiation 
exposure.DXAsystemsarepractical,requirenoactive 
subject involvement and impose minimal risk.24-

27Therefore,DXAisgaininginternationalacceptanceand 
emerging as the current reference method for the 
assessment of BC, mainly because it provides 
accurateestimatesofbonemineral,fatandleansoft 
tissue, the so called three-component model. In 
addition, DXA is capable of supplying estimates of 
visceralfatusingvalidatedpredictivealgorithmsand 
providesameasureoftruncalfatmass,whichwas 
foundtobepredictiveofdiseaserick.13,28-31Although 
therearenocontraindicationsreportedtotheuseof 
DXAinclinicalpracticeexceptpregnancy,itshould not 
be performed no more than twice a year.13,32-

34However, uncertainty regarding the accuracy of 
DXA body composition measures, particularly in 
individuals 
atthelowerandupperrangesofBMI,indicatesthat 
otherimagingmodalitiesmaybemoresuitablechoices 
depending on the research/clinical question or 
population group being addressed.13,21-23 

ComputedAxialTomography(CT) 
Computed axial tomography (CT) maps X-ray 
attenuation characteristics of tissue, which are 
determinedbytheelementalcomposition(electron 
density)ofthetissuethroughwhichX-rayspass.Using X-
raymeasurementsfromalargenumberofprojection 
viewangles,cross-sectionalimages(tomograms)are 
reconstructed, providing a 2D or 3D map of pixels 
thataregivenanumericalvalue(Hounsfieldunit)where 
0isassignedtowaterand-1000isassignedtoair; 
lowernumbersrepresentlowerelectrondensity.Thus, 
values of adipose tissue density typically fall in the 
rangeof-30to-190Hounsfieldunits.However,since 
whole body composition can be estimated from a 



  

 

 

single cross-sectional image or slice, where 
radiation 
doseiscloserto2.7mSvforquantifyingliverfatand as 
low I mSv for quantifying abdominal fat, there is 
renewed interest in using CT scans for body 
composition research. In addition, advances in CT 
scanner technology and reconstruction 
algorithms, 
particularlywithdiagnosticcardiacCT,arenotonly 
improvingimagequalitybutalsoreducingradiation 
exposureinpeopleofallbodysizesbyconstraining 
image reconstruction to avoid artifacts and using 
sophisticated techniques that reduce radiation 
exposure throughout the scan. 35-37 

An important contribution of CT imaging has been 
elucidating relationships between VAT, insulin 
resistance,andcardiometabolicrisk,bothinpersons 
whoareobeseandthosewhoarenormalweightbut 
“metabolically obese.” Indeed, anthropometric 
measures such as waist circumference, waist-hip 
ratio, or even percent body fat are not as robust in 
predicting cardiometabolic dysfunction when BMI falls 
withintherangeofnormalorunderweight.Theuseof CT 
to measure adipose tissue distribution among 
individuals with obesity has also identified sex 
and 
race/ethnicitydifferences.Notonlyistheproportional 
amountofVATtoSATdifferentwith regard to sex and 
race/ethnicity, but it appears that accumulation of 
VAT 
ismorerobustlyassociatedwithinsulinresistancein 
individuals of European and Asian descent, while 
insulinsensitivityinpersonsofAfricandescentmay be 
more greatly influenced by accumulation of excess 
SAT. Application of CT has also expanded our 
understanding of the strength of the relationship 
betweenthelargestcomponentoftotalbodyfat,SAT 
and insulin resistance.38-40 A major contribution of 
bodycompositionresearchhasbeenadvancingour 
understandingofwhetherchangesinadiposetissue 
depotsfromweightlossinterventionshavedifferential 
effectsoncomponentsofcardiometabolicdisease.It 
isunderstoodthatweightlossinoverweightorobese 
persons, including those with metabolic 
syndrome, diabetes, or cardiovascular disease, 
can improve various risk factors including blood 
pressure, 
dyslipidemia,andinsulinsensitivity.Improvedinsulin 
sensitivityafterweightlossfromconsumptionofvery 
lowcaloriedietsandfromgastricsurgeryhasbeen 
stronglyassociatedwithreducedVATmeasuredby 

CT. Moreover, when considering rnacronutrient 
composition(eglowfatversushighfat)ofverylow 
caloriediets,CTmeasuresshownodifferencebydiet 
typefortheamountofVATloss,suggestingthatthe 
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relativeamountofaparticularmacronutrientmaynot be 
the driving factor in achieving weight loss.41,42 

Inadditiontodifferentiatinglayersofadiposetissue 
depots; determiningthequantityoffatdepositionin the 
liver and skeletal muscle (ie ectopic lipid) has 
becomeofgreatinterest,primarilyduetoitsrelationship with 
insulin resistance. Moreover, accumulation of 
hepatic lipid leads to inflammation, cirrhosis and, 
ultimately,liverfailureasseeninthemostcommon 
liverdiseaseintheUnitedStates,nonalcoholicfatty 
liverdisease(NAFLD).Beinganoninvasivemethod, 
comparedtoliverbiopsy,CTattenuationisusedto 
evaluatethedegreeofhepaticsteatosis.CTdatafrom 
Framingham Heart Study subjects showed 
reproducibilityofsingle-sliceabdominalscans(r=0.98) 
forquantifyingfattyliver. Greater awareness of the 
importanceofmaintainingmusclemassinhealthand 
disease has stimulated the use of scans that have 
beenacquiredinpatientpopulations,typicallyaspart 
ofstandardmedicaldiagnosingandassessmentof 
treatment response, to investigate the role of body 
composition in disease and treatment outcomes. 
Indeed, CT measurement of skeletal muscle 
attenuation,whichreflectsintramuscularadiposetissue 
(IMAT)accumulation,maybeasrobustlyassociated 
withinsulinresistanceasVAT.CTmeasurementof 
IMAT provides information on the effectiveness of 
interventions(diet,exercise,surgery)invariousmuscle 
groups, offering insight into the potential of such 
interventions for altering the physical and physiologic 
effects of obesity, disease and aging.43-45 

Moreover, CT images acquired as part of routine 
clinical practice are being used to determine the 
relationshipsbetweenlossofskeletalmusclemass 
(sarcopenia)andefficacyortoxicityofpharmacologic 
therapy, as well as the outcomes of surgical 
treatments. Skeletal muscle content from slices 
acquiredattheanatomicalregionofthethirdlumbar 
(L3)vertebrarightlycorrelatedwithwholebodymuscle 
volume (r = 0.71-0,92100). Further advancing the 
potential of exploiting single-slice CT images, both 
manual and automated software programs have been 
developedforsegmentationofmuscle,VATandSAT 
Cross-sectional area of VATand SAT, quantified from 
asingleCTslice,arestronglycorrelatedwithwhole 
body measures in persons of various ages, race/ 
ethnicities, and BMI (r= 0.84-0.96 for whole- body 
adipose tissue volume). This information is highly 
useful,assarcopenicobesity(i.e.havingthedouble 
burdenoflowskeletalmusclemassandhighfatmass) 

isincreasinginthegeneralpopulation.Currently,the 
contributionofsarcopenicobesitytocardiometabolic 
diseaseriskisunclear,particularlyduetothelimitation of 
having no established criteria or cut points to 
classifyindividuals.Althoughsomeepidemiological 
investigations have not detected an association 
betweensarcopenicobesityandcardiovascularrisk, 
alowskeletalmuscletoVATratiohasbeenassociated with 
metabolic syndrome and arterial stiffness (via 
pulse-wavevelocity)inotherwisehealthyadults.46-48 

Recent advances in imaging modalities have been 
usefulinearlydetectionofseverityandcomplications 
ofmetabolicsyndromethusreducingmorbidityand 
mortality from it.34(a) This early detection has been 
helpful in monitoring target organ injury and in turn 
developingnoveltherapeutictargettoalleviateand 
avertthem.Inparticular,usingCTtoassessmetabolic 
syndromereportedthataccumulationofVATisthe 
bestpredictorofmetabolicsyndromeinwomenand 
agoodpredictorofmetabolicsyndromeinman.48,49 

Ultrasound(US) 
Ultrasound(US)islikelythemostconvenientimaging 
methodthathasemergedforquantifyingtissueamounts 
and types, due to widespread availability in clinical 
practice(whereitisusedforpurposesofdiagnosis and 
treatment response), portability, and relatively low 
cost.TheUStransducerproducessoundwavesthat 
reflectofftissues,makingechoesthatareconverted 
into signals for processing. The amount of sound 
reflected is determined by the acoustic impedance 
betweentissues;whileairhasrelativelynoimpedance, 
bonehasarelativelyhighimpedance(0.78g/cm/s) 
andadiposeandleantissuehaveimpedancesof0.138 and 
0.170 g/c/s, respectively. Measurement of 
mesentericfatthicknessbyUSisstronglyassociated 
withcardio-vascularriskfactorsinhealthyyoungadults, 
butcomparisonofUSmeasuresforadiposetissue 
(VATandSAT)tothoseacquiredbyCTsuggestthat, 
whilethereisstrongcorrelationwithVAT,theremay 
belessaccuracyandreliabilitywithmeasurementof 
SAT.However,US-detectedchangesintotalbodyfat 
afterweightlosswerecomparabletoDXAmeasuresin 
obese adolescents.50,51 

Dysregulation of the human’s energy balance, 
mediatedbynon-performingendocrineorgans(liver, 
skeletalmuscle,adiposetissueetccanberelatedto 
human metabolic disorders characterized by an 
impairedBCsuchasobesityandsarcopenia.US,a 
fast,non-invasive,low-costandwidelyavailable 
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imagingtechnique,holdsgreatpotentialinthestudy of 
BC. US can directly measure muscles, organs, 
visceral and subcutaneous fat tissue in different 
sections of the abdomen and body, overcoming some 
limitsofanthropometricevaluationandotherimaging 
techniques.USexaminationhasthepotentialrolein 
thecontextofBCcharacterization,investigatingfour 
pivotaltopicsi.e.abdominalfatcompartments,SAT, 
skeletal muscle and liver.51,52 

Conclusion 
Advances in DXA, CT and US techniques have 
increasedtheirapplicationsinassessingadiposeand 
leantissueinvariousbodydeposits.DXAisgaining 
internationalacceptanceandemergingasthecurrent 
reference method for the assessment of BC. CT 
measurement of IMTAprovides information on the 
effectivenessofinterventions(diet,exercise,surgery) 
offeringinsightintothepotentialofsuchinterventions 
foralteringthephysicalandphysiologicaleffectsof 
obesity,diseaseandaging.UShasbecomeoneof the 
most convenient imaging methods that has 
emergedforquantifyingtissueamountsandtypes, 
due to wide spread availability in clinical practice. 
Measurement of mesenteric fat thickness by US is 
associatedwithcardio-vascularriskfactorsinhealthy 
young adults and there may be less accuracy and 
reliabilitywithmeasurementofSATcomparedtoVAT. 
However,US-detectedchangesintotalbodyfatafter 
weight loss were comparable to DXA measures in 
obese adolescents. Thus, biomedical imaging 
modalitieshaveimprovedtheabilitytoassessadipose 
andleantissueinvariousbodydepots,haveincreased the 
availability of imaging modalities in clinical and 
researchsettings,havereducedscanningtimeand 
subjectburden,andhaveloweredsomeofthecostof 
imaging. These advances have enhanced our 
understandingofthemultifactorialandcomplexnature 
ofobesity,metabolicsyndrome,andthedevelopment of 
diabetes and cardiovascular disease. However, 
applications of other imaging modalities may be 
consideredalsodependingontheresearchorclinical 
question or population group addressed. 
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