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“The cultural revolution in China was from 1966 to 1976, when I was 20 to 30 yrs. All 
universities in China were almost stopped. I was sent  to the impoverished countryside in 
1968 and wasted there doing farm labor for ten years. Until Mao died in 1976, I finally had 
a chance to go back to university again in 1978 when I was already  32 years old.”
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Jindřich Matiegka

1921
“it is a duty of anthropology to 
develop a method for testing human 
physical capacity”

“physical capacity constitutes the 
working capacity and determines 
the working efficiency of the 
person.”
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Anthropometry Foundation

Matiegka J. Am J Phys Anthropol. 1921

WW I
1914-1918



Two-Compartment Body Density Model

VT (MT)

Fat

LBM
DFFM = 1.10 kg/L

DF = 0.90 kg/L

Albert Behnke

Behnke AR, Bull N Y Acad Med. 1942
% Fat = (495/Body Density) - 450

William Siri

WW II
1939-1945
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Two Compartment Hydrometry Model: 

Nello Pace & Edith Rathbun

MT

Fat

FFM

MT = MF + MFFM

MFFM = MTBW / 0.732

MFAT = MT - MFFM 
TBW

1945

JBC, 1945



Dual Photon Absorptiometry  1970

FatFat
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Dual-Energy X-ray Absorptiometry (DXA)



y = 0.97x + 1.94
R² = 0.95
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Validation of Adiposity by DXA

Visceral adipose Tissue
CT vs. DXA

Visceral Adipose Tissue (VAT)
Subcutaneous Adipose Tissue (SAT)
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DXA Measurement of Skeletal Muscle Mass



4-Component Model

V

Fat

FFM

MF = 2.51×V − 0.74×TBW + 0.95× Mo − 1.79 × MT 

TBW

Mineral

Residual

Combine body density, total body water, Bone 
Mineral Measurements

DTBW = 1.00 kg/L

DF = 0.90 kg/L

DResidual = 1.40 kg/L

DMineral = 2.98 kg/L

MT = MF + MTBW + MMineral +  MProtein 
1990



1973-5 Computerized Axial Tomography

Geoffrey Hounsfield



Subcutaneous AT

Intermuscular AT
(IMAT)

Muscle Fascicle 
& Fibers 

Intramyocellular Lipid (IMCL)

Polar Lipids

Neutral Lipids (“fat”)

Bone
Marrow

Intramuscular AT



IMCL

Mitochondria

Sarcomere

Aubrey, Acta Physiologica, 2014 



Magnetic Resonance Imaging

http://upload.wikimedia.org/wikipedia/commons/b/bd/Modern_3T_MRI.JPG


Whole-Body MRI for Body Composition Measurement

• Subcutaneous  AT• Visceral AT• Skeletal Muscle



Tom Dixon

1981 Chemical Shift (Water-Fat) MRI



Development of Laser Scanners1990s



Advances in Digital Anthropometry

Good predictions of total and regional body fat & fat-free mass



Selfie Mode



Skeletal Muscle Prediction

SS20

Me360



Muscle Mass: Urinary Creatinine Method

Cr

SM

SM = k x Crurine

SM = a x Crurine +b
Cr SM

Non-SM

a = 22 kg SM/g Crurine



D3-Creatine 
Tracer Dose

Blood

Kidney

Urine

Creatine Pool

Phosphocreatine

Creatinine

Creatine

Muscle Cell Mass: D3-Creatine Dilution Method

McCarthy, SCWD, 2022



Ultrasound1942

Karl Dussik

Dussik, K.T. Neurol. Psychiat. 1942.

Femur

Subcutaneous 
Adipose Tissue
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Vastus 
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Bioimpedance Analysis
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y = 0.82x + 4.9

R² = 0.88
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Bioimpedance Analysis



SOLIDS
22 %

FAT
18 %

ECV
24 %

ICV
36 %
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BIA and Muscle Composition

Yamada et al. J Gerontol 2016

Muscle Atrophy Muscle Atrophy
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Adiposity Estimation from Blood Measurements

General Metabolics: Metabolomics
SomaLogic: Proteomics

Predictor Variables:

Leptin

FABP (fatty acid binding protein)

SFRP4 (secreted frizzled-related 

              protein 4)

Williams et al., Nature Med  2019
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Gaps

• Accurate detection of small changes in body components.

• Need for improved/reproducible/practical field methods.

• Lower-cost advanced imaging technology.

• Approaches for measuring body (muscle) (contractile) 
            proteins.

• Need for integrated advanced dynamic energy 
           balance-body composition models.
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