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Nonalcoholic fatty liver disease (NAFLD) is the most 
common chronic liver condition in Western countries, 

due in large part to its association with type 2 diabetes, obe-
sity, and metabolic syndrome. It is continuously increas-
ing in incidence in both obese and nonobese populations 
worldwide (1). NAFLD can progress from simple steatosis 
to inflammation (steatohepatitis) to fibrosis to cirrhosis, 
which can require liver transplantation (2). Unfortunately, 
fatty liver disease is difficult to diagnose due to a lack of 
clinical symptoms in early stages of the disease, when ste-
atosis remains reversible. Biochemical markers (liver func-
tion tests) are not accurate indicators for reflecting fat ac-
cumulation in hepatocytes (3). NAFLD strongly increases 
the risk of diabetes mellitus and cardiovascular disease (4). 
Quantitative biologic markers are urgently needed to de-
tect early-stage NAFLD, quantify steatosis severity, assess 
treatment response, monitor disease progression, and pre-
dict treatment outcomes.

AIUM–RSNA QIBA Efforts for US Liver Fat 
Quantification
The American Institute of Ultrasound in Medicine–Ra-
diological Society of North America Quantitative Imag-
ing Biomarkers Alliance (QIBA) Pulse-Echo Quantitative 
Ultrasound (PEQUS) Biomarker Committee was created 
in 2020 to develop and standardize protocols to quantify 
liver fat content using measurements that can be per-
formed with clinical US imaging systems. The PEQUS 
Biomarker Committee includes dozens of physicians, sci-
entists, and engineers (from academia, industry, and gov-

ernment) and is investigating three biologic markers to 
characterize liver fat: attenuation coefficient (AC), back-
scatter coefficient (BSC), and speed of sound. This article 
explains the science and clinical data behind BSC. While 
each of the three biologic markers has been used individ-
ually to assess liver fat with promising initial results, the 
committee is also exploring combinations of AC, BSC, 
and speed of sound (eg, linear combinations or artificial 
intelligence networks), which are anticipated to yield bet-
ter diagnostic performance than any individual biologic 
marker. QIBA previously demonstrated a method with 
minimal cross-platform dependence for shear-wave elas-
tography to characterize liver fibrosis (5). A glossary of 
terms used in this review is provided in Table 1.

Methods for Liver Fat Assessment

Biopsy
Currently, liver biopsy is still the accepted clinical refer-
ence standard in the diagnosis of nonalcoholic steatohepa-
titis. Biopsy involves direct visualization of histology with 
quantitative scoring on a four-point scale (range, 0–3) as-
sessed from the percentage of parenchymal involvement 
by steatosis. However, biopsy has major limitations. First, 
biopsy is invasive and has a nonzero complication rate 
(6). Second, each liver biopsy samples only 1/50 000 of 
the liver mass (6), which can give an inadequate depic-
tion considering that 10%–15% of fatty livers are inho-
mogeneous (7). Third, although the criteria for different 
degrees of fatty livers are well defined (eg, simple steato-
sis, parenchymal inflammation, hepatocyte ballooning, 
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high interobserver variability deters diagnosis (16). Standard 
visual B-mode US evaluation of fatty liver is mainly focused on 
changes in backscatter and attenuation compared with normal 
liver (15). Fat accumulation tends to result in greater back-
scatter from the liver parenchyma. Fat has a different acoustic 
impedance (product of density and sound speed; see Table 1 
and the Basic Physics of Scattering section) than other liver 
tissue, so fat globules scatter (ie, redirect) ultrasound waves and 
thereby lead to higher echogenicity of fatty liver. Visual meth-
ods to assess steatosis are typically subjective. These can include 
scoring of liver echogenicity and loss or blurring of margins of 
typically bright intrahepatic structures, such as portal triads. 
Blurring is a consequence of spatial resolution degradation that 
arises from beam attenuation and phase aberration (beam dis-
tortion due to spatially heterogeneous sound speed; fat drop-
lets have lower sound speed than surrounding tissue). These 
evaluations can be strongly influenced by transducer frequency, 
focusing properties, and machine settings (eg, nonlinear gray-
scale maps) (17).

US Attenuation
As a ultrasound beam propagates through tissues, it loses in-
tensity due to attenuation, which is the combined result of 
absorption (conversion of US energy into heat) and scattering 
(redirection of incident ultrasound beam). In B-mode US, struc-
tures with low attenuation (eg, cysts) are responsible for distal 
enhancement, while structures with high attenuation (eg, cal-
cium, stones, or gas) are responsible for distal shadowing (18). 
The AC can be measured by computer processing of radiofre-
quency (RF) signals received by the US transducer (19,20). (The 
RF signal is a digitized preprocessed signal that is also used to 
compute the brightness displayed on B-mode US images.) By 
comparing RF signals from regions at two different depths, the 
attenuation due to tissue between the two regions may be mea-
sured if system effects are properly accounted for. Since the AC 
is frequency dependent, this comparison is often done as a func-
tion of frequency in the frequency domain (eg, by computing 
Fourier transforms of RF signals) in decibels per centimeter. The 
AC may be reported (in decibels per centimeter) at a particular 
frequency or as a function of frequency. The rate of change of AC 
with frequency may be reported in decibels per centimeter per 
megahertz (also known as AC slope).

The clinical value of AC for quantification of liver steatosis is 
covered in a companion article (14). Attenuation measurement 
is available on several commercial US scanners. Multiple clinical 
studies have shown that attenuation parameters relate to MRI 
PDFF, suggesting that these parameters could be used to assess 
steatosis severity (7,14).

US HRI
The hepatorenal index (HRI) is the ratio of mean image 
brightness in a liver region of interest (ROI) to mean im-
age brightness in a nearby right kidney cortex ROI (21,22). 
Table 2 shows a summary of HRI measurements to diagnose 
hepatic steatosis in 13 clinical trials (21–33). Combined per-
formance may be summarized by sensitivity (mean, 78% ± 
22 [SD]), specificity (mean, 91% ± 12), and area under the 

fibrosis associated with increased fat content or steatohepati-
tis [7]), interpretation by pathologists can be inconsistent (8). 
Therefore, physicians, other health care providers, patients, and 
researchers need a safer and more robust method with which to 
diagnose and monitor NAFLD.

MRI-based Methods
MRI-based proton density fat fraction (PDFF) is well recog-
nized as a reliable biologic marker with which to quantify fat 
accumulation in the liver. MRI PDFF findings have shown a 
close correlation with histology results (r = 0.85) in the assess-
ment of hepatic steatosis severity by measuring the percentage 
of mobile fat protons as compared with the total number of 
mobile protons (9). By sampling the entire liver, it has yielded 
within-subject reproducibility (SD) of less than 1% (10). Im-
portantly, it is considered a reliable reference standard for 
other quantitative imaging biologic marker studies of NAFLD 
when liver histology results are unavailable (11). Further, MRI 
PDFF has been shown to be a useful measure of liver fat con-
tent in the assessment of treatment response in early-phase 
nonalcoholic steatohepatitis clinical trials (12). MR spectros-
copy has also been used for liver fat quantification (13), but  
it is not as widely available as MRI PDFF. Limitations of  
MRI-based methods in screening for NAFLD include poor por-
tability, high cost, and being contraindicated in patients with 
claustrophobia or implanted devices (eg, pacemakers) that are 
not compatible with MRI.

B-Mode US
As discussed in a companion article (14), conventional B-mode 
US is commonly used to screen for liver steatosis (15), but the 

Abbreviations
AC = attenuation coefficient, BSC = backscatter coefficient, HRI = 
hepatorenal index, NAFLD = nonalcoholic fatty liver disease, NLV = 
normalized local variance, PDFF = proton density fat fraction, QIBA 
= Quantitative Imaging Biomarkers Alliance, RF = radiofrequency, 
ROI = region of interest

Summary
Quantitative US backscatter shows promise in the noninvasive as-
sessment of liver fat content but requires further protocol standard-
ization and validation before widespread implementation in clinical 
care and research.

Essentials
	■ B-mode US echogenicity of the liver is positively correlated with 

fat content.
	■ The hepatorenal index (HRI) and backscatter coefficient (BSC) 

(both of which are related to liver echogenicity) can be used to 
detect and assess liver steatosis.

	■ The BSC is expected to be less affected by confounding parameters 
(eg, tissue attenuation, machine gain settings, and transducer  
focusing) than the HRI.

	■ The American Institute of Ultrasound in Medicine and 
Radiological Society of North America Quantitative Imaging 
Biomarkers Alliance are working to standardize US acquisition 
protocols and data analysis methods to improve the diagnostic 
performance of BSC in liver fat assessment.
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Table 1: Glossary of Terms

Term Definition
Acoustic impedance Product of density and sound speed; spatial variations in acoustic impedance result in scattering of incident US waves
AC Quantitative index of the rate at which US waves lose energy due to absorption and scattering as they propagate 

through tissue (measured in decibels per centimeter)
AC slope The rate at which AC varies with US frequency (measured in decibels per centimeter per megahertz)
B mode Conventional US gray-scale image mode
BSC Quantitative index of the fraction of incident US energy that gets redirected back toward the source transducer (1/cm-Sr 

or dB/cm-Sr) when tissue contains a spatial distribution of scatterers smaller than or on the order of a wavelength
Echogenicity Gray-level brightness of tissue on a B-mode image
Elevational  

beam width
Width of the ultrasound beam perpendicular to the image plane

HRI Ratio of mean gray-scale pixel values in liver ROI versus renal cortex ROI
Lateral beam width Width of the ultrasound beam in the image plane
MRI PDFF MRI-based biomarker for quantification of fat accumulation in the liver, expressed as an absolute percentage
NLV Ratio of the variance to the squared mean of pixel gray levels in an ROI multiplied by π/(4–π) (61)
Resolution volume A volume below which a US system is unable to resolve structures, defined by the product of the pulse length, lateral 

beamwidth, and elevational beam width
RF Digitized raw preprocessed signal obtained from US echoes that may be used to compute AC, BSC, or image 

brightness from ROI
Reference phantom  

method
Method for measuring AC and BSC simultaneously by comparing measurements from tissue to measurements from 

phantom with known AC and BSC
ROI ROI on an image to isolate specific tissue for quantitative analysis
Speckle Seemingly random pattern of bright and dark spots on an image resulting from constructive and destructive 

interference of waves scattered from multiple unresolvable structures
Specular reflection US energy redirected by structures that are large relative to a wavelength or beam diameter
TSI-p Gray-level brightness histogram shape parameter that is thought to indicate concentration and degree of regularity of 

scatterer spacing (64)
UDFF Result of a least-squares model (based on correlation analysis of AC in dB/cm-MHz and BSC in dB/cm-Sr vs MRI-

PDFF) that best predicts MRI PDFF in vivo (66)

Note—AC = attenuation coefficient, BSC = backscatter coefficient, HRI = hepatorenal index, NLV = normalized local variance, PDFF = 
proton density fat fraction, RF = radiofrequency, ROI = region of interest, TSI-p = tissue scatter distribution imaging parameter, UDFF = 
US-derived fat fraction.

Table 2: Summary of Hepatorenal Index Measurements in the Diagnosis of Hepatic Steatosis (>5%) in Clinical Trials

First Author, Year of  
Publication, and Reference No.

Sample  
Size

Sample  
Age (y) Cutoff Sensitivity (%) Specificity (%) AUC

Reference 
Standard

Webb, 2009 (21) 111 44 ± 12* 1.49 100 91 0.992 Biopsy
Mancini, 2009 (22) 40 28–65† 2.2 100 95 0.996 MR spectroscopy
Marshall, 2012 (23) 101 19–87† 1.28 100 54 0.92 Biopsy
Borges, 2013 (24) 42 18–70† 1.24 92.7 92.5 0.96 Biopsy
Martin-Rodriguez, 2013 (25) 121 21–77† 1.28 94.7 95.7 0.991 MR spectroscopy
Chauhan, 2016 (26) 45 24–76† 2.01 62.5 95.2 0.79 Biopsy
Moret, 2020 (27) 276 58 ± 11* 1.22 76.4 93.2 0.896 Biopsy
Petzold, 2020 (28) 157 48 ± 15* 1.46 42.7 90.7 0.68 Biopsy
Tanpowpong, 2020 (29) 179 23–77† 1.18 90 80 0.926 MRI PDFF
Johnson, 2021 (30) 267 52 ± 13* 1.17 64 97 ... Biopsy
Tran, 2021 (31) 52 32 ± 7* 1.54 50 91.7 0.74 MR spectroscopy
Kjaergaard, 2022 (32) 137 53–65† 1.46 48 100 0.79 Biopsy
Pirmoazen, 2022 (33) 31 52 ± 15* 2.24 94 100 1.00 MRI PDFF
Overall* 120 ± 83 … 1.52 ± 0.38 78 ± 22 91 ± 12 0.89 ± 0.11 …

Note—Another reference (99) analyzed a data set highly overlapping with the data set of Marshall et al (23), using a different analysis 
method. AUC = area under the receiver operating characteristic curve, PDFF = proton density fat fraction.
* Data are mean ± SD.
† Data are the range.
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receiver operating characteristic curve (mean, 0.89 ± 0.11). 
However, the variability in optimal HRI cutoff levels in these 
studies was considerable, as noted previously (14,34), ranging 
from 1.17 to 2.24 (mean, 1.5 ± 0.4), suggesting inferior aver-
age performance might be expected if one HRI cutoff level 
was used for all studies. Further, all trials used one scanner, 
so intersystem variability was not tested. Figures 1–5 show 
measurements of HRI from B-mode US images in livers with 
normal and elevated steatosis grades.

Limitations of US HRI in the Diagnosis of Hepatic Steatosis
The necessity of the right kidney as a reference can be prob-
lematic because HRI measurements can be compromised in 
patients with (a) severe renal cortical scarring, (b) incidental 
large or numerous renal cysts of solid mass lesions, (c) hydro-
nephrosis, or (d) lack of one image containing both the liver 
and the right kidney (23,26). The HRI may be confounded by 
concomitant fibrosis (35) and by differences in beam focusing 
and intervening attenuation between the transducer and the 
two ROIs. A further limitation of HRI is that, due to anisot-

ropy of backscattering from the kidney (36,37), the reference 
measurement depends on the angle at which US interrogates 
the kidney. Finally, operator-dependent variation in placement 
of ROIs can add variability to HRI.

HRI measurement capability is currently offered on sev-
eral commercial platforms. Alternatively, HRI can be mea-
sured offline from images acquired with any system by using 
image analysis tools that are commonly available in picture 
archiving and communications system software. Numeric 
values of HRI, and hence cutoff values, may be influenced 
by nonlinear signal processing, such as dynamic range com-
pression. (To display weakly scattering structures, such as 
blood, and strongly scattering structures, such as fluid-tissue 
interfaces, on the same image, US echo amplitudes are some-
times compressed by applying nonlinear operators, such as 
logarithms. Nonlinear signal processing disrupts the approxi-
mately proportional relationship between image gray level 
and backscatter strength. Therefore, HRI and cutoff values 
may vary depending on the details of the nonlinear compres-
sion method.)

Figure 1:  B-mode US image of liver with steatosis grade S0 (<5%) and  
hepatorenal index (B ratio) of 1.00.

Figure 2:  B-mode US image of liver with steatosis grade S3 (≥66%) and 
hepatorenal index (B ratio) of 1.95.

Figure 3:  B-mode US image of liver with steatosis grade S0 (<5%) and  
hepatorenal index of 0.72.

Figure 4:  B-mode US image of liver with elevated steatosis grade and  
hepatorenal index of 2.57.



US Backscatter for Liver Fat Quantification

530	 radiology.rsna.org  ■  Radiology: Volume 305: Number 3—December 2022

US BSC

Basic Physics of Scattering
When an ultrasound beam propagates through tissue and en-
counters a spatial variation (on a scale smaller than or on the 
order of a wavelength) in local acoustic impedance (Table 1), a 

fraction of the incident US energy is scattered in all directions. 
(Scattering is distinguished from US energy redirected 180° by a 
structure much larger than a wavelength, which is called specu-
lar reflection.) The portion of scattered US energy redirected by 
180° (ie, backward, toward the US source) is called backscatter.  
For example, fat has 10% lower density (ρ) than water (eg, 0.9 g/cm3  
vs 0.997 g/cm3) and 6% slower speed of sound (c) than water  
(eg, 1450 m/sec vs 1540 m/sec), resulting in an impedance (ρc) 
mismatch between lipid vacuoles and water-based cytoplasm 
of approximately 16%. Therefore, lipid vacuoles scatter ultra-
sound and lead to a higher BSC of fatty liver. Figure 6 shows 
the acoustic microstructure in a mouse liver with nonalcoholic 
steatohepatitis (38). The liver exhibits much microstructural 
variation in acoustic impedance throughout a typical clinical (3-
MHz) spatial resolution volume, which is the product of the US 
pulse length in the propagation direction (about 1.5 times the 
wavelength, or 750 µm), the lateral (ie, in the image plane) beam 
width (a few millimeters), and the elevational (ie, perpendicular 
to the image plane) beam width (a few millimeters).

As discussed in the Positioning Transducer and ROI section 
of this article, backscatter data are usually acquired from regions 
not containing resolvable structures, such as larger blood ves-
sels, bile ducts, portal tracts, or focal lesions. In these regions, 
backscatter from the liver may be attributed to many distributed 
unresolvable structures. The unresolved component appears on 
the B-mode US display as a pattern of bright and dark spots, 
known as speckle (39,40). The gray levels of the spots are related 
to magnitudes of impedance mismatches at scattering interfaces, 
the effective numbers of contributing scatterers, and the degree 
to which scattered waves interfere constructively (ie, in phase) 
or destructively (ie, out of phase). Figure 7 shows that speckle 
patterns develop when the number of scatterers per spatial reso-
lution volume is high enough. Theoretically, when the effective 
number of scatterers per spatial resolution volume is less than or 
equal to one, then (assuming that echoes from single scatterers 
are strong enough to be detected) individual spots correspond to 
individual scatterers, but there is no speckle (Fig 7A). However, 
if the effective number of scatterers per spatial resolution volume 
is greater than one (as is the case with the liver), then individual 
spots result from interferences of waves scattered by multiple 
structures contained within a spatial resolution volume (41)  
(Fig 7C). When scattering structures are much smaller than the 
spatial resolution volume, the sizes of and distances between 
speckle spots are determined by the spatial resolution limitations 

of the US imaging system 
rather than by the scat-
terer sizes.

Backscatter from a 
volume of tissue contain-
ing many distributed un-
resolvable scatterers (eg, 
liver) may be quantified 
by BSC, which is mea-
sured in units of 1/centi-
meter-steradian (hereafter, 
1/cm-Sr). The units arise 
from the effective number 

Figure 5:  B-mode US image of liver with elevated steatosis grade and hepa-
torenal index of 2.57.

Figure 6:  Acoustic micrograph acquired at 80 MHz shows two-
dimensional acoustic impedance distribution of nonalcoholic steatohepatitis 
in mouse liver. Black circles indicate patterns of higher-than-normal acoustic 
impedance values. Black arrow points to an area with lower-than-normal 
impedance values. (Reprinted, with permission, from reference 38.)

Figure 7:  B-mode US images generated with computer simulation. The numbers of scatterers per spatial resolution volume are 
(A) less than 1, (B) equal to 2, and (C) equal to 6. (Reprinted, with permission, from reference 41.)



Wear et al

Radiology: Volume 305: Number 3—December 2022  ■  radiology.rsna.org	 531

of scatterers per unit volume (in inverse cubic centimeters) multi-
plied by the average scatterer cross section (in square centimeters) 
redirecting incident ultrasound into a solid angle (measured in 
steradians) centered around 180°. The BSC is a primary determi-
nant of gray-scale brightness on a B-mode US image in regions of 
tissues containing diffuse scatterers.

Additional information regarding scatterer sizes can be ob-
tained from frequency domain analysis of RF backscattered 
signals (37,42–56). Information regarding spatial distributions 
of scatterers, including number of scatterers per spatial resolu-
tion volume and regularity of scatterer spacing, can be inferred 
from statistical distributions (eg, histograms) of brightness levels 
(55,57–59). The underlying theory is very mathematical and be-
yond the scope of this review. To our knowledge, detailed con-
nections between histogram shapes and liver histology results 
have not been confirmed. Heterogeneity and spatial correlations 
among scatterers can affect the histogram shape (57,59,60), 
which has been assessed with commercial scanners by using the 
normalized local variance (NLV) (61,62) and the tissue scatter-
distribution imaging parameter (63,64). As shown in Figures 
8 and 9, NLV, which is thought to indicate heterogeneity of 
dominant scattering structures, has been used to assess steatosis 
(7,61,62). In fatty liver, scattering is thought to be dominated 
by relatively homogenous scatterers within the parenchyma, re-
sulting in an NLV value close to one, indicative of a Rayleigh-
distributed histogram (61,62). In normal livers, scattering from 
parenchyma is diminished, so echo amplitudes are due to com-
parable contributions from parenchyma and small-vessel walls, 
collectively appearing as a heterogeneous set of scatterers, in-
creasing the variance relative to the mean squared, resulting in an 

NLV value different from 
one (61,62). The tissue 
scatter distribution im-
aging parameter, which 
is thought to indicate 
concentration and degree 
of regularity of scatterer 
spacing (63,64), has also 
been used to assess steato-
sis (64). Histogram shape 
parameters have a com-
plex dependence on the 
size of the system spatial 
resolution volume, creat-
ing formidable challenges 
for system-independent  
measurements.

Reference Phantom 
Method for Clinical 
Measurement of BSC
The reference phantom 
method enables accurate 
measurement of BSC 
that is independent of 
machine factors (eg, gain 
settings, beam focusing 

properties) (65). The method is performed as follows: Gain 
settings (eg, transmit level and depth gain compensation) are 
optimized for the individual patient. Then, an ROI within the 
liver is marked for analysis. RF data (before nonlinear compres-
sion) are acquired from the ROI. Next, with the same gain and 
ROI settings, data are acquired from a reference (calibration) 
phantom in which AC and BSC previously have been mea-
sured (eg, by the manufacturer). When RF backscatter spectral 
ratios are taken between patient and phantom measurements, 
the effects of gain and beam focusing cancel out, enabling 
system-independent BSC measurements, which are presented 
schematically elsewhere, to be obtained (56). For AC, as was 
discussed earlier in this article, this analysis is typically per-
formed in the frequency domain (ie, after Fourier transforms 
of RF waveforms) because both AC and BSC are functions 
of frequency. A database of reference phantom measurements 
with a variety of gain settings and ROI sizes and locations may 
be acquired in advance by the manufacturer, as is done in one 
commercial implementation (66), to facilitate real-time online 
data analysis and to make phantom data acquisition unneces-
sary at the time of patient examination.

BSC Measurements in Normal and Fatty Livers
As shown in Table 3, early investigations established feasibil-
ity of BSC measurements in vitro from tissue samples (67,68). 
Subsequent clinical investigations measured a normal range of 
liver BSC in vivo of about (4 ± 2) × 10−4 1/cm-Sr, based on 
examinations of groups of 13–35 participants (children and 
adults) at frequencies ranging from 2.25 MHz (69) to 3 MHz 
(70,71). In one of these investigations, fatty infiltration in 

Figure 8:  B-mode gray-level histogram analysis from liver of patient with a proton density fat fraction of 3.6%. Left: B-mode gray-
level image. Yellow circle indicates region of interest. Right: Normalized local variance (NLV) image. Red and blue indicate lower 
and higher NLV values, respectively.
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seven participants elevated the mean BSC by a factor of 17, to 
a level of (68 ± 37) × 10−4 1/cm-Sr at 3 MHz (71). One early 
in vivo study (69) used image gray-scale data, while two early 
in vivo studies (70,71) used RF data. RF data are preferred 
for accurate frequency domain compensation for machine set-
tings, transducer properties, and beam propagation (65). RF 
data also allow the frequency dependence of the BSC to be 
determined. For example, although a transducer might have a 
nominal frequency of 3 MHz, it actually transmits ultrasound 
waves at frequencies throughout a range, such as 2.5–3.5 MHz. 
Frequency-domain processing allows assessment of how BSC 
varies throughout this 
frequency range. Since 
the BSC for fatty liver 
rises more rapidly with 
frequency than the BSC 
for normal liver (67), 
the BSC slope (1/cm-Sr/
MHz) might be a further 
biologic marker of ste-
atosis since it would be 
expected to be positively 
correlated with fat con-
tent in the liver. How-
ever, BSC slope might 
be impractical in obese 
patients with high liver 
attenuation and poor 
backscatter signal quality.

Relationship between 
BSC and MRI PDFF in 
Clinical Trials
Recently, BSC has been 
investigated in larger clin-
ical trials. Figure 10 shows 

measurements of AC and BSC in patients with three grades of 
steatosis. In a prospective cross-sectional study of 204 adults, 
140 with NAFLD (MRI PDFF ≥5%) and 64 without NAFLD 
(MRI PDFF <5%), BSC at 3 MHz correlated with MRI PDFF, 
with a Spearman rank correlation coefficient of 0.80 (72). In the 
detection of steatosis with BSC, sensitivity was 87% (95% CI: 
77, 94), specificity was 91% (95% CI: 75, 98), and area under 
the receiver operating characteristic curve was 0.95 (95% CI: 
0.90, 1.00).

In another study of 102 adults (78 with NAFLD [MRI 
PDFF ≥5%]), BSC and AC at 2.7 MHz had Pearson 

Figure 9:  B-mode gray-level histogram analysis from the liver of a patient with proton density fat fraction of 20.5%. Left: B-mode 
gray-level image. Yellow circle indicates region of interest. Right: Normalized local variance (NLV) image. Red and blue indicate 
lower and higher NLV values, respectively.

Table 3: Summary of Backscatter Coefficient Measurements in the Liver in the 2–3-MHz Frequency Range

First Author, Year of Publication, 
and Reference No.

Frequency  
(MHz)

In Vitro or  
in Vivo Sample Size Liver State BSC (1/cm-Sr × 10−4)*

Bamber, 1981 (67) 2.5 In vitro 17 Normal  2.5 ± 2.0
Nicholas, 1982 (68) 3 In vitro Not provided Normal     9 ≥ 2.0
O’Donnell, 1985 (69) 2.25 In vivo 13 Normal  3.5 ≥ 1.2†

Wear, 1995 (70) 3 In vivo 15 Normal  2.9 ≥ 1.8
Lu, 1999 (71) 3 In vivo 35 Normal     5 ≥ 2.0
Lu, 1999 (71) 3 In vivo 7 Fatty infiltration   68 ≥ 37
Lin, 2015 (72) 3 In vivo 204 MRI PDFF 11.1% ≥ 8.6*   22 ≥ 38
Paige, 2017 (81) 3 In vivo 60 MRI PDFF 15.0% ≥ 9.0*‡ 380 ≥ 640‡

Han, 2020 (73) 2.7 In vivo 102 MRI PDFF 12.8% ≥ 8.8*   45 ≥ 55

Notes— BSC = backscatter coefficient, PDFF = proton density fat fraction.
* Data are mean ≥ SD.
† All measurements were based on radiofrequency data, except O’Donnell and Reilly, 1985, which used envelope-detected data.
‡ Histology-confirmed steatosis grades were S1 (n = 27), S2 (n = 16), and S3 (n = 17). In this study, BSC values were much higher because 
all patients had histologically confirmed nonalcoholic fatty liver disease.
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correlation coefficients of 0.58 and 0.59, respec-
tively, with MRI PDFF (73). Combining mul-
tiple quantitative US parameters yielded a fat 
fraction estimate with a Spearman rank correla-
tion coefficient of 0.82 and a Pearson correlation 
coefficient of 0.76 with MRI PDFF.

In a study of 101 adults (66) (a portion of 
which overlapped with the previously mentioned 
study [73], 93 with NAFLD [MRI PDFF ≥5%]) 
in which a commercial scanner was used, a least-
squares fit of a quadratic function to MRI PDFF 
versus BSC at 3 MHz yielded a coefficient of de-
termination (R2 = 0.76) that was higher than the 
coefficient of determination for MRI PDFF versus 
AC (R2 = 0.6). Log-transformed BSC and AC also 
were analyzed in least-squares models to evaluate 
correlations with MRI PDFF. The model that best 
predicted MRI PDFF is called the US-derived fat 
fraction (UDFF). The Pearson correlation coeffi-
cient between UDFF and MRI PDFF was 0.87. 
For detection of steatosis with UDFF, sensitivity 
was 84% (95% CI: 76, 92), specificity was 100% 
(95% CI: 100, 100), and area under the receiver 
operating characteristic curve was 0.94 (95% CI: 
0.85, 0.98). Figures 11 and 12 show measure-
ments of UDFF in normal and fatty livers.

Accuracy, Precision, Repeatability, and 
Reproducibility of BSC in Liver

Technical Confounders
Repeatability is “the measurement precision with 
conditions that remain unchanged between repli-
cate measurements,” whereas reproducibility is “the 
measurement precision with conditions that vary 
between replicate measurements” (74).

Variability in BSC estimates is impacted by the random na-
ture of wave interference (75) and heterogeneity of liver tissue. 
The accuracy of the reference phantom method has been vali-
dated in interlaboratory studies against rigorous experimental 
laboratory methods for measuring BSC (76,77). Cross-platform 
reproducibility (SD) of BSC has been measured at typically about  
1 dB (26%) in phantoms between 1 and 12 MHz (78,79) and 
somewhat higher in rodent fibroadenomas between 3.9 and 4.9 
MHz (80). These values are small compared with the range of 
BSC in normal and fatty livers. For example, one study reported 
a liver BSC range of 0.001–0.40 1/cm-Sr in adults with MRI 
PDFF ranging from 1.4% to 35.0% (81). This corresponds to 
10 × log10(0.40/0.001), which is equal to 26 dB.

In a study of 41 adults known to have or suspected of having 
NAFLD, the average within-participant BSC SD was 2.4 dB 
(82). The between-image repeatability was assessed under vari-
ous measurement conditions (ie, sonographer-transducer-trial 
combinations), and the intraclass correlation coefficient estimate 
was greater than 0.9 for most conditions (82).

In a study of 61 adults known to have or suspected of having 
NAFLD, log-transformed BSC was very reproducible among six 

sonographers, with an intersonographer intraclass correlation 
coefficient of 0.87 (95% CI: 0.78, 0.92) or 0.88 (95% CI: 0.80, 
0.93) for estimates obtained from one or five quantitative US 
acquisitions, respectively (83).

In a study of 64 adults known to have or suspected of 
having NAFLD, the interplatform intraclass correlation 
coefficient was 0.70 for log-transformed BSC in terms of 
absolute agreement (84). Pearson correlation coefficient of 
the log-transformed BSCs between two platforms was 0.80.

Biologic Confounders
In a study of 83 adults with results of histologic analysis, 
no confounding effect of either liver fibrosis or lobular in-
flammation was observed (73). BSC of the cirrhotic liver 
does not differ significantly from BSC of the healthy liver 
(71). In a study of 41 adults known to have or suspected 
of having NAFLD, BSC demonstrated minimal correlation 
with body mass index (82). It is unknown if the glycogen 
content of the liver is a confounder for BSC measurement, 
although glycogen may have a major time-varying effect on 
AC (85,86).

Figure 10:  Three patients with grade 1 (36-year-old woman), grade 2 (27-year-old 
man), and grade 3 (22-year-old man) steatosis as determined by histologic examination. (A) 
Conventional US (CUS) B-mode images in each patient were used by radiologists for con-
ventional scoring. (B) Quantitative US images in the same three patients. Blue outline shows 
fields of interest, as determined by one study image analyst. (C, D) Parametric color-coded 
maps for attenuation coefficient (range, 0–2 dB/cm-MHz) (C) and backscatter coefficient 
(range, 0–0.25 1/cm-Sr) (D). Red indicates higher values and blue indicates lower values. 
AC = attenuation coefficient, BSC = backscatter coefficient, ROI = region of interest. (Re-
printed, with permission, from reference 81.)
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Toward Standardization of Clinical BSC 
Measurements in Liver

Patient Preparation
The importance of fasting prior to liver backscatter measure-
ments is not known. Fasting for at least 4 hours before shear-
wave elastography measurement is recommended because in-
gestion of food stimulates more blood flow to the liver, which 
results in increased shear stiffness (87). The effect of blood 
flow–related shear stiffness changes on backscatter is not known. 
However, backscatter depends on scatterer number density, and 
shear stiffness is increased by blood flow–related prestress and 
liver expansion (which could affect scatterer number density). 
Therefore, backscatter measurements could be affected by bulk 
stiffness changes, although perhaps not as much as shear-wave 
elastography measurements.

Positioning Transducer and ROI
It is probably advisable to follow recommendations devised for 
US elastography of the liver. Measurements should be obtained 

with an intercostal approach at the location of the best acoustic 
window (88). The ultrasound beam should be as close to perpen-
dicular to the liver capsule as possible (88). Bile ducts, blood ves-
sels, portal tracts, focal lesions, rib shadows, and reverberations 
from the liver capsule should be avoided (88,89).

Data Acquisition
Performing averaging over repeated measurements is expected to 
reduce measurement variance. Ten independent measurements 
per patient are recommended for shear-wave elastography (90). 
Fewer measurements might be sufficient for BSC (83), but this 
requires further study. Separating data acquisitions by breath 
holds might improve reliability. Breath holds may be more im-
portant for shear-wave elastography however, because shear-wave 
velocity measurements are based on the subtle motion of tissue 
in response to acoustic radiation force impulse beams. Moving 
and rotating the transducer between acquisitions will likely im-
prove the statistical independence of measurements and thus the 
robustness of the average BSC value.

Compensation for Attenuation between the US Probe and 
Measurement ROI
Calculation of BSC requires compensation for the total at-
tenuation of US by all intervening tissues between the body 
surface and the deepest point in the ROI in the liver. Since 
AC depends on frequency, attenuation compensation is usually 
performed by using US spectra (ie, Fourier transforms of RF 
data). Three approaches have been reported and are detailed in 
this section.

The first approach is individual tissue compensation. This ap-
proach relies on identification and measurement of tissue layers 
(ie, skin, muscle, fat, and liver) in the propagation path to the 
ROI (70,71,91). An AC value at each BSC measurement fre-
quency is assigned to each tissue using representative values in 
the literature (92). The total attenuation is the sum of attenu-
ation contributions from all tissues. However, the operator-de-
pendent nature of abdominal wall annotation (93) and the inter-
subject variability of ACs (especially in the presence of increased 
fat content) may affect the effectiveness of this approach.

The second approach is compensation based on one AC at 
each measurement frequency. This simplified approach does not 
account for the fact that components of the abdominal wall, 
such as fat and muscle, have markedly different values (eg, 1.8 
dB/cm vs 3.6 dB/cm, respectively at 3 MHz) (92). Therefore, 
the choice of AC value could significantly influence the accuracy 
of BSC estimation. This approach has two main variations. The 
first variation uses a fixed AC at each frequency (eg, calculated 
from a linear AC versus frequency model and an AC slope of 
0.9 dB/cm/MHz, which is the average of expected values for fat 
and muscle). This would result in worst case error magnitude at 
3 MHz and a 5-cm depth of 3 MHz × (2 × 5 cm round trip) × 
0.3 dB/cm/MHz = 9 dB in the extremely unlikely event that the 
abdominal wall is entirely composed of either fat or muscle. The 
second variation uses an estimate of the liver AC to compensate 
for the total attenuation (72,73,94). This would likely bias the 
estimated BSC due to the positive correlation of liver attenua-
tion with fat content.

Figure 11:  B-mode US image of liver with a US-derived fat fraction (UDFF) of 
3% and an MRI protein density fat fraction of 3%.

Figure 12:  B-mode US image of liver with a US-derived fat fraction (UDFF) of 
25% and an MRI protein density fat fraction of 25%.
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The third approach is parametric modeling and joint esti-
mation of total attenuation and BSC. This approach relies on 
estimating both total attenuation and BSC from the measured 
frequency-dependent US spectra (95–98).

At present, all methods remain viable options. The use of an 
estimate of the liver AC to compensate for the total attenuation 
has been studied in the largest clinical trials and yields results 
that reflect the positive correlation of BSC with steatosis stage. 
When selecting a method, the primary objective is to measure an 
index that correlates as closely as possible with the fat fraction. A 
secondary objective is the ease of implementation. A third objec-
tive is to measure BSC as accurately as possible so that steatosis 
grades and cutoff values become translatable between systems. 
These objectives may not necessarily be mutually compatible.

Reporting of BSC Values
BSC results are usually calculated as inverse centimeter-steradian 
and are reported as units of × 10−4/centimeter-steradian, but the 
log-transformed BSC has recently been reported in decibels, with 
1/cm-Sr defined as the 0-dB reference (66,82). For consistency, 
the frequency at which BSC (or any parameter derived from BSC) 
is reported should be standardized, with 3 MHz being a typical 
frequency for the liver. A question also remains if this could also 
be converted into a fat fraction (using PDFF as the reference stan-
dard) to facilitate clinical interpretation. In addition to reporting 
the mean values of measurements, some measure of statistical un-
certainty (eg, SD or IQR) should be reported.

Conclusion
Quantitative US is promising in the assessment of liver steatosis 
and may be optimal in the screening of patients with or without 
symptoms because it is a safe and widely available technology for 
scanning regions of the liver that provide meaningful quantitative 
information. US is less invasive than biopsy and less expensive 
and more portable than MRI. Currently, there is more evidence 
to support attenuation than backscatter or sound speed for as-
sessment of steatosis. However, backscatter and sound speed may 
be computed from the same US data set acquired for attenua-
tion and may provide complementary diagnostic information. 
Comparisons between AC and BSC for assessment of steatosis 
are rare, but two studies suggest similar performance for the two 
parameters (73,81). Some studies suggest that log-transformed 
BSC might perform better than AC or BSC (73,81). One com-
mercial implementation uses a least-squares model (based on 
correlation analysis of AC and BSC vs MRI PDFF) that has been 
optimized for assessment of steatosis (66).

US backscatter may be quantified by HRI and BSC. Many 
clinical studies have shown that HRI and BSC can be used to 
detect steatosis and assess liver fat content in adults suspected of 
having or known to have NAFLD and, with further validation, 
these biologic markers might be applicable in various contexts of 
use for clinical care, clinical trials, and research. HRI is simple to 
measure, can be implemented with existing technology, and can 
effectively reduce variability due to attenuation of overlying tis-
sues if attenuation is similar for liver and kidney paths. However, 
HRI is negatively affected by intersystem variability, inconsis-
tency of backscatter from the reference (kidney), and ambiguity 

in cutoff values. Most data to support BSC have been acquired 
using research scanners, reference phantom measurements, and 
offline processing. However, one commercial implementation 
has shown that it is feasible to measure BSC with a clinical scan-
ner providing immediate online processing in a user-specified 
ROI, without the need for a reference phantom measurement 
(by having previously acquired phantom data already stored in 
the system) (66). Based on the QIBA effort to develop standard-
ized protocols and data analysis methods, it is anticipated that 
BSC measurement capability will be incorporated into more 
commercial clinical scanners.

Most clinical data to support effectiveness of HRI, BSC, and 
histogram parameters have been obtained using single systems. 
Unlike HRI and histogram parameters, BSC has been shown to 
exhibit minimal system dependence in extensive phantom and 
animal studies. This makes BSC suitable for QIBA standardiza-
tion efforts.

Future directions that should be investigated include (a) 
parametric models and advanced algorithms to facilitate auto-
mated online simultaneous estimation of AC and BSC; (b) non-
linearity between BSC versus MRI PDFF with saturation effects 
at MRI PDFF values greater than approximately 34% (73); (c) 
intersystem variability, measured using liver-mimicking phan-
toms (currently planned by QIBA); (d) performance of BSC in 
multicenter trials; (e) validation and FDA biologic marker quali-
fication for various contexts of use; (f ) translation to children; 
and (g) translation to handheld devices operated by nonexperts.

The American Institute of Ultrasound in Medicine and Ra-
diological Society of North America Quantitative Imaging Bio-
markers Alliance are building on existing clinical evidence to 
develop standardized US acquisition protocols and data analysis 
methods to improve the diagnostic performance of backscat-
ter coefficient (BSC) in liver fat assessment. Careful attention 
to minimization of potential confounding effects of technical 
and biologic variables is expected to improve the clinical perfor-
mance of BSC in liver fat assessment.
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