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Abstract
Purpose  To investigate the performance of MR-based texture analysis (TA) for the assessment of hepatic fibrosis in patients 
with nonalcoholic fatty liver disease (NAFLD).
Methods  Fifty-four adult patients (33 females, 21 males, mean age 49.8 ± 13.5 years) with biopsy-proven NAFLD were 
enrolled and underwent MR imaging on a 1.5 T system. TA parameters were extracted on axial noncontrast 3D-GRE T1W 
images (slice thickness = 4.6 mm) using a commercially available research software (TexRAD). Receiver operating curves 
(ROC), areas under the ROC (AUROC) and 95% confidence intervals (CI) were calculated to assess the accuracy of each TA 
parameter for the diagnosis of significant (F ≥ 2) and advanced fibrosis (F ≥ 3). The correlation between TA and histopatho-
logical features of nonalcoholic steatohepatitis (NASH) was tested calculating the Spearman’s rank correlation coefficient (ρ).
Results  Thirty-seven (68%) subjects had significant fibrosis and 20 (37%) had advanced fibrosis. The TA parameters with 
the best performance were standard deviation (SD) and entropy, respectively, with AUROC 0.755 (95% CI 0.619–0.862, 
p ≤ 0.0002) and 0.769 (95% CI 0.634–0.873, p < 0.0001) for significant fibrosis and AUROC 0.746 (95% CI 0.609–0.854, 
p ≤ 0.0004) and 0.754 (95% CI 0.618–0.861, p ≤ 0.0002) for advanced fibrosis. SD and entropy demonstrated a moderate 
correlation with the degree of fibrosis (ρ = 0.457 and 0.480; p < 0.01). No significant correlation was found between TA 
parameters and other histopathological features of NASH.
Conclusions  Entropy and SD extracted on T1-weighted MR images have fair accuracy for the diagnosis of significant and 
advanced hepatic fibrosis in patients with NAFLD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the 
major causes of chronic liver disease in the Western world, 
affecting about 25% of the general population [1]. The pro-
gressive form of the disease, nonalcoholic steatohepatitis 

(NASH), can evolve to cirrhosis and lead to the development 
of hepatocellular carcinoma [2]. In this population, the risk 
of mortality is strongly associated with the grade of hepatic 
fibrosis [3–5]. Liver biopsy, the current reference standard 
for the assessment of hepatic fibrosis, is an invasive proce-
dure with known complications (e.g., bleeding and pain) 
and limitations (e.g., inter-observer variability) making it 
unsuitable as a screening test [6, 7]. Thus, there is an unmet 
need for a noninvasive and accurate test for the quantifica-
tion of hepatic fibrosis.

Texture analysis (TA) is an emerging imaging application 
that allows for quantification of the heterogeneity in an organ 
or focal lesion by analyzing the distribution and/or relation-
ship of pixel gray levels of intensity within a region of inter-
est (ROI) [8]. Although the role of TA for the evaluation of 
liver fibrosis has been previously explored on CT [9–11] and 
MR imaging [12–15], to the best of our knowledge, no study 
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has focused on the value of MR-based TA in staging hepatic 
fibrosis in a NAFLD population. We hypothesize that the 
progressive accumulation of hepatic fibrosis is associated 
with significant and quantifiable changes in the distribution 
and heterogeneity of signal intensity, and therefore of TA 
parameters, within the liver parenchyma.

The aim or our study was to explore the performance of 
MR-based TA for the diagnosis of hepatic fibrosis in patients 
with NAFLD.

Materials and methods

The institutional review board approved this HIPAA-com-
pliant study. This is a retrospective analysis of MR images 
obtained prospectively as part of a study aimed at evaluating 
the role of ultrasound- and MR-based elastography in the 
quantification of liver fibrosis in NAFLD. All subjects pro-
vided written informed consent before enrolling in the study.

Population

Between October 2015 and October 2017, 56 adult 
patients with NAFLD and no other cause of hepatic steato-
sis (i.e., history of alcohol abuse) or coexisting etiologies 
of chronic liver disease were included. Two patients were 
excluded because could not complete the MR examina-
tion for a suspected metallic foreign body (n = 1) or claus-
trophobia (n = 1). The final population consisted of 54 
subjects. There were 21 (39%) men and 33 (61%) women 
with a mean age 49.8 ± 13.5 years (range 19–69 years) 
(Table 1). All enrolled patients had previously completed 
a clinically indicated liver biopsy within 1 year of enroll-
ment that confirmed the diagnosis of NAFLD.

Table 1   Baseline characteristics 
of the study population

Continuous variables are expressed as mean and standard deviation, categorical variables are expressed as 
numbers and percentages
BMI body mass index, NAS NAFLD activity score

Overall (54 patients) Significant fibrosis (37 
patients)

Advanced 
fibrosis (20 
patients)

Gender
 Male 21 (39) 14 (38) 4 (20)
 Female 33 (61) 23 (62) 16 (80)

Age (years) 49.8 ± 13.5 52.7 ± 11.7 55.5 ± 10.2
BMI (kg/m2) 35.0 ± 7.4 35.5 ± 7.2 35.7 ± 7.1
Fibrosis score
 F0 1 (2) 0 (0) 0 (0)
 F1 16 (30) 0 (0) 0 (0)
 F2 17 (31) 17 (46) 0 (0)
 F3 12 (22) 12 (32) 12 (60)
 F4 8 (15) 8 (22) 8 (40)
 NAS 5 ± 1.2 5 ± 1.1 5 ± 1.0

Steatosis grade
 0 (< 5%) 0 (0) 0 (0) 0 (0)
 1 (5–33%) 13 (24) 5 (14) 0 (0)
 2 (> 33%–66%) 23 (43) 16 (43) 10 (50)
 3 (> 66%) 18 (33) 16 (43) 10 (50)

Inflammation
 0 (no foci) 1 (2) 0 (0) 0 (0)
 1 (< 2 foci per 200 ×) 41 (76) 27 (73) 14 (70)
 2 (2-4 foci per 200 ×) 12 (22) 10 (27) 6 (30)
 3 (< 4 foci per 200 ×) 0 0 (0) 0 (0)

Ballooning
 0 (none) 1 (2) 0 (0) 0 (0)
 1 (few balloon cells) 33 (61) 20 (54) 10 (50)
 2 (many cells) 20 (37) 17 (46) 10 (50)
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Reference standard

The histological evaluation of liver specimens obtained with 
percutaneous or intraoperative biopsy (16 or 18 G needles) 
was considered the reference standard for the study. Hepatic 
fibrosis was graded as follows: F0, absence of fibrosis; F1, 
perisinusoidal or periportal; F2, perisinusoidal and portal/
periportal; F3, septal or bridging fibrosis; and F4, cirrho-
sis. Grades F2–F4 were categorized as significant fibrosis, 
while grades F3–F4 were categorized as advanced fibrosis. 
NAFLD activity score (NAS), grade of steatosis (0–3), lob-
ular inflammation (0–3) and hepatocytes ballooning (0–2) 
[16] were also recorded from pathological reports according 
to NASH Clinical Research Network scoring system. NAS 
is the unweighted sum of the scores of steatosis, lobular 
inflammation and ballooning and ranges from 0 to 8 [16].

MR imaging technique

All patients were scanned on a 1.5 T MR (Optima MR450w 
or Signa HDxt; General Electric, Healthcare, Milwaukee, 
WI, USA) using an abbreviated imaging protocol including 
MR elastography (MR touch), coronal T2-weighted single 
shot fast spin echo (SSFSE), and axial T1-weighted three-
dimensional (3D) gradient-recalled echo (GRE) imaging 
(Liver Acquisition with Volume Acceleration, LAVA) con-
ducted without the use of IV contrast. The axial T1-weighted 
3D GRE imaging was acquired with the following param-
eters: slice thickness, 4.6 mm; TR, 6.26 ms; TE, 3.126 ms; 
FA, 12°; FOV, 360–500 mm; matrix, 288 × 192.

Texture analysis

The TA parameters were extracted from the axial 
T1-weighed 3D GRE images utilizing a commercially avail-
able research software (TexRAD version 3.9, Feedback Plc, 
Cambridge, UK). The analysis was conducted by a single 
investigator (R.C., research fellow in abdominal imaging 
with 4 years of experience in cross-sectional imaging and 
6 months of experience in TA) blinded to the clinical evalu-
ation and to the pathological grading of fibrosis. A 3 cm2 
circular ROI was placed in the anterior segment of the right 
hepatic lobe on an image obtained at the level of the porta 
hepatis avoiding hepatic vessels, fissure and artifacts. A 
similar methodology was used in prior studies investigating 
the role of TA in liver fibrosis [13, 14, 17]. Using first-order 
statistical approach, five histogram-based parameters were 
automatically extracted including: mean, standard deviation 
(SD), mean of the positive pixel (mpp), skewness, and kurto-
sis. Entropy of pixels within the ROI was also automatically 
calculated based on the formula described in the previous 
works [18]. All the TA features included in this study were 
extracted from unfiltered images. The mean represents the 

average pixel grey-level intensities; SD represents the width 
of the histogram with dispersion from the mean; the entropy 
is quantified mathematically and measures the image inho-
mogeneity and irregularity [18, 19]; mpp is defined as the 
average of the positive pixel values; skewness is an indicator 
of the asymmetry of the histogram; kurtosis represents the 
peakedness/flatness of the histogram [20, 21].

Statistical analysis

Data were summarized as frequencies and percentages 
for categorical variables and as mean, range, and standard 
deviation (SD) for continuous variables. Receiver operat-
ing characteristics (ROC) and areas under the ROC curve 
(AUROC; with 95% confidence intervals) were calculated to 
assess the diagnostic performance of each TA parameter for 
the diagnosis of significant and advanced fibrosis. Optimal 
cutoff values were also calculated along with their corre-
sponding sensitivity and specificity. The correlation between 
TA parameters, fibrosis and histopathological features of 
NASH (i.e., NAS, steatosis, inflammation and ballooning) 
was tested calculating the Spearman’s rank correlation coef-
ficient (Spearman’s ρ).

Statistical significance level was set at p < 0.05. Statistical 
analysis was conducted using SPSS software (version 18.0; 
SPSS, Chicago, Ill) and MedCalc for Windows (version 
17.1, MedCalc Software, Ostend, Belgium).

Results

The characteristics of the final population are summarized 
in Table 1. The distribution of fibrosis stage in the 54 sub-
jects was as follows: F0, n = 1 (2%); F1, n = 16 (30%); F2, 
n = 17 (31%); F3, n = 12 (22%) and F4, n = 8 (15%). Thirty-
seven (14 males and 23 females, mean age 52.7 ± 11.7 years) 
subjects had significant fibrosis, while 20 (4 males and 16 
females, mean age 55.5 ± 10.2 years) subjects had advanced 
fibrosis.

The AUROC values of each TA parameter for the diag-
nosis of significant and advanced fibrosis are reported in 
Tables 2 and 3. SD and entropy showed the best performance 
in predicting the presence of significant and advanced fibro-
sis (Figs. 1, 2). For the diagnosis of significant fibrosis, SD 
showed an AUROC of 0.755 (95% CI 0.619–0.862) while 
entropy had an AUROC of 0.769 (95% CI 0.634–0.873) 
(Fig. 3). For the diagnosis of advanced fibrosis, SD showed 
an AUROC of 0.746 (95% CI 0.609–0.854) while entropy 
had an AUROC of 0.754 (95% CI 0.618–0.861) (Fig. 4). A 
SD value > 16.3 had a sensitivity of 49% and a specificity 
of 100% for the diagnosis of significant fibrosis and a sen-
sitivity of 65% and a specificity of 85% for the diagnosis of 
advanced fibrosis. An entropy value > 4.1 had a sensitivity of 
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48% and a specificity of 100% for the diagnosis of significant 
fibrosis and a sensitivity of 65% and a specificity of 85% for 
the diagnosis of advanced fibrosis (Fig. 5).

SD and entropy demonstrated a moderate and statisti-
cally significant (p < 0.01) correlation with the degree of 
fibrosis (SD ρ = 0.457; entropy ρ = 0.480). The correlation 
between TA parameters and other histopathological features 
of NASH, including NAS, steatosis, inflammation and bal-
looning was weak or very weak and not statistically signifi-
cant (Table 4).

Discussion

In this prospectively-enrolled NAFLD population, the 
MR-based TA parameters, SD and entropy were posi-
tively correlated with the degree of liver fibrosis (p < 0.01) 
and showed fair accuracy for the diagnosis of significant 
(AUROC of 0.755 and 0.769, respectively) and advanced 
fibrosis (AUROC of 0.746 and 0.754, respectively). Higher 
SD values reflect a wider histogram of pixel intensities with 
larger dispersion of values from the mean [20]. On the other 
hand, higher entropy reflects more irregular and disorgan-
ized distribution of pixels with different intensities [18]. 
The architectural changes in the hepatic parenchyma and 
the deposition of collagen fibers that occur during fibrosis 
accumulation may explain the changes in the parenchymal 
heterogeneity.

To the best of our knowledge, ours is the first study inves-
tigating the use of TA parameters for the assessment of 
hepatic fibrosis in a well characterized NAFLD population. 

Recently, Naganawa et al. [22] using a NAFLD population 
and noncontrast CT imaging showed that mean, skewness 
and kurtosis were helpful in predicting the risk of NASH, 
defined as NAS ≥ 3. Interestingly, in our study none of the 
other histologic parameters of NASH (i.e., steatosis, inflam-
mation and ballooning) showed a significant correlation 
with TA parameters suggesting that, when evaluated on 
MRI, these factors may not represent confounders in the 
assessment of hepatic fibrosis. Other studies have explored 
MR-based TA for assessment of hepatic fibrosis in cohorts 
of subjects with different etiologies of liver disease. House 
et al. [12] reported an AUROC of 0.51–0.74 for classify-
ing advanced fibrosis using 14 Haralick TA parameters 
extracted on T2-weighted MR images. The population in 
that study consisted of 49 patients with chronic liver disease, 
of which 7 (14%) had NAFLD. Wu et al. [13] applied TA on 
T2-weighted and pre- and post-contrast T1-weighted imag-
ing (n = 279 TA parameters) in 125 patients with chronic 
hepatitis C reporting misclassification rates for fibrosis stage 
and necroinflammatory activity grade as high as 35.77% and 
34.15%, respectively. Zhang et al. [17] reported a higher per-
formance of TA parameters extracted on MR images com-
pared to those extracted on CT images for staging hepatic 
fibrosis. Among the TA parameters included in that study, 
mean and entropy were the most discriminative features 
regardless of the imaging method used.

In NAFLD, hepatic fibrosis represents an independent 
predictor of liver-related mortality [3–5, 23]. The need 
for a noninvasive alternative to liver biopsy has led to the 
extensive investigation of imaging methods for the quan-
tification of liver fibrosis, most notably ultrasound- and 

Table 2   Area under the receiver 
operating characteristic curve 
(AUROC), 95% confidence 
interval (95% CI), sensitivity 
(Se) and specificity (Sp) of the 
texture analysis parameters 
for the diagnosis of significant 
fibrosis (F2–F4)

SD standard deviation, mpp mean of the positive pixel

Texture parameter AUROC 95% CI p Cutoff Se (%) Sp (%)

Mean 0.639 0.497–0.765 0.0798 > 218.2 67 65
SD 0.755 0.619–0.862 0.0002 > 16.3 49 100
Entropy 0.769 0.634–0.873 < 0.0001 > 4.1 48 100
Mpp 0.639 0.497–0.765 0.0798 > 218.2 68 65
Skewness 0.650 0.508–0.775 0.0823 > − 0.0823 84 47
Kurtosis 0.463 0.396–0.674 0.7020 < − 0.06 81 47

Table 3   Area under the receiver 
operating characteristic curve 
(AUROC), 95% confidence 
interval (95% CI), sensitivity 
(Se) and specificity (Sp) of the 
texture analysis parameters 
for the diagnosis of advanced 
fibrosis (F3–F4)

SD standard deviation, mpp mean of the positive pixel

Texture parameter AUROC 95% CI p Cutoff Se (%) Sp (%)

Mean 0.663 0.522–0.786 0.0367 > 238.6 70 65
SD 0.746 0.609–0.854 0.0004 > 16.3 65 85
Entropy 0.754 0.618–0.861 0.0002 > 4.1 65 85
Mpp 0.663 0.522–0.786 0.0367 > 238.6 70 65
Skewness 0.563 0.421–0.698 0.4330 > 0.07 70 53
Kurtosis 0.459 0.400–0.678 0.608 < 0.19 70 47
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Fig. 1   58-year-old woman 
with biopsy-proven NAFLD. 
Texture analysis was performed 
by drawing a circular region of 
interest in the right hepatic lobe 
on axial T1-weighted image (a) 
and the corresponding unfil-
tered histogram of the texture 
parameters was extracted (b). 
Texture analysis demonstrated a 
SD of 16.9 and entropy of 4.12, 
both above the cutoff for the 
diagnosis of advanced fibrosis. 
Histopathologic analysis (H&E 
staining) of liver biopsy (c) 
showed F3 (bridging fibro-
sis), grade 3 steatosis, grade 2 
inflammation and grade 1 bal-
looning (NAS = 6)
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MR-based elastography [24] and diffusion weighted 
imaging [25]. Although the elastography techniques 
have shown good accuracy for staging hepatic fibrosis in 
patients with NAFLD [26], a prospective acquisition with 

dedicated hardware or sequences is required. Moreover, 
the use of liver stiffness measurement for the noninvasive 
assessment of fibrosis may be affected by confounders 
such as acute inflammation, biliary obstruction and hepatic 

Fig. 2   Plot box illustrating the distribution of standard deviation (SD) and entropy in patients with different degrees of fibrosis. a, b SF: signifi-
cant fibrosis (F2–F4); c, d AF: advanced fibrosis (F3–F4)

Fig. 3   Receiver operating characteristic (ROC) curve of standard 
deviation (SD) and entropy for the diagnosis of significant fibrosis 
(F2–F4)

Fig. 4   Receiver operating characteristic curve (ROC) of standard 
deviation (SD) and entropy for the diagnosis of advanced fibrosis 
(F3–F4)
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venous congestion [27]. Compared to other techniques, 
TA can be applied both prospectively and retrospectively 
on routinely acquired cross-sectional imaging without the 
need for dedicated hardware. The main current limitations 
of TA are the lack of a formally standardized methodology 
and its vulnerability to image acquisition and reconstruc-
tion parameters [28]. The availability of multiple research 
and commercial software solutions based on different anal-
ysis and statistical methods makes the comparison among 
different studies challenging and may eventually limit the 
use of TA in clinical practice [21, 24, 29, 30]. In our study, 
we applied TA on a set of images acquired prospectively 

with constant scanning parameters, thus mitigating some 
of the variability related to imaging technique [31, 32].

We recognize the following limitations of our study. 
The study population was small (n = 54) and enrolled in a 
tertiary care clinic at a single center, and our results need 
to be confirmed in larger multicenter studies. Because of 
the small number of subjects enrolled with liver fibrosis 
stage F0 (n = 1) and F4 (n = 8), an analysis of the diag-
nostic accuracy of TA parameters for detection of any 
degree of fibrosis versus no fibrosis and for the detection 
of cirrhosis was not conducted. The choice of dichoto-
mizing the population using F2 and F3 as cutoff fibro-
sis stages was based on clinical needs, since those values 
commonly dictate management in patients with NAFLD. 
The TA parameters were extracted using a single circular 
ROI with fixed surface area, following the methodology 
used on prior investigations [13, 14, 17] to guarantee a 
reproducible approach [33]. Although a three-dimensional 
or multi-slice approach may capture more tissue hetero-
geneity, this method is time-consuming, and its clinical 
advantage remains unclear [34].

In conclusion, entropy and SD extracted on T1-weighted 
MR images have fair accuracy for the diagnosis of signifi-
cant and advanced hepatic fibrosis in patients with NAFLD. 
Further research is warranted to explore TA as a diagnostic 
tool in epidemiological studies and clinical care for staging 
NAFLD-associated liver fibrosis.

Fig. 5   Comparison of histograms of pixel intensities distribution and 
TA parameters in non-advanced and advanced fibrosis. a Histogram 
of pixel intensities distribution obtained from a circular ROI placed 
on an axial T1-weighted MR image of a 57-year-old man with F1 
fibrosis. Texture analysis demonstrated a SD of 5.74 and entropy of 
3.02. b Histogram of pixel intensities distribution obtained from a cir-

cular ROI placed on an axial T1-weighted MR image of a 35-year-old 
man with F4 fibrosis. The histogram in b shows a more heterogene-
ous distribution of pixel intensities than in a resulting in a wider and 
flatter shape. Texture analysis in b demonstrated a SD of 36.9 and 
entropy of 4.75

Table 4   Correlation between texture analysis parameters, fibrosis and 
histopathological markers of non-alcoholic steatohepatitis

Numbers represent the Spearman’s rank correlation coefficient (ρ)
SD standard deviation, mpp mean of the positive pixel; NAS: NAFLD 
activity score
*Statistically significant

Texture 
parameter

Fibrosis NAS Steatosis Inflamma-
tion

Ballooning

Mean 0.255 0.130 0.036 0.262 − 0.014
SD 0.457* 0.136 0.019 0.170 0.124
Entropy 0.480* 0.140 0.029 0.180 0.118
Mpp 0.255 0.130 0.036 0.262 − 0.014
Skewness 0.135 0.046 0.048 0.078 − 0.029
Kurtosis − 0.068 0.172 0.251 − 0.225 0.209
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