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Abstract: This study aimed to determine the relationships between magnetic resonance elastography (MRE) imag-
ing biomarkers and the stages of liver fibrosis in a rabbit model of liver fibrosis, a longitudinal validation for clinical 
translation. Liver fibrosis was induced in 38 male New Zealand rabbits by weekly subcutaneous injections of 0.1 ml 
50% carbon tetrachloride oily solution per kilogram of body weight for 4 to 10 weeks to produced varying degrees 
of liver fibrosis. The values for the liver stiffness (LS) MRE imaging biomarkers were measured at different stages of 
liver fibrosis. Masson trichrome staining of liver tissue was used to identify collagen tissue. Among the 38 rabbits, 
the histological studies showed liver fibrosis stage 1 (F1, n = 11), liver fibrosis stage 2 (F2, n = 8), liver fibrosis stage 
3 (F3, n = 7), and liver fibrosis stage 4 (F4, liver cirrhosis, n = 12). Additional healthy rabbits served as controls 
(F0, n = 15). During liver fibrosis progression, the mean LS values increased during liver fibrosis progression. There 
were significant differences in LS values between (F0 and F1) and (F2 and F3), (F2 and F3) and (F4), and (F0 and 
F1) and (F4), which are three clinically relevant fibrosis groups. There was a high correlation between the LS values 
measured by MRE and the stages of liver fibrosis determined by histology (R2 = 0.67, P < 0.001). MRE imaging has 
the potential to serve as a noninvasive, unenhanced imaging technique for liver fibrosis diagnosis and staging.
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Introduction

Liver fibrosis is characterized by the progres-
sive deposition of excess collagen, proteogly-
cans and other macromolecules in the extracel-
lular matrix in response to repetitive liver injury 
caused by various chronic liver diseases [1-4]. 
The main causes of liver fibrosis include chron-
ic viral hepatitis type B, chronic viral hepatitis 
type C, and alcohol abuse [1, 2]. Advanced liver 
fibrosis can lead to cirrhosis, liver failure, portal 
hypertension, and liver cancer, and often re- 
quires liver transplantation as a life-saving pro-
cedure. Therefore, the accurate staging of liver 
fibrosis and the diagnosis of early cirrhosis are 
critical for determining treatment strategies, 
assessing the therapeutic response, and strati-
fying the long-term prognosis [3]. 

When liver biopsy remains the gold standard for 
the diagnosis and staging of liver fibrosis, it has 
several limitations, such as sample error, inter-/
intra-observer variability, risk, high cost, inva-
siveness, and complications [5-8]. It is neces-
sary to develop noninvasive imaging approach-
es for the diagnosis staging and the dynamic 
evaluation of the effectiveness of liver fibrosis 
therapy. 

Noninvasive imaging techniques, including 
ultrasound [9-11], computed tomography (CT) 
[11], blood oxygen level-dependent magnetic 
resonance imaging (BOLD-MRI) [12], diffusion-
weighted MRI (DW-MRI) [13], and dynamic con-
trast material-enhanced MRI (DCE-MRI) [14], 
have been proposed for the diagnosis staging 
of liver fibrosis [15-19]. However, the ability to 

http://www.ajtr.org


Magnetic resonance elastography in a rabbit model of liver fibrosis

4923 Am J Transl Res 2016;8(11):4922-4931

detect early and intermediate stages of fibrosis 
with these techniques remains is limited [20-
22]. A conventional ultrasound assessment of 
the hepatic vasculature is insufficient for de- 
tecting early and intermediate stages of fibrosis 
[9-11]. CT provides improved resolution of early 
morphological changes caused by cirrhosis but 
remains unhelpful for fibrosis detection [11]. 
Specific features of MRI, including functional 
techniques such as BOLD-MRI, DW-MRI, and 
DCE-MRI, reliably identify cirrhosis but remain 
unhelpful in detecting earlier stages of fibrosis 
[13, 14, 22]. 

Magnetic resonance elastography (MRE) is a 
very promising MR technique and has been 
considered a tool for quantifying the mechani-
cal properties of tissue fibrosis [23, 24]. MRE 
has the potential as a noninvasive, unenhanced 
method for characterizing the progression of 
liver fibrosis, including the staging of liver fibro-
sis in various chronic liver diseases [25]. How- 
ever, no studies have investigated the relation-
ship between 3-T MRE measurements and 
dynamic progression of liver fibrosis in rabbit 
animal models. Therefore, the purpose of our 
study was to evaluate the 3-T MRE measure-
ments of dynamic fibrosis progression by com-
paring to histologic studies in a rabbit model of 
liver fibrosis.

Materials and methods

All experiments in this study were approved by 
the institutional animal care committee and 
were performed in accordance with institution-
al guidelines. 

Animal model and experimental design 

Sixty New Zealand male rabbits between 3 and 
4 months of age that initially weighed 1.6 to 2.1 
kg were used for the experiments. The rabbits 
were randomly divided into two groups: a liver 
fibrosis group (n = 44) and a control group (n = 
16). 

Each rabbit in the liver fibrosis group received 
weekly subcutaneous injections in the neck 
and back comprising 50% carbon tetrachloride 
(CCl4) in oily solution (0.1 ml/kg at 1-3 weeks, 
0.2 ml/kg at 4-6 weeks, 0.3 ml/kg at 7-9 
weeks) [26, 27]. Control rabbits received sub-

cutaneous injections with the same amount of 
normal saline solution instead. 

MRI was performed on four control rabbits and 
CCl4-injected rabbits at 4, 5, 6 and 10 weeks 
and on the remaining twelve CCl4-injected rab-
bits at 10 weeks (each time point n = 8).

MRE measurements

After fasting overnight, the animals were anes-
thetized by an intramuscular injection of sierra 
oxazine hydrochloride (0.1 ml/kg), and fifteen 
minutes later, they were intravenously injected 
with 3% pentobarbital solution (0.1 ml/kg) in 
the ear margin vein. Rabbits were placed in the 
supine position and fixed with an abdominal 
elastic belt to secure the passive driver to the 
abdominal wall and restrain abdominal move-
ment. All MRI acquisitions were performed 
using a 3-T MRI Scanner (Magnetom Spectra, 
Siemens Healthcare, Erlangen, Germany) with 
an 18-channel knee-joint coil (Siemens Heal- 
thcare). 

Liver location turbo spin-echo (TSE) T1-weighted 
(T1W) and TSE T2-weighted (T2W) anatomical 
scans were performed to verify rabbit position-
ing and liver presence. The T1W scan parame-
ters were a repetition time (TR)/echo time (TE) 
of 165/2.92 ms, a flip angle (FA) of 70°, a slice 
thickness of 5 mm, an interslice gap of 1 mm, a 
field of view (FOV) of 160 mm × 140 mm, and a 
matrix size of 256 × 168. The T2W scan param-
eters were a TR/TE of 4500/82 ms, an FA of 
20°, a slice thickness of 5 mm, an interslice 
gap of 1 mm, an FOV of 160 mm × 120 mm, 
and a matrix size of 256 × 144. For liver MRE, a 
10-cm-diameter acoustic driver was placed 
against the body wall over the liver with the ani-
mal in the supine position and held in place 
with an abdominal binder. Sinusoidal acoustic 
waves (60 Hz) were applied during imaging with 
a MRE phase contrast gradient echo sequence 
(steady-state free precession gradient-recalled 
echo sequence). The frequency of motion-en- 
coding gradients was synchronized with the 
shear wave excitation. Wave data were acquired 
with four phase offsets, and a modified, direct-
inversion algorithm with multiscale capability 
was used to estimate liver stiffness. The sequ- 
ence parameters were a TR/TE of 50/22.7 ms, 
a slice thickness of 5 mm, an FOV of 160 mm × 
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130 mm, and a matrix size of 96 × 96. The spa-
tial resolution of the images was 0.5 × 0.5 × 
0.5 mm. The number of wave phases was 4. A 
spatial pre-saturation pulse was applied to 
both sides of each slice selection to reduce 
blood flow motion artifacts. Three axial slices 
were acquired for each rabbit. Slices were 
acquired one at a time, and each slice took 22 
s.

Image analysis

An inversion algorithm was applied to the wave 
phase images to generate quantitative images, 
called elastograms, which depict tissue stiff-
ness. Regions of interest (ROIs) conforming to 
the liver margins but excluding major blood ves-
sels were manually drawn on all three slices 
and averaged to produce a measure of shear 
stiffness. Five ROIs per slice were manually 
placed on the T1W image and elastogram 

simultaneously. The mean LS value for each 
rabbit was expressed in kilopascals (kPa) [28].

Histologic evaluation

After the MR examinations, each rabbit was 
immediately euthanized with in intravenous 
injection of a lethal amount (7-10 ml) of xylazine 
hydrochloride under deep anesthesia. Three 
histologic slices that were excised from the left 
lateral, right lateral, and medium lateral liver 
lobes of each rabbit were fixed in 10% buffered 
formaldehyde solution and embedded in paraf-
fin for the histologic evaluation. Masson tri-
chrome staining was used to identify collagen 
tissue. A pathologist (with > 10 years of experi-
ence) first assessed the stage of liver fibrosis 
semiquantitatively according to the Scheuer 
scoring system [29]. Stage F0 indicates no 
fibrosis, stage F1 indicates portal fibrosis with-
out septa, stage F2 indicates portal fibrosis 
with few septa, stage F3 indicates numerous 
septa without cirrhosis, and stage F4 indicates 
cirrhosis. The Masson trichrome-stained slides 
were then digitized with optical magnification (× 
100) using an imaging post-processing system 
(Image-Pro Express 5.1.1.14, Rockville, MD). 
Next, one of the authors of this study performed 
a quantitative analysis of liver fibrosis on an 
average of 30 fields per section. On the stained 
slides, collagen fibers were stained with aniline 
blue, and hepatocytes were stained red. The 
fibrotic region was identified by extracting the 
area of blue components with the use of offline 

Table 1. Liver stiffness assessment with MRE
Sample 

size
Liver stiffness (kPa)

Value range Mean ± SD
F0 15 0.75-1.36 1.06 ± 0.14
F1 11 1.09-1.73 1.30 ± 0.20
F2 8 1.12-1.66 1.40 ± 0.16
F3 7 1.46-2.26 1.85 ± 0.24
F4 12 2.13-4.36 2.86 ± 0.69
F-value (welch) 19.91
P-value 0.00

Figure 1. Masson trichrome-stained 
histologic slices excised from rabbit 
livers during the pathogenesis of CCl4-
induced liver fibrosis (original magnifi-
cation, × 100). Histologic slices show 
(A) normal liver tissue, (B) liver tissue 
with stage F1 portal and periportal 
fibrosis (arrow), (C) stage F2 fibrosis 
with few septa (arrow), (D) stage F3 
fibrosis with bridging (arrow), and (E) 
stage F4 fibrosis with overt cirrhosis 
and nodule formation (arrows).
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were performed using SPSS software (SPSS 
19.0, Chicago, IL).

Results

Of the sixty rabbits, six in the liver fibrosis group 
died during the experiment. One rabbit in the 
control group was excluded due to stubborn 
snuffles. A total of fifty-three rabbits completed 
the study, with fifteen of those at stage F0 (con-
trol group). In the liver fibrosis group, eleven 

Figure 2. Increasing LS with increasing fibrosis stage. A: Transverse tur-
bo spin-echo anatomic T2W MR images (left), corresponding MRE maps 
(middle) and wave images (right) show liver without substantial fibrosis (in 
control rabbit F0, LS = 1.06 kPa), liver with substantial (stage F2) fibro-
sis (LS = 1.85 kPa), and liver with cirrhosis (stage F4, LS = 3.11 kPa). B: 
Box plot shows mean hepatic LS values for rabbits in stage F0-F1, stage 
F2-F3, and stage F4 fibrosis groups. Bottom boundary of each box (clos-
est to zero) indicates 25th percentile, horizontal line in each box indicates 
median value, and top boundary of each box (farthest from zero) indicates 
75th percentile. Error bars indicate 10th and 90th percentiles. Outlier (*) 
is also shown.

ImageJ post-processing soft-
ware (National Institutes of 
Health, Bethesda, MD). Fibrotic 
deposition was expressed as 
the ratio of stained collagen tis-
sue area to the total area mea-
sured in the analyzed field.

Statistical analysis

LS values were compared at 
each pathological stages using 
Welch’s ANOVA. MRE LS values 
were compared between the 
three groups (rabbits without 
substantial fibrosis, stages F0 
and F1; rabbits with substantial 
fibrosis, stages F2 and F3; and 
rabbits with cirrhosis, stage F4) 
using ANOVA followed by two-by-
two comparisons performed wi- 
th independent-sample t-tests. 
The relationship between LS 
and pathological stage was as- 
sessed using Spearman corre-
lation coefficients. To evaluate 
the ability of MRE to differenti-
ate between stages, the rabbits 
were grouped into four catego-
ries based on pathological re- 
sults [12]: stages ≥F1 (including 
F1+2+3+4), stages ≥F2 (F2+3+ 
4), stages ≥F3 (F3+4), and stage 
4. A receiver operating charac-
teristic (ROC) curve was used to 
assess the performance of MRE 
over a range of sensitivity and 
specificity values. The area un- 
der the curve (AUC) was mea-
sured to obtain information for 
evaluating the ability for MRE to 
distinguish fibrotic liver stages. 
Statistical analysis results were 
considered to be significant at P 
< 0.05. All statistical analyses 

Table 2. Liver stiffness values at different 
fibrosis stages

Liver Fibrosis Group No. of 
Rabbits

Liver Stiffness 
Values (kPa)*

F0-1 26 1.19 ± 0.26†

F2-3 15 1.61 ± 0.30‡

F4 12 2.86 ± 0.69†,‡

*Data are means ± standard deviations. †P < .05 for 
comparison with rabbits in stage F2-3 group. ‡P < .05 for 
comparison with rabbits in stage F0-1 group.
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rabbits were stage F1, eight were stage F2, 
seven were stage F3, and twelve were stage F4 
(Figure 1). 

The MRE of LS values (mean ± SD) are shown in 
Table 1. The T2W, MRE and shear wave images 

The diagnostic ability of MRE for liver fibrosis 
was calculated with a ROC analysis. The AUCs 
of the ROC curve for LS values at different stag-
es of fibrosis were ≥F1, 0.96 ± 0.03; ≥F2, 0.95 
± 0.03; ≥F3, 0.992 ± 0.01; and F4, 0.99 ± 0.01 
(Figure 5). The optimal threshold value, sensi-

Figure 3. LS values in different stages. Graph shows that there are sig-
nificant differences in LS values between F0 and F2, F0 and F3, F0 and 
F4, F1 and F3, and F1 and F4 (all P < 0.05); there are no significant dif-
ferences in LS values between F0 and F1, F1 and F2, and F3 and F4 (all 
P > 0.05).

Figure 4. The relationship between the LS and liver fibrosis stages. Scat-
terplot shows that there is a significant correlation between LS values 
and liver fibrosis stages (R2 = 0.67, P < 0.001).

were obtained from stage F0, F2 
and F4 rabbits (Figure 2A). Mean 
LS values were 1.19 ± 0.26 kPa 
for the rabbits without substan-
tial fibrosis (stages F0 and F1), 
1.61 ± 0.30 kPa for the rabbits 
with substantial fibrosis (stages 
F2 and F3), and 2.86 ± 0.69 kPa 
for the rabbits with cirrhosis 
(stage F4) (Figure 2B and Table 
2). There were significant differ-
ences in the LS values between 
(F0 and F1) and (F2 and F3), (F2 
and F3) and (F4), and (F0 and F1) 
and (F4). The mean LS values 
increased during liver fibrosis 
progression, from 1.06 ± 0.14 
kPa in control rabbits (F0) to 
1.30 ± 0.20 kPa (F1), 1.40 ± 
0.16 kPa (F2), 1.85 ± 0.24 kPa 
(F3), and 2.86 ± 0.69 kPa (F4). 
There are significant differences 
in LS values between F0 and F2, 
F0 and F3, F0 and F4, F1 and F3, 
and F1 and F4 (all P < 0.05); 
there are no significant differenc-
es in LS values between F0 and 
F1, F1 and F2, and F3 and F4 (all 
P > 0.05). There are significant 
differences in the LS values 
between F0 and F2, F0 and F3, 
F0 and F4, F1 and F3, and F1 and 
F4 (all P < 0.05); there are no sig-
nificant differences in the LS val-
ues between F0 and F1, F1 and 
F2, and F3 and F4 (all P > 0.05) 
(Figure 3). There were significant 
differences in the mean LS val-
ues between animals at stages 
F0 and F1 and those at stages F2 
and F3 (P = 0.006), between ani-
mals at stages F2 and F3 and 
those at stage F4 (P = 0.001), 
and between animals at stages 
F0 and F1 and those at stage F4 
(P < 0.001). There was a signifi-
cant correlation between histo-
logical stages and LS values (R2 
= 0.67, P < 0.01) (Figure 4). 
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tivity, specificity, accuracy rating, positive pre-
dictive value, and negative predictive value of 
the LS values for different groups are shown in 
Table 3. 

tissue are in the measurable range of millime-
ters, to tens of millimeters, and they undergo 
less attenuation compared with high-frequency 
waves. The principle aim of our study was to 

Figure 5. ROC analysis of the diagnostic ability of MRE for hepatic fibrosis. 
Four ROC curves are shown to indicate the ability of this MRE protocol to 
discriminate each fibrosis stage. The green curve shows F0 vs. F1-4, and 
the AUC of the ROC curve was 0.96, with a cut-off value of 1.105 kPa. Sen-
sitivity, specificity and accuracy were 97.4%, 80.0% and 92.5%, respec-
tively. The blue curve shows F0-1 vs. F2-4, and the AUC of the ROC curve 
was 0.954, with a cut-off value of 1.365 kPa. Sensitivity, specificity and 
accuracy were 92.6%, 92.3% and 92.5%, respectively. The yellow curve 
shows F0-2 vs. F3-4, and the AUC of the ROC curve was 0.992, with a 
cut-off value of 1.69 kPa. Sensitivity, specificity and accuracy were 94.7%, 
97.1% and 96.2%, respectively. The red curve shows F0-3 vs. F4, and the 
AUC of the ROC curve was 0.99, with a cut-off value of 2.027 kPa. Sensitiv-
ity, specificity and accuracy were 100%, 97.6% and 98.1%, respectively.

Table 3. Diagnostic test characteristics of LS values from 2D-
MRE in detection of liver fibrosis staging

≥F1 ≥F2 ≥F3 F4
Cut-off (kPa) 1.11 1.37 1.69 2.03
AUC 0.96 ± 0.03 0.95 ± 0.02 0.99 ± 0.01 0.994 ± 0.01
Sensitivity (%) 97.4 92.6 94.7 100
Specificity (%) 80.0 92.3 97.1 97.6
Accuracy (%) 92.5 92.5 96.2 98.1
PPV (%) 92.5 92.6 94.7 92.3
NPV (%) 92.3 92.3 97.1 88.9
F-value 42.59 29.63 19.79 12.473
P-value < 0.0001 < 0.0001 < 0.0001 < 0.0001
LS, liver stiffness; AUC, areas under the ROC curve; PPV, Positive predictive 
value; NPV, Negative predictive value.

Discussion

Liver fibrosis and cirrhosis devel-
op gradually, and patients are 
initially asymptomatic [30]. As 
demonstrated over the past 10 
years, even advanced fibrosis 
can be reversed with proper de- 
tection and treatment [30, 31]. 
Early diagnosis is essential if 
medications that can potentially 
mitigate the progression of the 
disease are to be used. 

Laboratory tests, such as serum 
liver enzyme levels and fibrosis 
score panels, are neither accu-
rate for distinguishing intermedi-
ate stages of liver fibrosis nor 
specific for liver fibrosis [32]. By 
using noninvasive diagnosis and 
staging methods, we could avoid 
the complications and sampling 
errors that are common with 
biopsy procedures while facili-
tating close, longitudinal follow-
up of the treatment response. 
BOLD-MRI and DCE-MRI have 
been proposed for the noninva-
sive diagnosis of liver fibrosis, 
and have demonstrated reliable 
identification of cirrhosis, but 
remain unhelpful with earlier 
stages of fibrosis [13, 14, 22]. 

With MRE, propagating mechan-
ical shear waves travel faster in 
stiffer tissues and more slowly 
in softer tissues [23]. The wave-
lengths of the shear waves are 
longer in stiffer tissue and short-
er in softer tissues. The shear 
waves are captured in a wave 
image, and an inversion algo-
rithm processes the information 
to provide a measure of tissue 
stiffness [23, 33]. MRE uses 
dynamic low-frequency shear 
waves in the range of 20 to 200 
Hz because their wavelengths in 
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detect the progression of liver fibrosis. In a rab-
bit model of CCl4-induced liver fibrosis, we 
observed a significant correlation between 
MRE LS measurements and the progression of 
liver fibrosis. In addition, there was a significant 
correlation between LS and the severity of 
fibrosis.

In this study, CCl4-induced diffuse liver fibrosis 
revealed cellular alterations and histologic pat-
terns that were similar to those in human liver 
fibrosis [34]. In particular, this rabbit model 
shows the progressive stages of liver fibrosis 
from F0 to F4. However, the speed of fibrosis 
progression varies among animals. Therefore, 
a variable number of rabbits were at each stage 
of liver fibrosis in our study. Because of the rela-
tively small sample, we not only compared the 
results of the Scheuer scoring system among 
the five stages but also observed significant dif-
ferences in the LS responses among animals in 
each of the three clinically relevant fibrosis 
groups (no substantial fibrosis [stages F0 and 
F1], substantial fibrosis [stages F2 and F3], and 
cirrhosis [stage F4]) [35]. 

As liver fibrosis progressed, we observed sig-
nificant increases in MRE LS measurements, 
histologic stages, and the MRE LS response to 
disease progression. This altered response 
may result from the presence of regenerative 
nodules and the fibrous bands or septa bet- 
ween them, which can cause distortion, com-
pression, and even obliteration of the hepatic 
vasculature [36], or from the increased resis-
tance of the portal venous blood flow and the 
formation of intrahepatic portosystemic func-
tional shunts [37].

This study showed that MRE LS is an effective 
imaging biomarker for differentiating normal 
and fibrotic livers and has a very high negative 
predictive value of 92.3%. 

A linear relationship between the LS measure-
ment and the stage of hepatic fibrosis fits well 
in this animal model. The ROC analysis showed 
cut-off stiffness values of 1.105 kPa (≥F1), 
1.365 kPa (≥F2), 1.690 kPa (≥F3), and 2.027 
kPa (F4). The sensitivity and specificity of MRE 
were 90.4% and 80% in stage ≥F1, 92.6% and 
92.3% in stage ≥F2, 94.7% and 97.1% in stage 
≥F3, and 100% and 97.6% in stage F4, respec-
tively. Therefore, MRE could also be helpful for 
screening in anti-fibrotic clinical trials.

Compared with transient ultrasonic elastogra-
phy (TUE), which is a clinically standard method 
[38, 39], MRE has several advantages. The 
stiffness of the whole liver can be observed 
and evaluated, and MRE can provide three-
dimensional tissue elastic modulus values of 
ROIs, which do not need acoustic windows and 
are operator independent. TUE obtains one-
dimensional tissue elastic modulus values that 
significantly restrict its application in patients 
with ascites or those who are obese due to the 
influence of fluid interference wave propaga-
tion and the limited depth of penetration [38, 
39]. By contrast, MRE is less disturbed by fluid 
and can reach a depth of 10 cm, which is suit-
able for patients with ascites or obesity. A study 
reported that the success rate of MRE is 94%, 
which is much higher than that of TUE (84%). 
Nevertheless, MRE should be further studied, 
particularly for the early detection of hepatic 
fibrosis and the response to treatment [23, 40].

There were several limitations to the current 
study. First, the sample size was relatively 
small, although sixty rabbits were included. To 
our knowledge, this is largest rabbit sample for 
an MRE study of liver fibrosis. We measured the 
mean LS for the entire liver rather than for spe-
cific liver regions on each image section. It was 
difficult to co-register the MR images with the 
histologic specimens; however, CCl4-induced 
fibrosis progresses homogeneously [41]. Se- 
cond, we did not serially follow-up each animal 
and its fibrosis progression during the CCl4-
injection. Rather, we performed MRI in each 
animal at a single time point because of the 
logistic complexities involved in serially follow-
ing-up the animals during these processes and 
our desire for reference-standard histologic 
confirmation of the fibrosis stages, which 
required that we sacrifice each animal to har-
vest its liver. In future MRE studies, fibrosis pro-
gression could be followed in each animal. 
Finally, MRE on humans is usually performed in 
a breath-holding state, but respiratory motion 
artifacts could not be fully avoided with experi-
mental animals. 

MRE is a promising method for the noninvasive 
diagnosis and staging of liver fibrosis. In a rab-
bit model of CCl4-induced fibrosis, we observed 
a significant correlation between the LS 
response and the degree of liver fibrosis. In par-
ticular, our results show that the MRE approach 
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is feasible for longitudinal research of fibrosis 
progression from the early stages of liver fibro-
sis to liver cirrhosis, and this research can be 
translated for the dynamic evaluation of the 
effectiveness of liver fibrosis therapy.
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