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Abstract
AIM: To develop and validate a transient micro-elas-
tography device to measure liver stiffness (LS) in mice.

METHODS: A novel transient micro-elastography (TME) 
device, dedicated to LS measurements in mice with a 
range of measurement from 1-170 kPa, was developed 
using an optimized vibration frequency of 300 Hz and a 
2 mm piston. The novel probe was validated in a clas-
sical fibrosis model (CCl4) and in a transgenic murine 
model of systemic amyloidosis.

RESULTS: TME could be successfully performed in con-
trol mice below the xiphoid cartilage, with a mean LS of 4.4 
± 1.3 kPa, a mean success rate of 88%, and an excellent 
intra-observer agreement (0.98). Treatment with CCl4 
over seven weeks drastically increased LS as compared 
to controls (18.2 ± 3.7 kPa vs  3.6 ± 1.2 kPa). Moreover, 
fibrosis stage was highly correlated with LS (Spearman 
coefficient = 0.88, P < 0.01). In the amyloidosis model, 
much higher LS values were obtained, reaching maxi-
mum values of > 150 kPa. LS significantly correlated with 
the amyloidosis index (0.93, P  < 0.0001) and the plasma 
concentration of mutant hapoA-Ⅱ (0.62, P  < 0.005).

CONCLUSION: Here, we have established the first 
non-invasive approach to measure LS in mice, and 
have successfully validated it in two murine models of 
high LS.
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INTRODUCTION
Transient elastography (TE) (FibroScan®) is a novel non-
invasive bedside method to assess liver fibrosis via liver 
stiffness (LS)[1,2]. In various liver diseases, LS was shown 
to be strongly associated with the degree of  liver fibro-
sis[2-8]. In these studies, cut-off  values have been defined 
that allow the diagnosis of  advanced fibrosis (F3/4). De-
spite some variability, cut-off  values of  8.0 and 12.5 kPa 
are widely accepted to identify patients with F3 and F4 
fibrosis, respectively. Although LS closely correlates with 
fibrosis stage, it also increases in patients with mild[9,10] or 
acute hepatitis[11], cholestasis[12], and liver congestion[13], 
independently of  the degree of  fibrosis. Thus, improved 
diagnostic algorithms require the exclusion of  congestion 
and mechanic cholestasis by ultrasound and measurement 
of  liver function tests prior to LS interpretation[2]. 

Despite major efforts worldwide, the molecular mecha-
nisms of  liver fibrosis are still poorly understood[14]. The 
appreciation of  LS as physical parameter has not only im-
proved fibrosis diagnosis, but has also stimulated our under-
standing of  its pathophysiology. Thus, LS seems to directly 
affect matrix synthesis[15] and precedes fibrosis progres-
sion[16]. Two recent reports have highlighted the importance 
of  hydrostatic pressure on LS[12,13], leading to the formula-
tion of  the pressure-LS-fibrosis sequence hypothesis[2]. 
However, no non-invasive and routinely exploitable meth-
ods exist to assess LS in mice, which is the standard animal 
model for studying fibrosis[17] and antifibrotic strategies[18]. 

Elastographic techniques seem to be the most prom-
ising approach to assess tissue stiffness in vivo. Although 
magnetic resonance elastography (MRE)[19] has been 
successfully applied to quantify LS in rodents[20,21], this 
technique sometimes requires the insertion of  a needle 
to transmit a vibration to the liver[20]. In addition, MRE 
techniques remain very expensive, limiting their routine 
use in animal laboratories. Likewise, alternative techniques, 
such as ultrasonic static elastography[22], are restricted to in 
vitro or in situ studies in mice[23], and they are not quantita-
tive[24]. Recently, acoustic radiation force impulse (ARFI) 
imaging[25] has been successfully applied to quantify LS 
in a rat model of  toxic liver fibrosis induced by carbon 
tetrachloride (CCl4) injections[26]. However, the probe had 
to be coupled to the rat’s abdomen through a water-path 
and a layer of  saran wrap. Alternative approaches, such as 
elasticity and atomic force microscopy[15,27,28], yield stiff-
ness values at the cellular level; however, how subcellular 

stiffness parameters translate into overall organ stiffness 
and fibrogenesis remains under discussion. Finally, a direct 
rheological technique only allows the measurement of  LS 
on the explanted organ ex vivo[16].

Here, we introduce a novel miniaturized probe, based 
on the principle of  vibration-controlled transient elas-
tography. Significant changes in the physical parameters, 
such as vibration frequency, are required because of  the 
small size of  the murine liver. We demonstrate that the 
novel transient micro-elastography (TME) device repro-
ducibly allows the measurement of  LS in mice. We suc-
cessfully validated the technique in two murine models 
of  increased LS: the conventional CCl4-induced fibrosis 
model and a transgenic model of  systemic amyloidosis.

MATERIALS AND METHODS
Phantoms for stiffness measurements
A homogeneous copolymer-in-oil phantom, comprising 
Styrene-Ethylene-Butylene-Styrene (4%) and mineral oil, 
was used to compare the results obtained using TE and 
TME, as described recently[29]. 

Animal models
Carbon tetrachloride fibrosis model: Toxic liver fibro-
sis was induced by carbon tetrachloride (CCl4) injections 
over seven weeks, according to standard protocols (Sigma 
Aldrich, St. Louis, MO, USA)[30]. Nine female CD1 mice 
were divided into three groups (Table 1): the first group (n 
= 3, aged 6 mo) received toxic injections (CCl4, 5 mL/kg 
dissolved in paraffin oil, ratio 1:10), the second group (n = 
3, aged 16 mo) received paraffin oil, and the third group (n 
= 3, aged 4 mo) was not treated. Intraperitoneal injections 
of  CCl4 or paraffin oil were performed twice a week over 
seven weeks. For LS measurements, mice were first anaes-
thetized with isoflurane (0.75%-1% in oxygen).

Mouse model of  systemic amyloidosis: Transgenic mice 
with systemic amyloidosis were generated at the Cordeliers 
Research Center (UMRS 872, Paris, France) by microin-
jection of  the 3-kilobase genomic clone of  the human 
apolipoprotein A-Ⅱ (hapoA-Ⅱ) gene, bearing a stop co-
don serine mutation. In humans, this mutation results in a 
longer amyloidogenic protein[31]. Normal apolipoprotein 
A-Ⅱ (apoA-Ⅱ) is a major protein of  high-density lipopro-
teins, and its plasma concentration is measured by immu-
nonephelometry using a commercial kit (DiaSys, Holzheim, 
Germany). Three transgenic lines (Y, K and F) with very 
low, moderate, and high expression levels, respectively, of  
mutant hapoA-Ⅱ were obtained (X. Rousset, M. Lacasa, 
A.D. Kalopissis and M. Chabert, manuscript in prepara-
tion). Twenty-seven transgenic mice (9 Y, 8 K, and 10 F), 
aged between 4 and 12 mo, were included in the study (Table 
2). This group comprised 13 males and 14 females (Table 
2). Furthermore, four male C57BL/6 mice aged 4 mo were 
kept as controls (Table 1). The animals were anesthetized 
by intraperitoneal injection of  avertin (tribromoethanol, 
2% solution), and LS measurements were performed. Mice 
were then sacrificed to evaluate the stage of  amyloidosis. 
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The livers of  19 mice were removed and weighed. Animal 
use procedures were in accordance with the recommenda-
tions of  the European Economic Community (86/609/
CEE) and the French National Committee (decree 87/848) 
for the care and use of  laboratory animals.

Amyloidosis staging
To determine the stage of  amyloidosis, mice were sacri-
ficed and their livers were subjected to macroscopic exam-
ination. Several parameters were considered, including the 
size of  the liver, its apparent rigidity, and modifications of  
the lobes, such as hypertrophy, and included in an empiri-
cally established score from 0 to 4 (Table 3). Representa-
tive livers of  a normal mouse and an amyloidosis mouse 
stage 3 are shown in Figure 1. All examinations were per-
formed by M.C. in a blinded fashion, without knowledge 
of  the TME data.

Histological analysis
Immediately after stiffness measurements, transgenic mice 
with amyloidosis were sacrificed for histological analysis. 
Their livers were quickly removed after intra-cardiac vas-
cular washing with 0.1 mol/L phosphate buffer and then 
with 4% paraformaldehyde (PFA). The livers were then 
cut and immersion-fixed, successively, in 4% PFA and 
then in sucrose overnight. Small livers pieces were embed-
ded in Tissue-Tek O.C.T. compound 4583 (Sakura Fine-
tek, Torrance, CA, USA), frozen and stored at -80℃ until 
analysis. Tissue sections of  20 μm were specifically stained 
for amyloidosis with Congo red. Amyloid fibrils consisted 
solely of  hapoA-Ⅱ; therefore, 5 μm thick liver sections 
were immunostained with a hapoA-Ⅱ specific antibody 
and examined with an LSM-710 laser scanning confocal 
microscope (Carl Zeiss, Inc., Thornwood, NY, USA).

Livers of  mice with toxic liver fibrosis were harvested, 
fixed in 4% neutral-buffered formalin, and embedded in 
paraffin. 5 μm thick sections were stained with hematoxylin 
and eosin (HE) or with picrosirius red (Sigma Aldrich, St. 
Louis, MO, USA), as previously described[32]. For morpho-

metric analysis, 15 images per animal from at least two dif-
ferent lobes were taken at × 100 magnification. The areas 
of  staining were quantitated using the software Image J 1.37v 
(National Institutes of  Health, Bethesda, MD, USA). The 
histological results provided by the analysis of  these 15 im-
ages are more reliable and representative than a mere biopsy.

Transient micro-elastography
TE measures shear wave velocity, and thus determines tis-
sue stiffness using ultrasound to follow the propagation 
of  a low frequency shear wave generated in a tissue by an 
external vibrator[33,34]. In humans, TE uses a low frequency 
vibration of  50 Hz generated by an ultrasonic transducer 
9 mm in diameter used as a piston. However, shear stiff-
ness can be overestimated in the near field zone (i.e. under 
25 mm for a 50 Hz excitation) because of  diffraction ef-
fects[35]. Due to the morphology of  mice, measurements 
have to be performed very close to the vibration source, 
where diffraction effects are likely to occur. Our modified 
TME device allows the measurement of  elasticity near 
the probe and is suitable for contact measurements of  
stiffness at the organ surface. TME comprises a micro-
probe, a high frequency electronic system (Echosens, Paris, 
France), and a laptop computer to control the ultrasound 
system and analyze the data. The microprobe contains an 
ultrasonic transducer (Imasonic, Besançon, France), used 
as both the receiver and emitter, which is mounted on 
a mechanical vibrator to generate a low frequency shear 
wave. The electronic system is fully programmable, and 
enables sampling of  the radiofrequency data at a frequen-
cy up to 200 MHz with a 12-bit precision. Diffraction 
effects were reduced by increasing the frequency of  vibra-
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Table 1  Characteristics of control mice and CCl4-induced fi-
brotic mice

Mouse Strain Type Sex Liver 
stiffness 
(kPa)

Success 
rate for 

LSM (%)

% 
sirius 
red

1 C57BL/6 Control M   4.7   75 ND
2 C57BL/6 Control M   4.0 100 ND
3 C57BL/6 Control M   4.7   67 ND
4 C57BL/6 Control M   6.8   86 ND
5 CD1 Control F   5.0 100 < 0.3
6 CD1 Control F   3.3   92      0.05
7 CD1 Control F   2.6   94      0.10
8 CD1 Oil injected F   5.3 100      0.42
9 CD1 Oil injected F   9.3   84      0.72
10 CD1 Oil injected F   5.8   91      0.32
11 CD1 CCl4 injected F 18.8 100      1.84
12 CD1 CCl4 injected F 21.6 100      2.36
14 CD1 CCl4 injected F 14.2 100      2.38

LSM: Liver stiffness measurement ; ND: Not determined.

1 cm

1 cm

A

Figure 1  Representative livers from normal control mice (A), and mice with 
stage 3 amyloidosis (B).

B
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tion to 300 Hz and reducing the diameter of  the piston  
(2 mm). To improve the performance of  TME in mice, we 
also increased the ultrasound frequency (up to 12 MHz).  
These parameters allowed the calculation of  displace-
ments with better resolution. During the propagation of  
the low frequency shear wave, the radiofrequency (RF) 
data were acquired at a repetition frequency of  15000 Hz. 
The displacements induced in the medium were com-
puted from the RF data using an autocorrelation method 
and derived vs depth to provide a strain image (Figure 2). 
Analysis of  the strain image yields the shear wave velocity 
and thus elasticity, according to the formula E = 3ρVs²  
where E, ρ (1 kg/dm3), and Vs are the Young’s modulus, 
the mass density, and the shear wave velocity, respectively. 
To compute the shear wave velocity, we used a time-of-
flight algorithm, as previously described by Sandrin et al[1]. 
The system enables the measurement of  stiffness values 
(Young’s modulus) between 0.5 kPa and 170 kPa. How-

ever, for high stiffness values (> 100 kPa), the computa-
tional step is larger and the measurement less accurate. 

Liver stiffness measurement using TME
Anesthetized mice were placed in the spinal position. Ab-
dominal hair was removed and gel was used to ensure the 
coupling. The best location for LS measurement was below 
the level of  the xiphoid cartilage (Figure 3). We identified 
some conditions that could limit successful TME measure-
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Table 2  Characteristics of the amyloidosis group mice

Mouse Strain Sex Liver weight to body weight ratio (%) hapoA-II (g/L) Amyloidosis index LS (kPa) Success rate for LSM (%)

1 Y F   5.1 0.19 0 3.9 90
2 Y M ND ND 0 9.3 83
3 Y F ND ND 0 5.9 100
4 Y F   4.4 0.22 0 4.1 100
5 Y F   4.5 0.22 0 4.1 100
6 Y F   4.6 ND 0 4.7 86
7 Y F ND ND 1 12.6 100
8 Y M   5.2 0.23 0 3.9 100
9 Y F ND ND 0 11.2 92
10 K M ND 0.15 1 23.7 100
11 K M 16.0 0.55 4 124.0 74
12 K M 13.8 0.57 2 124.0 57
13 K F 15.8 0.54 4 168.8 100
14 K F 22.8 0.80 3 168.8 82
15 K F 18.2 0.44 3 168.8 100
16 K F 12.1 0.42 2 94.9 100
17 K F   5.0 0.28 0 4.4 96
18 F M   7.6 0.66 1 50.2 100
19 F M ND 0.76 1 73.0 100
20 F M ND 0.44 1 13.5 92
21 F F 12.9 ND 2 124.0 95
22 F M ND 0.35 2 155.5 100
23 F F 16.3 0.58 3 168.8 95
24 F M 15.7 0.53 3 168.8 69
25 F M 14.9 0.59 3 168.8 100
26 F M 13.7 0.64 3 124.0 89
27 F M 10.8 0.59 3 168.8 100

LSM: Liver stiffness measurement; ND: Not determined.

Table 3  Macroscopic liver amyloidosis index obtained by vi-
sual assessment and manual palpation

Index Liver appearance

0 Normal
1 Slightly bigger and/or stiffer
2 Big and stiff (± whitish zones)
3 Very big and stiff, changes in the right lobe (± whitish zones)
4 Very big and stiff, right lobe transformed and very big (± 

whitish zones)

1

2

3

4

5

6

D
ep

th
 (

m
m

)

  0    2      4        6  dB

          t /ms

50

0

-50

Figure 2  Amplitude of the strains induced in the liver of a mouse with 
systemic amyloidosis (stage 1), as a function of depth and time. The shear 
wave velocity (VS) is the slope of the wave pattern. The steeper the slope, the 
higher the velocity of the shear wave and the higher the Young’s modulus (here 
E = 79.3 kPa).
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ments (very small mice, or mice with highly hypertrophic 
and misshapen livers, as in advanced amyloidosis). Mea-
surements were routinely performed in the median liver 
lobe, between 2 mm and 5-6 mm below the skin surface, 
depending on the size of  the animal. For each LS value, we 
performed at least 10 validated measurements, and used the 
median of  the values recorded. The approximate duration 
of  the examination was generally five minutes.

Statistical analysis
The relationship between LS and histology was investigat-
ed by computing p-values for the Spearman coefficient, 
and using Kruskal-Wallis nonparametric one-way analysis 
of  variance (ANOVA) and one-sided Mann-Whitney tests. 
These nonparametric tests are particularly well suited to 
analyze data from small samples. Correlations with p-val-
ues less than 0.05 were considered significant. Bar plots 
were also used to estimate the stiffness distribution as a 
function of  amyloidosis index. Intra-observer agreement 
was analyzed using the intraclass correlation coefficient 
(ICC). All statistical analyses were carried out using Mat-
lab (The MathWorks, Natick, MA, USA).

RESULTS
TME studies on intra-observer agreement and 
reproducibility
A homogenous copolymer-in-oil phantom with a defined 

stiffness was used to establish and compare TME with TE. 
In TE, the Young’s modulus was measured in a region of  
interest (ROI) located between 25 and 65 mm from the 
source, whereas with TME, the ROI was located between 2 
and 6 mm. TME yielded a slightly higher, but comparable, 
Young’s modulus of  9.9 ± 0.3 kPa as compared to TE (8.2 
± 0.0 kPa). To evaluate the intra-observer agreement, we 
performed two consecutive series of  10 valid measurements 
in seven control mice (Table 1) and twelve transgenic mice 
exhibiting different amyloidosis stages (Table 2). Then, we 
computed the ICC, which was 0.98. In healthy control mice 
(n = 7), mean LS was comparable to human LS, at 4.4 ± 1.3 
kPa. The mean success rate was 88%. Thus, we concluded 
that, using a vibration frequency of  300 Hz, TME allows 
for non-invasive and reproducible measurements of  LS in 
mice over a wider stiffness range. 

TME in a conventional fibrosis model
We next studied LS in a conventional fibrosis model using 
CCl4 injections over seven weeks. Two controls were used 
(paraffin oil without CCl4 and untreated controls). Fibrosis 
was assessed by picrosirius red staining, and stained areas 
were quantified (Table 1). As expected, fibrotic scars were 
only detected within the parenchyma of  the CCl4-treated 
mice, forming bridges between vessels with a very faint 
inflammatory reaction (not shown). TME showed a sig-
nificantly higher LS (P-value ≤ 0.05) in the experimental 
CCl4-treated group (E = 18.2 ± 3.7 kPa) compared to oil-
injected mice (E = 6.8 ± 2.2 kPa) or control mice (E = 3.6 
± 1.2 kPa) (Figure 4). A high correlation was also obtained 
between LS and CCl4-induced liver fibrosis, as assessed by 
picrosirius red staining (Spearman coefficient = 0.88, P < 
0.01).

TME in a systemic amyloidosis model
Hepatic amyloidosis is known to cause increased LS in 
humans[36,37]. We therefore studied LS in a recently estab-
lished murine amyloidosis model using TME. Amyloid 
deposits were detected in the livers of  6-mo-old trans-
genic mice by green birefringence in Congo red stained 
sections under a polarized microscope (Figure 5A and B). 
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Figure 3  Transducer (A) and experimental setup (B) used in transient 
micro-elastography. 
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oil-treated) and CCl4-induced fibrosis. Liver stiffness is expressed in kPa. 
Whiskers indicate the extent of the data. The difference between the groups is 
significant (aP ≤ 0.05, Mann-Whitney).
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Figures 5C-F display liver sections immunostained with 
a specific anti-hapoA-Ⅱ antibody (green fluorescence in 
confocal microscopy) detecting mutant hapoA-Ⅱ form-
ing amyloid fibrils. Amyloidosis was absent in a control 
C57BL/6 mouse (Figure 5C), and drastically increased in 
transgenic mice as a function of  age (Figure 5D-F). Fig-
ure 6 shows bar plots of  LS as a function of  amyloidosis 
index. LS significantly correlated with the amyloidosis 
index established by macroscopic examination (Spearman 
coefficient = 0.93, P-value < 0.0001). Interestingly, sig-
nificant differences in LS were observed between degrees 
of  amyloidosis, and TME was able to clearly discriminate 
between amyloidosis indexes 0 and 1 (P-value < 0.005). 
Mice with amyloidosis indexes 3 and 4 exhibited very high 
stiffness values, very close to the upper detection limit of  
170 kPa (Table 2); thus explaining the lack of  discrimina-
tion between these two indexes by LS measurements. We 
also found a significant correlation between LS and the 
ratio of  liver weight to body weight (Spearman coefficient 
= 0.84, P-value < 0.0001), which increases with the pro-
gression of  the disease because of  the progressive deposi-
tion of  amyloid fibrils in the liver. In addition, the plasma 
concentration of  mutant hapoA-Ⅱ partly accounts for LS 
values (Spearman coefficient = 0.62, P-value < 0.005). 

DISCUSSION
We here introduce TME for the assessment of  LS in 
mice in a rapid and non-invasive manner. In addition, we 
successfully studied LS and validated TME in two mouse 

models with increased LS. With a success rate of  88% 
and an intra-observer variability of  0.98, TME offers 
the first approach to study LS in small animal models, a 
prerequisite condition for determining the role of  LS in 
murine fibrosis models. 

Interestingly, LS values of  control mice (4.4 ± 1.3 kPa)  
were comparable to those of  healthy humans, which 
should be below 6 kPa[2]. These LS values are also consist-
ent with those found in rodents using other techniques 
such as MRE or ARFI[20,21,26]. These findings emphasize 
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Figure 5  Histological characterization of amyloidosis mice. Light microscopy of a liver section from a 6-mo-old K mouse stained with Congo red (A) and the same 
section under polarized light showing green birefringence (B); Confocal microscopy of liver sections with immunolocalization of mutant hapoA-II using an anti hapoA-II anti-
body and CY2 as the secondary antibody (green fluorescence): Control mouse, 8 mo old (C); K mouse, 2 mo old (D); K mouse, 6 mo old (E); F mouse, 8 mo old (F).
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Figure 6  Bar plot showing median liver stiffness as a function of amyloi-
dosis severity. Liver stiffness is expressed in kPa, and amyloidosis severity 
is given according to the scoring system described in Materials and Methods. 
Whiskers indicate the extent of the data. The difference between index 0, 1, 2, 
and 3 is significant (aP < 0.005 and bP < 0.01; Mann-Whitney).
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that normal LS seems to be below 6 kPa, which is inde-
pendent of  liver size.

The investigation performed on mice with CCl4-in-
duced fibrosis showed the potential of  TME for fibrosis 
quantification in mice. After seven weeks of  fibrosis induc-
tion, LS had increased to 18.2 ± 3.7 kPa in all livers with a 
proven cirrhosis stage. Thus, murine LS had clearly passed 
typical cut-off  values for F4 cirrhosis (12.5 kPa). The in-
crease of  LS in the CCl4 model was also in good agreement 
with the recently reported storage shear modulus deter-
mined on explanted non-perfused livers[16]. Previous MRE 
and ARFI studies reported much smaller LS values for 
fibrotic livers, using either CCl4-induced fibrosis or knock-
out models[20,21,26]. However, the degree of  fibrosis is known 
to vary considerably in the CCl4 fibrosis model and signifi-
cantly depends on the species used. Thus, LS of  5.4 and 
6.9 kPa have been reported recently in CCl4 rat models[21,26], 
with a very small difference between control and treatment 
groups of  less than 1.5 kPa. We observed a slightly higher 
LS in the control mice treated with the CCl4 carrier solvent 
paraffin oil (6.8 ± 2.2 kPa), as compared to untreated mice 
(3.6 ± 1.2 kPa). This was most likely due to the older age (12 
mo) of  the oil-injected group: age has been recognized as 
factor that independently increases LS in humans[38,39]. 

It has been recently demonstrated in humans that 
hepatic amyloidosis can drastically increase LS up to the 
detection limit of  TE[36,37]. Here, we reproduced these data 
in a transgenic murine model of  amyloidosis using TME 
and showed significant correlation between histological 
and serum markers of  amyloidosis. Thus, in contrast to 
visual assessment and manual palpation, TME allowed 
the detection of  the early stage 1 of  the disease. LS also 
significantly correlated with the amyloidosis index and 
plasma concentrations of  mutant hapoA-Ⅱ. Comparable 
to humans, amyloidosis showed the highest LS values re-
ported so far in rodents, significantly exceeding 75 kPa.

In conclusion, TME allows the measurement of  LS 
in mice in a fast, reproducible, and non-invasive manner. 
TME will be a powerful tool for studying fibrosis in mu-
rine models, and in transgenic and knock out mice in lon-
gitudinal studies. It will help in the better understanding 
of  the determinants of  LS, such as venous pressure[13] or 
extrahepatic cholestasis[12]. Finally, TME will also permit 
the exploration of  anti-fibrotic strategies.

COMMENTS
Background
Transient elastography is a quantitative ultrasound elastography technique, 
which consists of following with ultrasound the propagation of a low frequency 
shear wave generated in a tissue by an external vibrator. Based on transient 
elastography, Fibroscan® (Echosens, Paris, France) is a novel non-invasive 
bedside method to assess liver fibrosis by measuring liver stiffness. This tech-
nique provides an average value of the Young’s modulus in a region of interest, 
comprising an area between 25 and 65 mm below the skin. This device is non-
invasive, fully automatic, and generates a result within a few minutes. Its main 
advantages are its ease of use, good reproducibility, and very good acceptance 
by patients. Clinical interest in liver stiffness measurement using Fibroscan® 
has been largely validated for adult patients with chronic liver diseases.
Research frontiers
Over the past decades, the mouse has emerged as one of the best model 

organisms for experimental studies of human diseases and drug testing. For 
example, in liver pathologies, mice have been used in numerous investigations 
involving antifibrogenic substances. However, no non-invasive and routinely 
exploitable methods exist to assess liver stiffness in mice.
Innovations and breakthroughs
In the area of small animal experimentation, the use of elastographic techniques 
has been reported by several groups with magnetic resonance elastography 
(MRE) and static ultrasound elastography. However, the techniques proposed 
remain expensive (MRE) and are sometimes invasive and unsuitable for in vivo 
applications. The use of elastographic techniques on small animals is therefore 
a challenging area of investigation.
Applications 
In this study, a novel transient micro-elastography (TME) device dedicated to liver 
stiffness (LS) measurements in mice was developed. The novel system was vali-
dated in both a classical fibrosis model (CCl4) and a transgenic murine model of 
systemic amyloidosis. TME could be successfully performed in control mice below 
the xiphoid cartilage, with a mean LS of 4.4 ± 1.3 kPa, a mean success rate of 
88%, and an excellent intra-observer agreement (0.98). Treatment with CCl4 over 
seven weeks drastically increased LS as compared to controls (18.2 ± 3.7 kPa vs 
3.6 ± 1.2 kPa). Moreover, fibrosis stage highly correlated with LS (Spearman co-
efficient = 0.88, P < 0.01). In the amyloidosis model, much higher LS values were 
obtained, reaching maximum values of > 150 kPa. LS significantly correlated with 
the amyloidosis index (0.93, P < 0.0001) and the plasma concentration of mutant 
hapoA-Ⅱ (0.62, P < 0.005). Transient micro-elastography should make it possible 
to measure the evolution of pathologies such as fibrosis, in the same animal dur-
ing longitudinal studies. Thus, TME could be a valuable non-invasive tool to as-
sess the evolution of disease as a function of time and the response to treatment 
of fibrosis in in vivo murine models without proceeding to euthanasia.
Terminology
Elastography is a technique used to measure the elasticity of biological tissues. 
It has been introduced as a novel diagnostic tool in oncology and hepatology. 
Amyloidoses are a group of β-structure protein deposition diseases. Liver, 
kidney, spleen, heart, joints, muscles, and gastrointestinal tract are usually in-
volved in the systemic forms of amyloidosis.
Peer review
This study is of interest because it introduces a method for successfully mea-
suring liver stiffness in mice. Unlike previous methods, this method is noninva-
sive and quantitative. The method is illustrated in a model of CCl4 induced liver 
fibrosis and also in an amyloidosis model.
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