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1. Introduction 
Ultrasonic microscope can observe biological 

matters quickly and non-destructively without 
chemical staining. In addition quantitative 
evaluation may be possible by using an elastic 
parameters image[1][2]. 

In this study, biological cells called as C2C12 
myoblast were observed. This type of cells, after 
being induced with differentiation, will fuse and 
grow into the muscle fiber that has contractibility. If 
the differentiation process is revealed from the point 
of view of acoustic characteristics, it is expected to 
be applied as a condition monitoring method of cells 
in the process of regenerative medicine as well. The 
purpose of this series of studies is to evaluate the 
transition of cells that are creating three-dimensional 
structure in differentiation process by means of 
acoustic profile. In order to perform functional 
assessment of organs in the process of differentiation, 
it is highly required to determine three-dimensional 
structure as well as distribution in acoustic properties.  

In this paper the result of acoustic observation 
will be described in terms of local characteristic 
acoustic impedance of cells, as well as of 
delamination from the culture substrate in the 
process of differentiation. 

2. Methods 

2.1 The observing system 
Cells were cultured in a culture vessel that is 

made of polystyrene films with 75 µm in thickness. 
The pulsed focus ultrasound (central frequency: 300 
MHz) was transmitted and the reflection from the 
interface between cell and film was received, and 
interpreted into characteristic acoustic impedance. 
The 2D profile of acoustic impedance was acquired 
by mechanically scanning the transducer. 

2.2 The compensation of acoustic impedance 
Fig. 1 shows a 2D acoustic impedance profile 

after differentiation. Cells are normally higher in 
acoustic impedance than culture liquid. However 
some points are displayed with significantly low 
acoustic impedance. By carefully observing the 
reflection waveform it was considered that two 
different reflections, that were making interfering. It 
was considered that at such a point the cell is not 
perfectly in touch with the film substrate. One 
component was very similar to the reflection from 
the culture liquid that was used as a reference 
waveform, and the other was considered as to be the 
reflection from the interface between the culture 
liquid and cell.  

The reflection waveform at such a point was 
subjected to wave separation, by assuming that the 
each component of the waveform can be represented 
as 

 (1) 

where P0 is the intensity, α is the attenuation constant, 
f0 is the central frequency of the pulse, β is a 
parameter to define its width, and t0 is delay time.  

3. Results and Discussion 
     C2C12 myoblasts were subjected to 
differentiation induction for 10 days. Fig. 2 shows 
the profile after compensation of the low acoustic 
impedance by using the above mentioned method. 
These acoustic impedance after successful 
compensation were 1.65 to 1.75 MNs/m3.  
     It is suggested that changing the elastic force 
works under the cultural conditions[3][4]. Fig.3 shows 
transition of the ratio of high acoustic impedance 
(>1.68 MNs/m3) area to total cellular area after 
compensation. Each point shows the area ratio and 
standard deviation of the eight samples. In this graph, 
the area ratio of cells is prone to be decreasing. In the 
process of differentiation it is supposed that actin 
fibers that composes cytoskeleton once 
depolymerize in order to make cellular fusion easy. 
The reduction of the area ratio would indicate that 

duration was focused at a 20-mm depth. A pulse 
repetition frequency of plane waves for ultrafast 
imaging was 10 kHz. The spatial compounding 
using three angles (−4°, 0°, and 4°) of the plane 
wave imaging was applied. For motion 
magnification, the quarter-octave steerable pyramid 
was used. Motion amplification factor was set to 20. 
The lower and upper passband frequencies of the 
temporal band-pass filter were 100 Hz and 1,000 
Hz, respectively. 
 
3. Results and Discussion 

The results of the SWV estimation with and 
without motion amplification are shown in Fig. 1 
and Fig. 2 for the homogeneous region of interest 
and homogeneous bachground containing a signle 
rounded stiff inclusion, respectively. Various levels 
of noise were applied prior to SWV estimation. 
Images with motion magnification (second rows in 
Fig. 1 and Fig. 2) consistently indicate that our 
approach is robust and more sensitive compared to 
conventional SWEI. Also, in Fig. 3, the SWVs 
reconstructed using motion amplification approach 

are more accurate and closely represent the nominal 
values. As STD of noise increases, the STDs of the 
SWVs also increase. However, if motion 
magnification applied, lesser increase in STDs is 
observed. 

 
4. Conclusion 

We introduced the SWEI method based on 
phase-based motion magnification. We verified our 
approach in the tissue-mimicking phantom and 
showed that motion magnification processing could 
improve the quality of SWV images. 
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Fig. 2  B-scan ultrasound image and reconstructed SWV maps of a phantom containing rounded target 
within homogeneous background. Various levels of noise were added prior to reconstruction. (b)-(g) SWV 
maps processed without motion magnification. (h)-(m) SWV maps processed with motion magnification by a 
factor of 20. 

 
Fig. 3 Mean and STDs of SWVs in the 
inclusion and the background. 
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actin molecule / fiber had decomposed or packaged 
for differentiation to muscle cell. 
     Fig. 4 shows the distribution of the gap of cells 
from the culture substrate. This gap was confirmed, 
by means of acoustic analysis, as to be kept at 
constant during the process of differentiation due to 
pseudopodium adheres to the film substrate. 

Therefore, it is assumed that the organization 
of cells is proceeding without changing component 
in the cells. 
4. Conclusion 

 Differentiation process of C2C12 cells was 
assessed by means of acoustic microscopy. The 
ultrasonic beam was transmitted across the plastic 
film substrate on which cells were cultured. 

This way of quantitative observation is 
specified as to be perfectly non-invasive to cells, as 
well as making it possible to continuously monitor 
the change in acoustic response through the 
differentiation process. 

Along with the differentiation process, change 
in section of cytoskeleton was seen, suggesting de- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

polymerization and polymerization of actin fibers. 
Waveform analysis made it possible to assess 

the delamination gap between the cell and film 
substrate that is also a factor to monitor the degree of 
differentiation. The present result suggested that the 
intracellular differentiation to muscle cell process 
can be evaluated by the transition of the acoustic 
assessment.  

Further consideration will be needed to yield 
any findings about the cultural condition of cells and 
the influence of days elapsed. 
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Fig.4 Distribution map of the 
delamination gap 

Fig.2 2D acoustic impedance profile 
after compensation Fig.1 2D acoustic impedance profile 

Fig.3 The ratio of the high acoustic impedance  
( 1.68 MNs/m3) area to total cellar area in the 2D 
profile (*p = 0.07) 


