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A Short Study Report For Phantom Investigation 
Rongguang Han 

In order to make a brain phantom for ultrasound imaging, certain materials and 
construction method need to be investigated. In this report, the materials used for this 
project are broken into two parts: one for the inner part of the brain, the other for the 
skull. 
 

I. The inner part of the brain: 
 

1. Polyvinyl Alcohol Phantoms (Polyvinyl alcohol gels) 
Polyvinyl alcohol cryogel (PVA-C) is a typical tissue-mimicking material for 
ultrasound imaging.  It is formed from PVA solution undergoing some freeze-
thaw (F/T) cycles. As the optical and mechanical properties change with the 
number of F/T cycle, certain requirements, like the scattering coefficient and 
absorption coefficient, for the phantom can be achieved. This phantom can be 
used in a permanent way under humidity-controlled conditions. PVA can be 
obtained from Sigma-Aldrich (catalog number 36 314-6) [5], Acros organics 
(Geel, Belgium) [2] or Airvol Grade 165 PVA powder (Air Products and 
Chemicals, Inc; Allentown, PA) [6]. 
Detailed construction process is discussed in [2]. The brief idea is shown below: 

1) 5% or 8% by weight PVA are dissolved in distilled water. And this 
solution is heated for about 7 hours at the temperature of 93 to 95 degree 
Celsius.   

2) The PVA solution is cooled to -25 to -20 degree Celsius for about 12 
hours. Then, the solution will warm back to room temperature in a 
continuous way for another 12 hours. If needed, this F/T cycle can be 
repeated for several times. Without the addition of dimethyl sufoxide 
(DMSO), the scattering coefficient will increase with each cycle and the 
phantom will be stiffer, too. 

3) Brain Mold is prepared using Colin27 data set. 
4) Approximating the live Brain Texture. (Useful data from [2]: 6% PVA 

solution at 1 FTC is similar to palpating the surface of a live brain and 4% 
PVA at 3FTC as being similar to palpating a low-grade gliomas.) 

5) Implants for registration and image guidance are included. 
 

2. Ref. [3] provides an easily made, low-cost, tissue-like material for ultrasound 
phantom.  
The ingredients are for this material is as followed: 250mL boiling water, 20g of 
unflavored gelatin (3 packets of Know brand gelatin), and 10g of sugar-free 
psyllium hydrophilic mucilloid fiber (brand name: sugar-free Metamucil). 
The construction process is easy: poured the mixture into the container and cooled 
until firm. It takes about 1 to 2 hours to congeal in a refrigerator at 6 degree 
Celsius. “cysts” or masses can also be created in a simple way. 
The second choice can provide a fast and low cost phantom. However, the optical, 
the acoustic and the mechanical properties need to be determined. Otherwise, we 
cannot guarantee the phantom do not affect the experiment results. 
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3. To learn whether the phantom we will build is suitable, certain properties should 
be compared with the real brain. Also, the data will play as a guide for the 
phantom construction. In this report, certain properties, such as absorption 
coefficients, the scattering coefficients and the anisotropy factors, are studied and 
concluded from some previous researches. 
 
As the brain shunt surgeries are performed on children at a high percentage, the 
data from children age of 3 and age of 8 are listed here respectively from [4]. This 
measurement is done in vivo. 
 

 
 

 
 
 
In [6], the optical properties of selected native and coagulated human brain 
structures were determined in vitro. The method and the sample are not specified 
here. But the figures are pasted below. 
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White brain and grey brain properties with specific values from [6] are also listed 
here.  

 
As mentioned in this paper, optical properties determined in vitro can provide 
information adequate for in vivo use.  Thus, we can use this data as a reference to 
find whether the phantom is suitable. 
 
As I preferred to use PAV-C to build the phantom not only because it can last 
very long time which is enough for this project but also the good properties for 
US, certain properties about PAV-C are studied from [7]. This would be useful if 
we finally decide to use this method. The experiment results are listed below: 
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According to the results of figure 5 in [7], samples with four times F/T cycles 
have the closest speed of sound values with the clinical ultrasound scanners (1540 
m/s).  And from figure 6 (a) in [7], the frequency-independent attenuation 
coefficients were significantly lower than human tissue, which plays the most 
negative factor in US imaging.  However, this negative factor can be greatly 
improved by adding enamel into the PAV-C solution. 
 

II. The skull part of the brain phantom: 
 
This project is to use the external probe to do the ultrasound imaging. Its main 
significance is to use eliminate or counteract the effects from the skull. Thus, the 
skull of the brain phantom plays an important role in this project. Its properties 
must meet the real brain skull at a very high accuracy. Of course the best solution 
is to use the real brain skull. But in this stage, we cannot guarantee the 
availability. A study for the skull is made here. 
 
The question here is it’s hard to model the complex structure of the brain, and 
three-dimensional printing (3DP) provides a good solution. [8] proposed a good 
method to do this.  
 
A typical procedure to produce the model for medical application is described 
here:  

1) Use CT/MRI to get the medical image 
2) 3D model reconstruction in the medical software 
3) Computer Aided Design (CAD) 
4) STL file generation 
5) Prototyping (3DP) 
6) Post-processing: cleaning, support removal, infiltration, etc. 

 
Materials used in [8] are listed in tables below: 
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Table 1 in [8] is the standard mix for the tissue-mimicking gel, which gives an 
attenuation coefficient of 0.5 dB cm-1 approximately, which is greatly higher than 
typical value of 0.16 to 0.3 dB cm-1. And table 4 shows the properties for 
modified ingredients within the range of target values. Thus, we can use these two 
tables as the guide for the skull material.  
It should be noted that this is only for the neonatal brain. The brain material meet 
the requirements of adults should be studied later if necessary. 
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