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Ultrasound Phantoms to Protect Patients from Novices
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With the growing use of ultrasound for pain management, we are interested in how to teach and practice 
ultrasound-guided procedures. Ethically, we should not insert a needle in a patient until after much practice 
on a phantom. Several types of phantoms have been introduced for ultrasound training, including water, 
agar/gelatin, elastomeric rubber, and meat phantoms and cadavers. The ideal phantom is similar to human 
tissue, is readily available and inexpensive, can be used repeatedly, provides tactile feedback, will hold a needle 
in place, does not generate needle tracks, and is not a health hazard. Several studies have shown the 
effectiveness of phantoms for improving the proficiency of novices. We hope that the application of phantoms 
in education leads to improved proficiency and increased patient safety. (Korean J Pain 2016; 29: 73-7)
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INTRODUCTION

The rapid growth of the use of ultrasound in pain man-

agement has raised concern about how to teach and prac-

tice ultrasound-guided procedures. Novices usually train for 

ultrasound-guided procedures in cadaver workshops or by 

performing the procedures on patients. However, cadavers 

are not readily available [1], and it is not advisable to prac-

tice first-time needle placement on a patient. Therefore, 

we need to use ultrasound phantoms. Numerous phantoms 

have been introduced for ultrasound training, including wa-

ter, agar/gelatin, Blue, and meat phantoms and cadavers. 

This article gives an overview of phantoms for ultrasound 

guidance and their application in education.

CHARACTERISTICS OF 
A GOOD PHANTOM

The more of the following characteristics that an ul-

trasound phantom has, the more ideal it is [2]. A good 

phantom (a) has the echogenicity of human tissues, (b) is 

readily available and (c) inexpensive, (d) can be used re-

peatedly, (e) provides tactile feedback, (f) will hold a needle 

in place, (g) does not generate needle tracks, and (h) does 

not cause exposure to potential health hazards. To my 

knowledge, there has been no study that demonstrated the 

comparisons of characteristics between different models. 

Table 1 shows the grading of these attributes of ultrasound 

phantoms.
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Fig. 1. Water phantom. (A) A lumbosacral spine model submerged in water and covered with a mesh to simulate human 
skin. (B) An ultrasound image of lumbosacral spine model submerged in water. The background echogenicity is close to 
zero.

Table 1. Grading of Attributes in Various Ultrasound Phantoms

Type
Echogenicity of 

background
Echogenicity of 

target model
Availability Cost

Repetitive 
usage

Tactile 
feedback

Holding of 
needle

Needle 
track

Water ↓↓↓ ↑↑↑ +++ + +++ NA NA NA
Agar/Gelatin/Guar 
 Gum-based phantom

↓↓ (or ↑↑, 
with psyllium)

↑↑ ++ + ++ ++ ++ +++

Blue phantom ↓↓ ↑↑ ++ +++ +++ ++ ++ ++
Meat phantom ↑↑ ↑↑ + ++ + +++ +++ +
Cadaver ↑↑ ↑↑ + +++ + +++ +++ +

↑: hyperechogenic, ↓: hypoechogenic, +: lowest grade, +++: highest grade, NA: not applicable.

1. Water

A water phantom is a watertight container with a sub-

merged target model. Water makes the background hypo-

echoic, allowing easy visualization of the target and 

needle. Water phantoms are readily available, inexpensive, 

and reusable. However, they provide no tactile feedback, 

since water cannot hold the needle in place. Therefore, 

water phantoms are useless for teaching and practicing 

ultrasound-guided needle performance, except for the 

identification of sonoanatomy and the development of new 

needle techniques (Fig. 1) [3-5].

2. Agar/Gelatin/Guar Gum-based phantom

A gelatin-based phantom is produced by placing the 

target model in a gelatin solution. These designs have been 

used for ultrasound biopsy and ultrasound-guided vascular 

access training phantoms [6,7]. Gelatin-based and gela-

tin/agar-based phantoms of the lumbosacral spine were 

introduced recently [1,8]. Brascher et al. [9] used a phan-

tom made of guar gum for training in ultrasound-guided 

intercostal nerve and stellate ganglion blocks. Materials 

such as flour, cellulose powder, or psyllium husk can be 

added to the gelatin solution to simulate the appearance 

of soft tissue in the phantom [3,6,10]. Psyllium husk is a 

dietary fiber supplement that we usually add to the gelatin 

solution for spine phantoms to create an opaque, echo-

genic background. Increasing the psyllium husk content 

increases the firmness of the phantom and the level of dif-

ficulty for novices. Such phantoms are relatively inex-

pensive and simple to produce. Gelatin phantoms produce 

sufficient tactile feedback for practicing needle handling 

(Fig. 2). These phantoms can be stored in a refrigerator 

for weeks. However, needle-track marks are left in the 

phantom after practicing injections. The parenchyma of 
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Fig. 2. A gelatin/psyllium spine phantom. (A) A resident practicing needle handling using a gelatin/psyllium spine phantom.
Psyllium husk was added to the gelatin solution to make it opaque. (B) An ultrasound image shows ultrasound-guided medial
branch block on gelatin-psyllium lumbosacral spine phantom. Arrowheads indicate needle.

Fig. 3. A pig carcass used in an ultrasound workshop.

the material can be broken when using a bent or blunt 

needle. A hyperechogenic needle cannot be used in this 

phantom, because air pockets instead of fluid remain be-

tween the phantom tissue and needle. The gelatin back-

ground will deteriorate and decompose over time. A hydro-

colloid skin dressing can be used to cover the surface of 

the phantom to minimize biological breakdown [11] but this 

can decrease the image resolution.

3. Blue phantom

The commercial Blue Phantom (CAE Health Care, 

Seattle, WA) is made from an elastomeric rubber. Its firm 

texture gives more tactile feedback than does an agar/gel-

atin/guar gum model. When a needle is inserted into the 

elastomeric material, it pushes the material aside and then 

rebounds to its original location after the needle is with-

drawn [3]. Consequently, this phantom has less chance of 

generating needle-track artifacts. As in a gelatin model, 

a bent, blunt, or hyperechogenic needle is not used. 

Although many centers use this phantom, it is expensive 

compared with homemade phantoms. And its low back-

ground echogenicity can lead to false confidence in 

performance. In addition, it is difficult to incorporate a 

target model within the structure.

4. Meat phantoms

A meat phantom is moderately cheap compared with 

the Blue phantom. Since it has anatomic structures, it gives 

some tactile needle feedback, and the echogenicity of the 

background mimics human tissue. Practice of needle guid-

ance is possible with less needle-track artifacts, because 

the tracks fill with tissue fluid after needle removal. 

Simulation of local anesthetic injection and dissection after 

injection are available. The pig phantom is popular (Fig. 3). 

Beef has a thick fat layer, and turkey is too slippery [3].

5. Cadavers

Cadaver phantoms are expensive and not readily 

available without the cooperation of the Anatomy Depart-

ment. When available, they provide excellent images and 

tactile feedback that mimic living human tissues. They also 

permit local anesthetic injection and dissection of the tar-

get tissue after injection [3,12]. However, they have no nor-

mal vascular anatomy, because the vessels are collapsed. 
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Hocking and McIntyre [12] demonstrated restoration of the 

normal vascular anatomy following gelatin perfusion.

6. Phantoms made using three-dimensional printing

In three-dimensional (3D) printing, successive layers 

of material are laid down under computer control. This has 

the potential to produce objects from multiple materials 

that either transmit or block ultrasound. West et al. [13] 

described a method for producing ultrasound phantoms of 

the spine using 3D printing. Their model had a component 

representing the ligamentum flavum that transmitted 

ultrasound. The osseous and ligament components of the 

model had sonographic appearances similar to those of 

human patients. The spinal model was secured in a micro-

wave-safe rectangular container, which was filled with 

gelled agar.

USE OF ULTRASOUND PHANTOMS 
FOR EDUCATION

Some studies have evaluated the effectiveness of 

phantoms for improving the proficiency of novices. 

Mendiratta-Lala et al. [14] reported that the written and 

practical post-test scores of residents improved sig-

nificantly after practicing needle penetration into a 

cyst-like structure secured in a Blue phantom. Moore et 

al. [2,15] implemented a training system to improve the 

proficiency of trainees in needle-nerve contact using a 

gelatin-filled bag containing a simple electric circuit using 

a copper wire. To train in a specific nerve block, specific 

models that simulate the real human structures should be 

embedded in a background material. Michalek et al. [4] si-

mulated an ultrasound-guided infraorbital nerve block us-

ing skull models immersed in a water bath and suggested 

that an ultrasound-guided infraorbital nerve block is fea-

sible using the model. Brascher et al. [9] constructed agar- 

based phantoms to simulate ultrasound-guided stellate 

ganglion and intercostal nerve blocks. Kwon et al. [16] 

showed that training using a gelatin-based spine phantom 

helped novices to acquire the skills necessary to perform 

ultrasound-guided lumbar facet joint injections and medial 

branch blocks.

CONCLUSIONS

Practicing first-time needle placement on a patient is 

usually not recommended. Many studies have demon-

strated the effectiveness of phantoms for improving the 

proficiency of novices [2,4,9,14,15]. It is helpful to use a 

phantom to practice ultrasound-guided procedures and 

educate novices on ultrasound-guided injection. Because a 

water phantom is not capable of expressing the biological 

tissue, it is unfit for the beginner’s practice of needle 

placement. Though the meat phantom and cadaver provide 

excellent images and tactile feedback which resemble living 

human tissues, they are not always available and relatively 

expensive. Therefore, a gelatin-like material-based phan-

tom or Blue phantom is appropriate to improve novices’ 

proficiency of ultrasound-guided injections. To practice 

specific nerve blocks under ultrasound guidance, new ul-

trasound phantoms need to be developed. In addition, 

larger studies may be necessary to prove that using new 

phantoms enhances proficiency of clinical performance.
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