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Introduction

Peripheral intravenous (PIV) catheters are the most fre-
quently placed devices for patient care in hospitals.1 PIV 
insertion is required for many critical patient situations 
including shock, hemorrhage, or infection.2 It has been 
estimated that 8% to 23% of patients in the Emergency 
Department will require ultrasound guidance to insert a 
PIV. This equates to between 12 and 34.5 million PIV line 
placements that will require ultrasound guided insertion 
every year in the United States.3 The incorrect placement 
of a PIV can lead to extravasation, infiltration, phlebitis, 
cellulitis, arterial puncture, and critical delay in medical 
care.4 Given the prevalence and importance of ultrasound 
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guided PIV insertion, it is vital that healthcare providers 
receive adequate training. Vascular access “phantom” 
models are commonly used to teach and train practitioners 
on this procedure.

Commercially available phantoms exist but are expen-
sive, difficult to alter, and degrade with use.5 Various non-
commercial vascular access phantoms have been described 
in the published literature and online videos and blogs. 
Different materials and techniques have been suggested 
for making these non-commercial phantoms, including 
meat based products, other food products, gelatin, agar, 
and ballistics gel.6–11 There has been no comparison of 
these non-commercial ultrasound guided vascular access 
phantoms. The primary objectives of this study are to com-
pare the echogenic resemblance and haptic similarity of 
various non-commercial phantoms to ultrasound guided 
PIV placement on human patients. Secondary objectives 
were to characterize the cost, ease of making the phan-
toms, and their reusability.

Methods

This simulation based prospective observational study 
assessed homemade ultrasound vascular access phantom 
models that were constructed using recipes described in 
the published literature, educational blogs, and do-it-your-
self online instructional videos. Using Pubmed search 
tools and homemade phantom creation literature data-
bases, six models were identified for this study. These 
models were chosen to represent a variety of material 
types. The six models were: Amini Ballistics; Morrow 
Ballistics; University of California San Diego (UCSD) 
Gelatin; Rippey Chicken; Nolting Spam; and Johnson 
Tofu.6–11 The models were constructed the day before test-
ing. Each model was constructed according to directions 

from their source paper or tutorial (Figure 1). Each model 
contained two to four simulated vessels. Each model had 
areas demarcated to ensure each participant used a non-
punctured entry point for testing.

The authors created a scoring rubric to assess data on 
the model creation process. Parameters such as total cost, 
ease of material acquisition, and time for creation (includ-
ing active time in which creator must be present and pas-
sive time in which creator need not be present or is waiting) 
were measured (Table 1).

The protocol was approved by the Institutional Review 
Board at Thomas Jefferson University. All participants pro-
vided written informed consent for study participation. Six 
Emergency Ultrasound fellowship trained Emergency 
Medicine physicians who were deemed skilled practition-
ers in teaching and performing ultrasound guided PIV par-
ticipated in this study. Each participant performed 
ultrasound guided PIV placement on each of the models to 
evaluate their utility as an educational tool. The participants 
were instructed to use an out-of-plane transverse scan tech-
nique in order to visualize the simulated vessel. 20 gauge 
1.88 in (48 × 1.1 mm) catheter needles were used for this 
simulated procedure. The participants were allowed to 
adjust the ultrasound machine settings to optimize visuali-
zation of the needle and simulated vessels. Figure 2 demon-
strates representative short axis images of the six gel 
models. Each participant completed a post-procedure scor-
ing rubric intended to allow for quantitative assessments of 
model resemblance to human tissue haptic and echogenic-
ity properties, utility for training, and comparability to 
commercial phantoms. The rubric was created based on 
previous literature and Emergency Ultrasound faculty con-
sensus on the important characteristics of phantom models. 
The rubric consisted of eleven questions answers via 
5-point Likert scale with high numbers denoting better 

Figure 1. All homemade phantom models prior to analysis.
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Table 1. Results of the phantom creation scoring rubric.

Morrow 
Ballistics

Amini 
Ballistics

UCSD 
Gelatin

Johnson 
Tofu

Rippey 
Chicken

Nolting 
Spam

What was the amount of time needed to actively construct this 
phantom from start to finish?

20 min 45 min 120 min 10 min 15 min 15 min

What was the total amount of time needed to construct this 
phantom, including both active construction and passive time (i.e. 
freezing, refrigeration, oven)?

150 min 90 min 12 h 10 min 15 min 15 min

What was the complexity of making this phantom model, with (1) 
being not very complex and (5) being very complex?

3 3 4 1 1 4

Are the materials needed to create this phantom are all easily 
accessible at local stores or online, with (1) being very accessible and 
(5) being not very accessible?

3 3 2 1 1 1

What was the total cost of materials needed to create this phantom 
(per phantom)?

$27.11 $26.40 $29.76 $4.39 $16.87 $5.00

Are the appliances needed to create this phantom are all easily 
accessible in most households or can be easily bought in local stores?

Yes Yes Yes Yes Yes Yes

This phantom requires special storage conditions (i.e. refrigerator, 
freezer, etc.):

No No Yes Yes Yes Yes

This phantom requires special handling considerations: No No No No Yes No

Figure 2. Ultrasound images of homemade phantoms: (a) UCSD Gelatin, (b) Rippey Chicken, (c) Amini Ballistics, (d) Johnson Tofu, 
(e) Morrow Ballistics, (f) Nolting Spam.

rating. This was repeated by each participant for all six 
phantom models. Lastly, the participants were allowed and 
encouraged to comment on specific features they found 
important for each model.

In the next phase of the study, the models were repeat-
edly punctured with a single catheter needle. Each phan-
tom was assessed for track marks and degradation using 

ultrasound after each puncture and the process was 
repeated until the phantom was deemed unsuitable for 
novice training due to deterioration of the model. The 
number of needle insertions tolerated by each model was 
recorded and used as a proxy to estimate the training life 
expectancy of each model. Descriptive statistics were 
calculated.
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Results

The six phantom models were successfully created accord-
ing to their published recipes. Cost of model creation 
ranged from $4.39 for the Johnson Tofu model to $29.76 
for UCSD Gelatin model (Table 1). The time to construct 
each model ranged from 10 min for Johnson Tofu to 12 h 
(10 h passive; 2 h active) for UCSD Gelatin. The food 
based models (Rippey Chicken, Johnson Tofu, UCSD 
Gelatin, and Nolting Spam) all required special storage 
conditions or handling requiring use within established 
food safety regulations (i.e. expiration date and tempera-
ture regulations). All models except the ballistic based 
models were refrigerated overnight. The ballistics models 
notably did not require special handling.

The materials required to create the six phantom mod-
els could be found at local grocery, retail, and hardware 
stores. The one exception was the ballistics gel that was 
used to create both the Morrow Ballistics and Amini 
Ballistics models, which was ordered online from a bal-
listics gel supplier.

Scoring results from all six participants on the six phan-
tom models were included in the data analysis. The Rippey 
Chicken model scored highest overall for the primary 
study objectives: haptic similarity 4.6/5, echogenic resem-
blance 4.9/5, teaching utility 5/5, and commercial compa-
rability 4.8/5 (Figure 3). The aggregate means for all data 

points for each phantom were calculated (Figure 4). 
Overall, the Rippey Chicken model scored highest (4.8/5), 
followed by the UCSD Gelatin (3.7/5), Amini Ballistics 
(3.2/5), Morrow Ballistics (2.6/5), Johnson Tofu (2.5/5), 
and Nolting Spam (1.5/5). Participant comments about 
each model were collected. An overview of these com-
ments is displayed in Table 2.

The Rippey Chicken, UCSD Gelatin, Morrow Ballistics, 
and Amini Ballistics were each pierced 25 times without 

Figure 3. Categorical scores for each phantom based on question responses above are visually represented as (a) Aggregate 
scores across questions assessing phantom haptics. (b) Aggregate scores across questions assessing phantom echogenicity 
properties. (c) Utility for USIV practice insertion. (d) Comparability to commercial phantoms.

Figure 4. Aggregate score for all phantoms across all 
questions. Each box and whisker set represents the average 
Likert-scale values for that specific phantom for every question 
asked. X = mean value; Boxes range 2nd–3rd quartiles; 
Whiskers represent full range of values.
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noticeable degradation of image quality. The Johnson 
Tofu model showed loss of image quality and model deg-
radation before 20 pierces. The Nolting Spam model 
showed substantial enough degradation at the initial sur-
vey evaluation that it did not proceed to further reusability 
testing as it had already been deemed unsuitable for novice 
training.

Discussion

Standardized clinical simulations result in greatly 
improved ultrasound guided catheter insertion skills, 
knowledge, and confidence, yet barriers to implementing 
ultrasound education are an issue in many clinical set-
tings.12 In a survey of 82 curricular administrators at 
United States Doctor of Medicine (MD)-granting medical 
schools, a lack of financial support was cited as one of the 
most significant barriers to implementing ultrasound edu-
cation at the undergraduate medical education level.13

Commercial grade ultrasound phantoms are expensive 
and while reusable, their cost may pose a barrier to organ-
izing simulation training. The Blue Phantom (CAE 
Healthcare, Sarasota, FL) 2 Vessel Ultrasound Training 
Block currently lists at $449.00.14 According to the manu-
facturer website this phantom allows for repeated use 
“thousands of times without requiring replacement”. In 
contrast, the homemade two vessel models tested in this 
study ranged in cost from $4.39 (Johnson Tofu) up to 
$29.76 (UCSD Gelatin model) While the Johnson Tofu 
model showed loss of image quality and model degrada-
tion in under 20 pierces, the Rippey Chicken, UCSD 

Gelatin, Morrow Ballistics, and Amini Ballistics models 
each survived 25 piercings without significant degrada-
tion. Similar to the Blue Phantom and its long shelf life, 
the UCSD Gelatin, Morrow Ballistics, and Amini Ballistics 
models also offer long shelf lives. Additionally, the 
Morrow Ballistics and Amini Ballistics models can be 
deconstructed and remade at minimal additional cost to 
prolong their usability. In contrast, the Johnson Tofu, 
Nolting Spam, and Rippey Chicken models have very lim-
ited lifespans. No homemade model required more than 2 h 
of active creation time, with most requiring 45 min or less. 

Depending on training needs, use of non-commercial 
ultrasound PIV training models may make vascular 
access ultrasound teaching more attainable without fund-
ing posing a barrier. For example, if a large training ses-
sion were planned for a single day or consecutive days, 
then it would be far more economic to create multiple 
homemade phantoms with chosen qualities to best suit 
the needs of the learners rather than purchasing multiple 
commercial phantoms.

Significant disparities exist between models in terms of 
their overall teaching utility and reusability. Consistent 
with the findings in this study, meat-based phantom mod-
els have been described to provide more realistic tissue 
feedback and background echogenicity properties when 
compared to non-meat based phantoms.9 The chicken 
breast model, described by Rippey et al., consistently 
scored higher than other models in this study (4.8/5 aggre-
gate score). In addition to scoring highest on every pri-
mary outcome, the Rippey Chicken model had mid-level 
scores for secondary outcomes pertaining to creation time 

Table 2. Participant comments made about each of the models.

Amini Ballistics Commercial comparability: “PVC pipe was too large for IV target practice and too close to the gel surface. 
The gel was too firm compared to human tissue.”

Johnson Tofu Soft tissue echogenicity: “Could not slide the probe, as it dug into [the] model.”
Ultrasound artifacts: “Air artifact. Very poor visualization”
Vessel echogenicity: “Very poor visualization”
Commercial comparability: “The worst.”
“Multiple areas of air artifact. Very poor visualization of the vessel on this particular model. Would be 
useful for simulating air in soft tissue/abscess/necrotizing fasciitis.”

Morrow 
Ballistics

Haptic feedback of phantom soft tissue: “Too firm, too much resistance.”
Haptic feedback when puncturing the vessel: “Too much resistance.”
Haptic feedback when advancing the catheter within the vessel: “Too much resistance.”
Commercial comparability: “Very dense/firm texture, tubing for simulated vessels was too thick for easy 
IV catheterization.”

Nolting Spam Soft tissue echogenicity: “Poor tissue interface.”
Simulated vessel echogenicity: “very poorly visualized vessels”
Commercial comparability: “Very poor visibility of balloon in the spam. Beyond piercing the spam, the 
needle was very difficult to visualize.”
“Worse than tofu.”

Rippey Chicken Commercial comparability: “Great model. The tissue and fascial planes were very clear.”
“The best.”

UCSD Gelatin (No comments)
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and creation cost and survived the maximum piercings tri-
aled in this study without image or model degradation. 
Important weaknesses of meat-based models include 
shorter shelf lives and the risk of transmission of patho-
gens from uncooked meat.9 These models may also be off 
putting to some users due to smell and texture.

The UCSD Gelatin model, in contrast to the Rippey 
Chicken model, can be stored at lower temperatures for at 
least 2 weeks and has no risk of transmission of pathogens. 
Though the weaknesses intrinsic to the Rippey Chicken 
model are avoided, this comes with decreased haptic feed-
back (3.9/5 vs 4.7/5) and echogenicity properties (3.7/5 vs 
4.8/5), a higher monetary cost ($29.76 vs $16.87 for the 
Rippey Chicken model), and a longer creation time (2 h + 
overnight cooling vs 15 min total for the Rippey Chicken 
model). Although both Morrow Ballistics and Amini 
Ballistics models scored on average lower than both the 
Rippey Chicken model and the UCSD Gelatin model (2.6/5 
for the Morrow Ballistics and 3.2/5 for the Amini Ballistics 
model), they can be stored indefinitely without any special 
storage conditions and can theoretically be used for years 
without replacement. However, due to the specific ballis-
tics gelatin used for both these models, their cost exceeds 
that of any of the other models tested ($27.11 for the 
Morrow model and $26.40 for the Amini Ballistics model). 
Although the Johnson tofu and Nolting Spam models both 
require special storage conditions and scored the lowest on 
average, they are the cheapest and easiest to make which 
may be attractive in certain instances, such as quickly set-
ting up training programs; however, they were noted to be 
overall poor quality training models for novices.

This study is limited by the prospective observational 
methodology. The primary limitation is that the models 
were tested by skilled practitioners while phantom models 
are typically used for teaching a new skill. Testing these 
models directly on clinicians who do not yet have this pro-
cedural skill may lead to more robust and generalizable 
results for training purposes. Model longevity over time 
was indirectly measured via repeated needle punctures on 
the same day, which were quantified as a proxy measure-
ment for reusability over time. Along these lines, the Likert 
scale scoring rubric questions were representative of the 
initial use of newly constructed phantoms, removing vari-
ables such as deterioration and handling issues. Although 
the chicken phantom scored highest in our study, the gela-
tin phantom could have potentially scored higher if lon-
gevity were represented in our primary objectives. The 
unblinded nature of the study introduced a further limita-
tion as the participants were both aware of which models 
they and other participants were trialing, which could lead 
to bias in feedback. This study did not directly compare 
non-commercial to commercial phantoms, something 
which may be considered for future studies.

Homemade phantom models represent an easily acces-
sible, cost-effective, useful and thus important tool in 

ultrasound education. As such, studying and vetting differ-
ent models is important to enhance educational opportuni-
ties and clinical outcomes. The findings in this study 
represent the first formal head-to-head comparison of 
many unique homemade phantom models in the setting of 
ultrasound guided PIV insertion.
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