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A gelatin cube ultrasound training model for enhancing the three-dimensional
anatomical understanding of blood vessels

Kiyeong Jang, Sanghun Lee, Tae Kwon Kim, Jaecheon Jeon, Woo Ik Choi, Jonghoon Yoo

Department of Emergency Medicine, Dongsan Medical Center, Keimyung University School of Medicine, Daegu, Korea

Objective: Ultrasound is widely used in the clinical field. However, training on use of ultrasound is insufficient. Newer
models and techniques cannot be introduced for use by doctors without training and knowledge of its clinical utility. We
produced a unique ultrasound education model and investigated if the use of the model could enhance the ability of clini-
cians to use ultrasound.

Methods: A gelatin ultrasound practice model that can be transformed into various shapes was created using a cube-
shaped plastic trainer. Residents and interns working in tertiary hospitals were surveyed for their awareness of the use of
ultrasound through a questionnaire. Subsequently, ultrasound education was conducted, and a test was administered
using a cube-shaped ultrasound education model. After the education and testing, awareness of the use of ultrasound
was investigated through a questionnaire once again, and the test results were evaluated.

Results: A total of 20 people participated in the evaluation and survey using the practice model. Of these, 11 people (55%)
had procedural experience of using ultrasound. The Spearman’s correlation test was performed to compare previous ultra-
sound procedural experience with the number of correct answers, time spent on the test, and the number of attempts, and the
results were 0.278 (P=0.235), -0.513 (P=0.021), and -0.369 (P=0.110), respectively. The correlation coefficients between the
previous ultrasound knowledge level and changes in the knowledge level, preference, and confidence about ultrasound
examination before and after practice were 0.261 (P=0.281), 0.638 (P=0.003), and 0.705 (P< 0.001), respectively.
Conclusion: Our cube-shaped ultrasound educational model can spark interest in the use of ultrasound, improve knowl-
edge levels, and increase procedural skills in using ultrasound.

Keywords: Ultrasonography; Interventional ultrasonography; Imaging phantoms; Simulation training
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Capsule Summary

What is already known in the previous study
Low knowledge and perception of ultrasound examina-
tions can act as barriers to using ultrasound. Real-time
needle tip visualization in ultrasound-guided invasive
procedures is essential for procedural success and cru-
cial in preventing complications induced by the proce-
dure. Techniques such as 3D ultrasound devices or
echogenic needles have been introduced, but they are
not yet widely employed in practice.

What is new in the current study

Our low-cost equipment with variable structures suc-
cessfully fulfills the demands of ultrasound education for
doctors. Connectable gelatin models and diverse
anatomical scenarios address commercial model limita-
tions, offering comprehensive training. Positive out-
comes in enhancing ultrasound knowledge, skills, and
confidence demonstrate the effectiveness of our solution,
which is expected to improve diagnostic accuracy and
patient management. This accessible and versatile
approach has the potential to revolutionize ultrasound
education, bridging educational gaps and enhancing
patient care outcomes.
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Fig. 1. (A) Anatomical variation table with a plastic container. (B) Wired silicone hose in a plastic container. (C) Completed
gelatin cube ultrasound training model. Silicone hose travels 4 to 5 of anatomical variation table position.

Fig. 2. (A) Ultrasonography view with transverse scan. (B) Ultrasonography view with longitudinal scan.
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Fig. 3. (A) Connecting two cubes covered in vinyl wrap. (B) Connecting two cubes with same anatomical variation number.
They have same number of 5 in anatomical variation table.
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Table 1. Characteristics of the survey participants (n=20)

Number of responders (%)

Position
Intern
1st year of resident
2nd year of resident
3rd year of resident
4th year or more of resident
Ultrasound procedure experience
Yes
No
Number of ultrasound procedures performed
0
1-5
6-10
11-20
>21

10 (50)
3(15)
1(5)
2 (10)
4 (20)

11 (55)
9 (45)

9(45)

2 (10)

1(5)
0

8 (40)

AEHTE FH(BFHAHE Bk er, 5y |
Fo 2A Y BEEE 28I A% old 229 HE
o fFe AE AYE, AGe Al A, 28 A%
A% ke ABAdS &l $8te] Spearman 43
TS A et AE A $o 23Tk Ui <l
Alof thsle] F & Wilcoxon rank test® B W sl o

A
2E 404 Pgkel 0.05 U]”}O 7§T§ % °] O}Oﬂﬂr
AEA L R version 4.0.5, R studio version 1.4.1106

(R Project for Statistical Computing) & F A] &3} t}.

d4 5

AHFRGFE o] g3 Hrh 9 e F 20o] #oistal
th FE9 109, AFeE 1090 Fostglon, o]F %
w35 o] g3t 7] Aol Q= AW 119 (55%) At
ZSUE o] g3 &7] 34E 0Wo] 94 (45%), 219 ©]
do] 89 (40%) ]tk (Table 1).

AFEEGE o] &3t FrtelA, 29 F3o] 33
Ty 29 ou F9 S FHEEAE A5 AT
27 o] Hat 14558 (EFHA 0.759), A AFAI7E
S FH 8.85% (FFHA 7.190), 2191 A% 5=
T+ 1.13] (EFH2} 0.308) o] At} (Table 2).
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Table 2. Evauation result of practice using gelatin cube model

Vaue
Number of correct answer 1.45%0.759
Time spent (s) 8.85+7.190
Number of attempts 1.10+0.308

Values are presented as mean = standard deviation.

Spearman A #7414 0.278 (P=0.235), —0.513
(P=0.021), —0.369 (P=0.110) & YE}stth(Table 3).
AF A 30 AitelA, F7at AL FUbe 259
Akl tdt e AL A w5, BT, WS 47 49
(20%), 798 (35%), 9% (45%), *E'Q T s RE UGS
247 137 (65%), 68 (30%), 178 (5%) ©]Att. 23
o] g8t Al&e gt e B Aol s A
199 (95%) om, A% F 2074 (100%) o= et
Z595 o] &8 w7 dgt 2l AF d w5
BE 9GS 247 599 (25%), 1 (5%), 148 (70%), A5
= %%, e us 7247 129 (60%), 39 (15%), 54

p hl
Spearman A3 A S O 261 (P 281), 0.638
(P=0.003), 0.705 (P<0.001) =& L]FE]"/GEUF Table 5).
_T'_ xF
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on, EES 7MY W& AadAE B3t (Table 3). AMode o] FH AL A= ATkt BV TRAQ 2+
olel gt AHE Fal ol 2Eyf o] g Aol dHAal 3 wHo] FHata urte] FulE U ¢ s 4

Table 3. Correlation between the experience of ultrasound procedure before practice, the number of correct answers on the
test, the time spent, and the number of attempts

Ultrasound procedure experience

Correlation coefficient P-value
Number of correct answers 0.278 0.235
Time spent -0.513 0.021
Number of attempts -0.369 0.110

Table 4. Perception and self-assessment of procedures using ultrasound before and after practice (n=20)

Before After 95% confidence
practice practice P-value interval
Self-evaluated knowledge of ultrasound examination <0.001 -1.260—0.4404
High 4 (20) 13 (65)
Moderate 7 (35) 6 (30)
Low ability 9 (45) 1(5)
Preference for the use of ultrasound during procedure 0.330 -0.155-0.0547
High 19 (95) 20 (100)
Moderate 1(5) 0(0)
Low 0(0) 0(0)
Self-evaluated confidence in the ultrasound procedure <0.001 -1.219-0.3814
High 5(25) 12 (60)
Moderate 1(5) 3(15)
Low 14 (70) 5(25)

Values are presented as number (%).

Table5. Correlation between ultrasound practice and change in ultrasound knowledge level, preference, and confidence in

ultrasound examination

Ultrasound practice

Correlation coefficient P-value

After practice
Knowledge level? 0.261 0.281
Preference” 0.638 0.003
Confidence? 0.705 <0.001

3 Self-evaluated knowledge of ultrasound examination, ® preference for the use of ultrasound during procedure, © self-evaluat-

ed confidence in the ultrasound procedure
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Fig. 5. (A) Ultrasonography view for two hoses model with transverse scan (needle tip visualization during ultrasound-guided

puncturing silicone hose). (B) Ultrasonography view for connected two cubes with longitudinal scan. Only the top of
the silicone hoses and a small artifact can be seen on the ultrasonography due to minor irregularities at the connection.
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Appendix 1. 3 35 2] ] A H el sl i34 ol = 52 S Yot Ae}E 78 %253 5 =3 (A gdatin cube ultrasound
training model for enhancing the three-dimensional anatomical understanding of blood vessels)

%S9 (point—of—care ultrasound, POCUS) 7} 98] AFS WA 253 w5 AF 5 A0 = st m vt
ofel st wg Folor e dFHT T 202193 2022 9] S SF AR Y S A 250 S
A S A ATl 2595 A5@G ) o] &ate H &S XA A3 9 S tdor 3t 253 1 fe
FEeitta 2AMEAEFUTH T2 QoA o] Fojx ot AFoE o E e 253 wSEe #F A=
gl 78t At Wgele 5o 7|24 g etk ofyet 253 E88, e dH ol 5o et Ud v 8S 2%
Sk AREAQ WS o QG U Y0 o] d AT EL 25y A FH U ol E 51 229 uS AGFHS
Ao Tt §8 F AAR S0 R dAe] == oAU

2 AT Agd FH 253 A% BEE T 259 A dEYE 22k 948 3AELE 4%t S &
AN = deA gotr7] f&f 7| H UG 8 ol & o su Aol & OPL AHEY] A RYFS T F
Qe "UAFC] @ Aoz 7stal QFuTh npmAl 7hed & Aol Fofd A4 AL
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Appendix 2. Ultrasound 3D 15

1. Introduction to machine

= =)
ooqgedooo

BT 7150l ON S0 UE Key & IS4 2.
L =l —— E

B mode Ol 5 EItset JIse SM OB
8o

@ | | On/Off key | Zdlel & 22 On/Off &Lk,

Volume PW,CW S92 2 sound Volume 8 Z&8&IC}.

S0I2& 2D signal 2T & 2 M4 slide 8

LGC AE5H0 202 ZEEI0 SHQICL Image
2R U2 AXIGCE, image 2 2LEE B2
QEZ LGC & ME58H control 8Lt

S0t2= signal o 28 20|10 m@at &5
FIoll slide 8 ZS2 XA &HC, Linear
transducer = S2H0fl LHECR HIE5D
TG0 curved linear transducer = A 8 T &= user 2
HOol0 M2k LA UHEBCt. cardiac preset 2
sector transducer A= HESZ 2AF
ACHA LEZSIS0| AHEO0] & 282

HH & St CH.

Push Rotary Key 2,

Zoom key € push 8t 2101} 5t= 2RILS
Zoom &M 2= HD zoom JISE ME & £
U1, rotate & A M image & £33
tHE2 205101 2 = UACH

Push Rotary Key 2, =422 highlight &
mode Jt 81 A& =2l mode 011, 0| Key E
Depth / Push 8 22 M Depth 2 focus JIsE
Focus HEEHOZ A8 & =+ UL £8 g435E
mode 0l Al Rotate 5t Depth 2 Focus &
control 8tC}.
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compress key & rotate 80 Dynamic

Compress Range € control & %= QUL

2D, Color, CPA, PW,
CWsS 8N &4dsts
2} mode 2| gain 2
control &Lk,

(8438 mode & at2
- CtS1h 201 St
g(:i':e e/ Blue 2 display I, 2

mode Ul Al = Freeze &

§ " ) EHOl A post processing
S8 gain Z&0|
Hs6IC)
QWERTY Keyboard
Patient  Transder Preset Review Report Hide 10 Protocol Tewp  Melp |

OEEEEEE % o B D = M 3

Keyboard 2| 2 €!&0ll ¥ Xl & Function 7|&= - Patient, Transducer, Preset, Review,
Report, End Exam, Physio, Hide ID, Protocol, Setup, Help €2l JIs& Eg8tC}.

Pati
e Monitor Of ZIAISI DX St & X1o) B2 8 st
* ghet network Jt 12 O ACHH worklist It EAIEH:}
Transder
HES S8 M OtCt connector Ol HA L0 A= sAU2
< transducer Jt &4 EIC}.
Preset Preset menu 2t Preset LCD soft key & LIEIHLHD| I6H Ol key &
S8C0. A2X = Preset menu 2 Preset soft key & BIHEHLI
= B8 AMME = U200 L8t screen Ol Al preset 2| 0ISS HAH &
% ULk
Review &8 =0l study Ol M image review 8 Z Lt 22 [ Review
E key 8 = EC}. Review screen 0l A navigation aDI Ao E
trackball 1t Select , Enter key & A& &L
Report
E | Bl ZA Sl &Xt2 report & 8 4+ UL
End Exam
ZAHE E 235} 1 patient data 31210] Sl

ECG gain, position 58 =3&.

;]? U}

Image Off L}EHL}= patient ID & HIAH & == ACH

-

Protocol
Protocol =& S0{2tC}.
EEDO
Setup ]
= Setup HI=2 SO 2UCH AHE XS setting S8 812 HE & £

UCH

Online Help M2 S0 2tCt.

-~ l‘-jTTTT
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trackball 8 ZA©2 FX|# function key

Ct& JIs (color , pw, dual,

2D zoom S)0IlA 20 2 S0I2 T
A28t
Color key & 2921 Color mode J}
Color

AMEE . color box ZE & select £ 8t}

PW key 8 +29 SV line 0| L2111,
PW control panel 2] S2tZ 0l A= Enter key E
=21 wave form 0l LIl 8Lt

CPA key & +Z¢ CPA mode 7}

e A ZECHCPA box Z& 2 select = 8L

TOI Cardiac preset 0l A TDI mode It AR &Lt

Cardiac preset 0l i CW spectral trace &
LIEFLHD| I5H CW key 8 2L Non-
Cardiac preset 0l A = CW Preview 2
Cw S0 |t CWkey & F2H, cw
reference line 2 #XI8 A& % AUC.CW
spectral trace & LIEHH D] R £ CW
key & &L

M-mode key & 22 M-mode line 0|
M-mode L2 3 control panel 2] S2tE0 U=
Enter 2 £21 M-mode E Al Z&IL},

® © o eeee
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Caliper

A0l distance & EF5I| Rt key 2,
E320| 8 MK 2LIE 0l display S M,

9 Bl measure 2EHE XS SF3H

2 FE =z NNEC

Trace

Elips 2 ZZ & Il S50, & e &S
1 20 AXNE HES0H EHEOILE
STEHZ 30| bS8ttt

Calculation

B HE4E Exam “type” Ol M2} calc
package 7t CY2Ct. 528 monitor
JHE &AZ0 2 LIEFLCH

Measure & Gt pointer £= Calc 8
=o] display S8 = oY ot 2901
click 8tCt.

Erase

HEE text Lb, measurement 2 X2
fI8h S=2Ct.

Text

o= AR text 8 F=CH

00 @ 006

Marker

SLIE N ®3l= Body Marker 8
HE85}0| I A S0l Quick key B

A 8L 88 & body maker

At HIGHD| 2l 6i A= delete marker Quick

el

)

Freeze

Freeze & 29 live image = X &1
XS MEHOA trackball & ALE58H0
HEE frame 8 scroll 8 £ ACL CHAl
Freeze & +29 live image & 8 =
Ch. unfreeze &EH0IAME 2E
measurement L} calculation 2 &S &
2 U0t

[

Print

A2T1e B2IHZ printer Lt VCR & print
Ol XIZ3td A2 & 4 ACH

Dual Imaging

Dual mode & £0J12| fI8iA dual
key 8 $21, LT U RT key & 018250
SEE BABICH MBI Left B
20 2AZ2 LIVEOIDIX 2EXES2
HXE OI0IXE 8 = UCL(REES
28 BHHoICH

Enter

Menu 2| option 8 &HE1517| ?I8H
trackball 2t M Enter key &
PAE=2{n

PW, CW, M-Mode Preview : spectral
0ILt M-mode trace & %8 Enter
key 8 AI28IC}

CW., PW Doppler : 2D image Lt
spectral £ live & 27| ®I81 Enter
key B AIS8HCEH

3D, Panoramic : trackball 2 image 8
SEO0IHU cursor 8 S5 [l image
reivew 8= S @ Enter key 8 AL 8L
30 0l A trim tool ALZ Al : trackball £
trace 8 228 M XA 62| fI5H Enter
key & AL28HCEH.

(3¢

Select

HEE0 mode OlA JIse BSIE FIoH
select 8 &L . trackball & J|Is2
monitor 22 SIS0l EAIS D 8T
&S0l trackball 2 J1& 0l highlight & Ch.
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System parameter 8 S2AHOZ
X3} 57| floH +ELL.

-20 0 HEAl TGC, -
overall gain € = &g}

Al =0 monitor SHEHOI

CiS I 22 icon 0 LIEFCE.
—-Color mode £ Al color gain €

Z =38l AIAZ=0 monitor 5tEH0I CHS It

n— 22 icon 0| LIEHHCE

a iscan (&, CPA mode 2t TDI mode Ol &
HES|X 9420, cardiology preset
OIHE HEg =X ?J‘-I:})
velocity,

basellne = ﬂ&ﬁ} AMAHELH

(carotid preset OlAl = PW gain £ 8
=3 AIAZECL)

0|22 XIS=0l 23 AEHD}
RS XE $20 CHAl =3} 617)|
P A= iscan button CHAl SEC.
2EES 0IRAHY Calc 42
measure 2t0l E27| i ST 1212
a : M, monitor 8tSH0ll 0121 2+l icon 2]

Pointer status box 8 & [, image & & XHOI 2l
S50 FoH SH&ED 2R A0
AESILL ( E, print 8 image Ol=
HAS X ¢eC)

2D live imaging Ol M Stress Echo,
Panoramic, 3D 2| loop & A&t
S & [ AL2EtLE 20 frozen image &

— 2= C. 20
B Acquire ML}, spectral £= M-Mode trace &

LIEHE [ frame & acquire 32| f16H
SE8C T8 SS9 NS AdMAE
unfreeze #EH0lA acquire 3|18 =&
SSA HES AFSBL.

B4 9u Qe e —_—
- Patient ) 0000 )
- MPN_pt ID | o —~70-70

+ Name_pt name | o = a'lw']e .:""".'."".EI' :]:-I'.l g

+ Transducer®} preset 47 :0.,‘-:-.‘;'.'. .".'..u“:t_;-'

TG A or AL AR

- Acquire
- Freeze — Acquire

A /\]. ot
- End exam

92 PACSE A%

23 A% 9 yig
- A 3 probe & B4 A
- Hde 6‘]—/\]— A Eoﬂ e <]
- No alcohol
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2. Orientation of ultrasound machine

Orientation: Operator

Orientation: Screen

Orientation: Transducer
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Transducst Movements Orientation: Transducer

Sliding Rotating

)
Tilting +

Rocking

Orientation: Transducer

Uhtrasound Movement - Sliding
(Ilustration)

Tilting

3 Rotating

Rotating

5 Compression

g
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1. oA Hel& o2 uielE)

) T Sagittal Orientation:
2. Probe orientation: #}9] 2 & plane Frontal )
) - ) {coronal) Imaging planes
z—fvi, 1:!1 ‘j/] Ho}%kgi T°1 O]: ?l'];} plane

3.1J cath insertion SoA+
orientation®] Wkt 7} Ft},

Transverse

Sagittal plane

Anterior

Inferior

Posterior

Coronal plane

(=)
—  Jp— Lateral
;ﬂ )— £

Superior Inferior

Medial ———

Left lateral skin side

Anterior
Transvetsalsplane
i

right d=—— left

Right lateral



