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Needle Insertion Force of Biological Soft Tissue for Haptic based Intravenous Injection
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Haptics and virtual reality are rapidly growing technologies in medical fields. Physicians and
nurses can benefit from medical simulation via training and acquire surgical and clinical
techniques. In this paper, the research on needle insertion force of biological tissue for haptic
based intravenous injection simulator was carried out. We built the setup for needle insertion
(intravenous injection) experiments and performed the experiments on live pigs. The force
responses against needle insertion were measured using the experimental setup. In addition, the
modeling of needle insertion force was carried out with the experimental results and numerical
models via nonlinear least-squares method. The results presented in this paper indicate that the
developed models can be applied not only to estimate the force feedback during intravenous
injection procedure but also to improve the overall training quality of the medical simulator.

Key Words: Haptic (5 2/ ), Intravenous Injection (&2 3=A}), Medical Simulator (2| & Al &2 0|E), Needle Insertion
Force Model (Ht= 4¢3 ZH)
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Vein Puncture

(1) Jugular vein
(2) Armpit
(3) Hindleg

Thoracentesis
(1) Thoracic cavity

' Paracentesls
) Abdominal cavity

Intramuscular
Injection

(1) Leftthigh

Fig. 1 Experimental sites for needle insertion
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Table 1 Experimental conditions

. . Needle size  Velocity
Experimental specimens
[G] [mm/sec]
Intramuscular
Injection 21 10
Pig 1 (Left thigh)
Paracentesis
. . 23 10
(Abdominal cavity)
Vein Puncture
. 23 5
(Hind leg)
Pig2
Vein Puncture
20 1

(Jugular vein)

(b)

Fig. 2 In vivo needle insertion experiment on live pig: (a)

experimental setup (5848 Micro Tester, Instron,
USA) and (b) anesthetized pig

Fig. 3 In vivo experiments: (a) vein puncture of hind leg,
(b) paracentesis of abdominal cavity, and (c)
jugular vein puncture of pig using I'V catheter
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Puncturing force
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Force

S
?

Insertion depth
Fig. 4 Needle insertion force: (a) deformation force
before puncturing, (b) puncturing force, and (c)
relaxation force after puncturing
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Fig. 5 Typical experimental results: (a) increased reaction
force region before puncturing, (b) puncturing
force instance, and (c) decreased reaction force
region after puncturing
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Table 2 Puncturing force during needle insertion

Intramuscular Injection

Pig 1 Left thigh

—0O— Exp data
Model data

1500

Paracentesis
Pig 1 Abdominal cavity
—O— Exp data
Model data
Vein Puncture
Pig 2 Hind leg
—%— Exp data
Model data

1000

Force [mN]

500

Vein Puncture

Pig 2 Jugular neck

— — Exp data
Model data

0 ' 10 ' 20
Insertion depth [mm]
Fig. 6 Comparison of the slopes of experimental results
for estimation of tissue stiffhess
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Experimental specimens Puncturing force [mN]

Intramuscular Injection

. 1013 £ 110
(Left thigh)
Pig 1
Paracentesis
. . 584 £ 97
(Abdominal cavity)
Vein Puncture
. 1333 £ 174
(Hind leg)
Pig 2
Vein Puncture
124 + 28

(Jugular vein)

Table 3 Estimated parameters of needle insertion force
models

Experimental Model parameters

specimens A t Fo
Intramuscular
Injection 2104 9.1 -210.3 0.997
(Left thigh)
Pig 1
Paracentesis
(Abdominal  905.9 -25.5 -906.5 0.994
cavity)
Vein Puncture
. 11689 -10.9 -1187.3 0.996
(Hind leg)
Pig 2
Vein Puncture
. 1719 2.7 -172.8 0.981
(Jugular vein)
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Fig. 7 Experimental results and predicted results of needle insertion force models: (a) left thigh muscle of pig 1, (b)
abdominal cavity of pig 1, (¢) IV hind leg of pig 2, and (d) IV neck of pig 2
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