
  

 

Abstract— While administering cancer vaccines, an extra-fine 

needle punctures into the affected area. Reportedly, needle 

insertion speeds affect the insertion reaction force, causing 

needle deflections. Additionally, longer insertion times increase 

the effect of respiratory fluctuations on the needle insertion 

speeds, leading to a reduction in needle deflections. This study 

focused on deriving the optimal speed for the liver, kidney, fat, 

and muscle of pigs to enable efficient and accurate insertion. 

Insertion tests were conducted to analyze the dependence of 

needle deflections on the insertion speed ranging from 2 to 20 

mm/s and insertion angles of 0°, 15°, 30°, and 45°. Subsequently, 

a diagram of the relationship among insertion speeds, insertion 

angles, and needle deflections was created for each organ; this 

illustration, suggests that it is possible to determine the optimal 

insertion speed. In future, it is necessary to derive the optimal 

insertion speed for organs not used in this study. It is desirable 

to use insertion planning in combination with organ 

segmentation techniques using computed tomography (CT) 

images to optimal insertion speed. 

I. INTRODUCTION 

Fine needle insertion has been explored for minimally 
invasive medical applications such as ablation therapy, 
brachytherapy, drainage, and local anesthesia. Recently, its 
use has been examined in cancer vaccine therapies using 
autogenetic dendritic cells, which have been proposed as new 
cancer treatment methods with few side effects. It is 
hypothesized that the cancer vaccines are most effective when 
the autogenetic dendritic cells in a vaccine are injected directly 
into a tumor [1]. This therapy is applicable to lymphatic 
malignancies which can easily spread to other parts of the body 
and must be cured at an early stage. However, accurate needle 
insertion into a tumor is difficult because a fine needle can be 
easily deflected. In the past, researchers have tried to assist 
percutaneous needle insertion using robot systems [2]. 
Although many studies have focused on the prostate and liver, 
none of them have examined abdominal insertion in detail [3]–
[6].  

Therefore, our group aimed to develop a needle insertion 
robot to assist with cancer vaccine administration, particularly 
focusing on lower abdominal puncture. When an extra-fine 
needle is inserted into a lymph node at the lower abdomen, it 
will pass through multiple tissues, such as the skin, fat, muscle, 
and large and small bowels, which have diverse properties. In 
particular, membranous organs, such as the intestine, differ 
significantly from parenchymal organs, such as muscles, in 
terms of undergoing tissue deformation and forming needle 
force patterns during needle insertion.  

In recent years, considerable research has been conducted 
on steering the needle tip with axial rotation [7]–[9]. It is 
necessary to obtain real-time information on the position of the 
needle tip and tumor to control the needle tip. Several control 
methods have been proposed based on the information 
obtained using ultrasound diagnostic equipment. However, the 
application of diagnostic ultrasound equipment is complicated 
because intestinal gas causes the attenuation of ultrasound. 

Hence, it is essential to apply computed tomography (CT), 
which can capture clear images of deep parts of the body to 
help guide the needle insertion. Furthermore, CT uses ionizing 
radiation. Hence, accurate needle insertion into the tumor 
under low-frequency CT imaging is crucial for effectively 
minimizing the number of scans required to determine the 
position of needle insertion. 

In previous studies, the estimation of needle deflections 
was based on tissue properties, such as needle insertion speeds, 
insertion reaction forces around the needle tip and needle shaft, 
and viscoelastic forces [7], [10]–[12]. In multiple insertion 
simulations, models were developed based on the assumption 
that the tissue surface, tissue deformation, and insertion force 
required to break tissue viscoelasticity are constant. However, 
actual biomaterials have uncertain properties such as 
heterogeneity and nonlinearity. As the interaction forces 
between the needle and the tissue vary owing to unexpected 
tissue, blood vessels, and membrane ruptures, as well as  
needle tip slipping, the needle often cannot be inserted along 
the ideal insertion path. Because of all these uncertain factors,  
it is impractical to develop a method to estimate needle 
deflections accurately. In particular, when inserting a needle 
into the abdomen, there are numerous uncertainties because 
the insertion path includes the intestines. 

Therefore, when inserting a needle specific for the lower 
abdomen into a lymph node, we need to make a pre-operative 
plan based on CT images, minimize needle insertion 
deflections, and adopt an approach that inserts an extra-fine 
needle in a straight direction. Therefore, it is essential to 
develop a control method that ensures minimal needle 
deflections and optimizes the insertion position. However,              
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improper insertion speed, insertion angle, respiratory 
variability, and the use of extra-fine needles can cause needle 
deflections and reduce insertion accuracy during insertion. 
Previous studies have shown that the insertion angle causes 
nonuniformity in the reaction force from the tissue, resulting 
in needle deflections and slippage [13]–[16]. Meanwhile, it has 
been reported that insertion speed causes deflections [17]–[21]. 
While needle deflections can be minimized by performing 
high-speed insertion with 18G needles [18], high-speed 
insertion cannot be used for extra-fine needle insertion due to 
needle breakage and buckling. While a study suggests that 
needle deflections increase with rising insertion speeds for soft 
tissues [20], another study suggested that there is a specific 
critical insertion speed at which needle deflections are 
minimized with increasing insertion speed for transrectal 
prostate brachytherapy [21]. These studies investigated the 
relationship between insertion speeds and deflections and did 
not determine an optimal insertion speed. Thus, we believe 
that different organs require different optimal insertion speeds 
and have different propensities for increasing the insertion 
speed. In addition, longer insertion times are considered to 
lower insertion accuracy because needle deflections are 
strongly affected by respiratory variability. Therefore, it is 
necessary to take countermeasures such as considering the 
insertion speed. However, it is currently set based on empirical 
rules. 

 In this study, we evaluated insertion deflections in 
different organs at various insertion angles with varying 
insertion speeds, and experimentally clarified the optimal 
insertion speed for organs with. Previously, we have 
confirmed that needle deflections can be reduced by adding bi-
directional rotation and progressive vibration to the needle 
[13]. Therefore, we added these techniques to all the needle 
insertions in this study. Furthermore, an insertion planning 
system relying on appropriate insertion speeds for each organ 
was devised to improve insertion accuracy and reduce time. 
The system’s goal is to reduce the burden on the physicians 
using the system. The main technology of the insertion 
planning system is the automatic identification of organ types 
and boundaries on CT images. 

II. EFFECTS OF INSERTION SPEED 

A. Experimental Setup 

Fig. 1 describes the experimental setup used in this study. 

Fig. 1 (a) depicts a plate with four square holes used in 

experiments. Fig. 1(b) shows the needle being inserted into 

an organ whose displacement is restricted by agar fixed to a 

plate and placed around the organ. The needle is punctured so 

that it passes through the four holes in the plate, the plate is 

drilled with four square holes so that the needle does not 

follow the same insertion path even if the number of insertion 

attempts is high. Fig. 1 (c) depicts an experimental system in 

which insertion deflections were measured by photographing 

the needle from two orthogonal directions. An example of an 

image captured by the camera is shown in Fig. 1 (d). As 

illustrated in Fig. 2, insertions were performed with an organ 

not on the plate and with the organ on the plate, respectively, 

and needle deflections were determined by calculating the 

distance between the needle tip at the ideal point and the real 

point. Two-dimensional deflections could be calculated from 

the images taken by the cameras, and three-dimensional 

deflections could be calculated from the two-dimensional 

deflections calculated by each camera by taking images from 

two orthogonal directions using the Pythagorean theorem.  

We have been developing a robot that puncture the 

abdomen [13]–[16]. Therefore, in this study, we targeted the 

liver and kidney, the major organs of the abdomen, as well as 

fat and muscle, tissues that a needle punctures through during 

the insertion. Hence, insertion tests with bi-directional 

rotation and progressive vibration added to 25-gauge needles 

were performed on the fat, muscle, liver, and kidney of pigs, 

which have body structures similar to those in humans. For 

each organ, the insertion angle was 0°, and the insertion 

distance was 80 mm, which allowed passage through all 

organs. The insertion distance was the vertical distance in the 

insertion, and the insertion depth after passing through the 

organs was fixed at 30 mm. The insertion speed varied from 

Figure 2. Method of calculating needle deflection.  

(a) Measure ideal needle tip position by passing the needle 

through the hole in the plate without placing the organ. 

(b) The organ is fixed on a plate and a needle insertion is 

performed to measure the needle tip position at which 

deflection occurs. 

(c) Needle deflection is calculated by calculating the distance 

between the ideal needle tip position and the needle tip 

position where deflection actually occurred. 

(a)                                     (b)                                 (c) 

(a)                                                       (b) 

Figure 1. Experimental setup. 

(a) A plate with four square holes was used in experiments. 

(b) Needle insertion was performed on an organ fixed on a 

plate with four square holes. 

(c) Needle deflection was measured in the experimental 

system using two cameras. 

(d) Examples of images acquired by the cameras. 

Camera  Camera 

(c)                                                           (d) 
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2 to 20 mm/s in 2-mm/s increments, and 12 insertion tests 

were performed under each condition. In the case of a tumor 

with a diameter of 10 mm, the needle’s deflection for 

sufficient insertion is 2.50 mm. Three samples were prepared 

for each organ, and insertion were made at four different sites 

in each sample. The experiments were performed at room 

temperature. 

B. Results on Pig Fat 

For the relationship between insertion speeds and needle 

deflections in the insertion tests on a pig fat (data not shown), 

the Pearson correlation coefficient was 0.236. Thus, there was 

no significant difference between the two. The mean needle 

deflection was 1.62 mm. The mean needle deflection reached 

the maximum at insertion speed of 18 mm/s, its value was 

2.00 mm and less than 2.50 mm. Thus, a faster insertion speed 

can improve the efficiency of puncturing into pig fat without 

significantly decreasing insertion accuracy.  

C. Results on Pig Liver 

 For the relationship between insertion speeds and needle 

deflections in the insertion tests on the pig liver (data not 

shown), the Pearson correlation coefficient was 0.118. Thus, 

there was no significant difference between the two. The 

mean value of needle deflection was 1.58 mm. The mean 

needle deflection reached the maximum at the insertion speed 

of 12 mm/s, its value was 1.74 mm and less than 2.50 mm. 

Thus, a faster insertion speed can improve the insertion 

efficiency of pig liver without significantly decreasing 

insertion accuracy.  

D. Results on Pig Kidney 

The relationship between insertion speeds and needle 

deflections when the needle was inserted into a pig kidney is 

shown in Fig. 3. The trend of the changes in insertion speeds 

was divided into two ranges: 2–12 mm/s and 14–20 mm/s. The 

Kolmogorov–Smirnov test was performed for both ranges. In 

the 2–12 mm/s range, the p-value was 0.001, indicating a 

significant difference in needle deflections. In this range, 

needle deflections decreased with increasing insertion speeds. 

In the second range between 14–20 mm/s, the p-value was 

0.009, also revealing a significant difference in needle 

deflections. In this range, needle deflections increased with 

increasing insertion speeds. Therefore, the mean needle 

deflection at an insertion speed of 12 mm/s was 1.84 mm, 

which was found to be an optimal insertion speed if 

prioritizing insertion accuracy. 

E. Experiment on Pig Muscle 

Fig. 4 depicts the relationship between insertion speeds 

and needle deflections when the needle is inserted into pig 

muscle. Similar to the previous section, the trend of change in 

the needle deflections was divided into two ranges: 2–10 mm/s 

and 12–20 mm/s. The Kolmogorov–Smirnov test was 

performed for both ranges. The first range exhibited the p- 

value of 0.001, indicating a significant difference in needle 

deflections. In this range, needle deflections decreased with 

increasing insertion speeds. In the second range, the p-value 

was 0.020, indicating a negligible equal variance. Therefore, a 

durability test of mean equivalence (Welch’s test) was 

conducted, which resulted in the p-value of 0.007, revealing a 

significant difference. In this range, needle deflections 

increased with increasing insertion speeds. Therefore, the 

mean needle deflection at an insertion speed of 10 mm/s was 

1.25 mm, which was found to be an optimal insertion speed if 

prioritizing insertion accuracy. 

F. Discussion 

No critical insertion speed was found for needle deflections 
in pig fat and liver at an insertion angle of 0°.  Since pig fat 
and liver are soft, it was thought that the rupture stress would 
be low and that even slow insertion speeds could add sufficient 
force to cut the tissue. Even if the insertion speed was 
increased, no significant increase in deflections was expected 
to occur because the reaction force that caused deflections in 
soft organs was small. 

In contrast, a critical insertion speed was found for needle 
deflection at an insertion angle of 0° in pig kidney and muscle. 
Because pig fat and liver were hard, the rupture stress was high, 
so it would take time to cut the tissue at insertion speeds less 
than the critical insertion speed; the time taken would cause 
needle deflections. Therefore, increasing the insertion speed 
was thought to ease the cutting of the tissue and reduce needle 
deflections. Conversely, if the insertion speed was increased 
excessively, needle deflection was thought to increase 
significantly because the reaction force causing deflections in 
hard organs would increase. 

Figure 4. Relationship between insertion speeds and needle  

deflections in pig muscle. 
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Figure 3. Relationship between insertion speeds and needle  

deflections in the pig kidney. 

D
ef

le
ct

io
n

 (
m

m
) 

** p < 0.01 

294



  

III. EFFECTS OF THE INSERTION ANGLE 

A.  Experimental Setup 

In this section, we tested whether the optimal insertion 
speed for an organ would alter with changing insertion angles. 
The experiments described in this section were conducted 
using the experimental system described in the previous 
section. Again, the relationship between insertion angles and 
needle deflections was investigated using pig fat, muscle, 
kidney, and liver. In this section, the same insertion tests as in 
the previous section were performed at six different insertion 
speeds (2, 4, 6, 8, 10, and 20 mm/s) at four different insertion 
angles ( 0°, 15°, 30°, and 45°), and 12 insertion experiments 
were conducted for each condition. 

B. Results on Pig Fat 

Fig. 5 illustrates the relationship between needle 
deflections and the combination of insertion speeds and 
insertion angles when pig fat was punctured. The mean needle 
deflections 1.53, 2.65, 3.77, and 6.10 mm for insertion angles 
at 0°, 15°, 30°, and 45°, respectively. The p-value of the 
Gisser–Greenhouse correction from 0° to 45° was less than 
0.001, suggesting a significant difference. Also, the p-value of 
the Bonferroni’s multiple comparison test between 0° and 15°, 
15° and 30°, and 30° and 45° was less than 0.001, indicating a 
significant difference. Thus, needle deflections appeared to 
increase as the insertion angles increased. In addition, the 
changing behavior of needle deflections with increasing 
insertion speeds varied for different insertion angles. At an 
insertion angle of 15°, needle deflections only at 6, 10, and 20 
mm/s were less than 2.5 mm. At other insertion speeds, needle 
deflections were greater than 2.5 mm. At 30° and 45°, needle 
deflections were greater than 2.5 mm under both conditions. 

C.  Results on Pig Liver 

Fig. 6 depicts the relationship between needle deflections 
and the combination of insertion speeds and insertion angles 
when the pig liver was punctured. The mean needle deflections 
were 1.55, 3.10, 4.39, and 12.19 mm for insertion angles at 0°, 
15°, 30°, and 45°, respectively. The p-value of the Gisser–
Greenhouse correction from 0° to 45° was less than 0.001, 
indicating a significant difference. In addition, the p-value of 
Bonferroni’s multiple comparison test p-value between 0° and 
15°, 15° and 30°,  and 30° and 45° was less than 0.001, 
suggesting a significant difference. Thus, needle deflections 
appeared to increase as the insertion angles increased. 
Additionally, the changing behavior of needle deflections with 
increasing insertion speeds was different for insertion angles. 
At the insertion angle of 15°, needle deflections were less than 
2.5 mm only at 2 and 4 mm/s. At other insertion speeds, needle 
deflections were greater than 2.5 mm. At 30° and 45°, needle 
deflections were greater than 2.5 mm. 

D.  Results on Pig Kidney 

Fig. 7 describes the relationship between needle 
deflections and the combination of insertion speeds and 
insertion angles when the pig kidney was punctured. The mean 
needle deflections were 2.87, 2.83, 4.38, and 7.32 mm, for 
insertion angles at 0°, 15°, 30°, and 45°, respectively. The p-
value for Gisser–Greenhouse correction p-value from 0° to 45° 
was less than 0.001, suggesting a significant difference. In 

addition, the p-value of Bonferroni’s multiple comparison test 
p-value between 0° and 15° was 1.000, indicating no 
significant difference. The p-value for Bonferroni’s multiple 
comparison test between 15° and 30°,  and 30° and 45° was 
less than 0.001, noting a significant difference. Thus, needle 
deflections were not significantly affected by small insertion 

Figure 5. Needle deflections due to the combination of insertion 

angles and insertion speeds in pig fat. The legend in the  

upper right corner of the figure indicates the four 

insertion angles (0°, 15°, 30°, and 45°). 
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0° to 45° : Greenhouse-Geisser  p < 0.001 ** 
0° and 15° : Bonferroni  p < 0.001 ** 

15° and 30° : Bonferroni  p < 0.001 ** 

30° and 45° : Bonferroni  p < 0.001 ** 
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0° to 45° : Greenhouse-Geisser  p < 0.001 ** 
0° and 15° : Bonferroni  p < 0.001 ** 
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D
ef

le
ct

io
n

 (
m

m
) 

Figure 6. Needle deflections due to the combination of insertion 

angles and insertion speeds in pig liver. The legend in the  

upper right corner of the figure indicates the four 

insertion angles (0°, 15°, 30°, and 45°). 
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Figure 7. Needle deflections due to the combination of insertion 

angles and insertion speeds in pig kidney. The legend in 

the  upper right corner of the figure indicates the four 

insertion angles (0°, 15°, 30°, and 45°). 

0° to 45° : Greenhouse-Geisser  p < 0.001 ** 
0° and 15° : Bonferroni  p = 1.000  n.s.(not significant) 

15° and 30° : Bonferroni  p < 0.001 ** 

30° and 45° : Bonferroni  p < 0.001 ** 
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angles, such as 0° and 15°, and increased with larger insertion 
angles, such as 30° and 45°. In addition, the changing behavior 
of needle deflections with increasing insertion speeds was 
different for insertion angles. At the insertion angle of 0°, 
needle deflections were less than 2.5 mm only at 10 mm/s. At 
15°, needle deflections were less than 2.5 mm only at 4, 6, and 
8 mm/s. At other insertion speeds, needle deflections were 
greater than 2.5 mm. At 30° and 45°, needle deflections were 
greater than 2.5 mm. 

E.  Results on Pig Muscle 

Fig. 8 illustrates the relationship between needle 
deflections and the combination of insertion speeds and 
insertion angles when pig muscle was punctured. The mean 
needle deflections were 1.99, 2.18, 3.07, and 4.82 mm for 
insertion angles at 0°, 15°, 30°, and 45°, respectively. The p-
value for Gisser–Greenhouse correction from 0° to 45° was 
less than 0.001, noting a significant difference. In addition, the 
p-value of Bonferroni’s multiple comparison test between 0° 
and 15° was 0.053, suggesting no significant difference. The 
p-value of Bonferroni’s multiple comparison test between 15° 
and 30°,  and 30° and 45° was less than 0.001, suggesting a 
significant difference. Thus, needle deflections were not 
significantly affected by small insertion angles, such as 0° and 
15°, and increased with larger increasing insertion angles, such 
as 30° and 45°. Additionally, the changing behavior of needle 
deflections with increasing insertion speeds was different for 
insertion angles. At the insertion angle of 0°, needle 
deflections were less than 2.5 mm only at 2, 4, 6, 8, and 10 
mm/s. At the insertion angle of 15°, needle deflections were 
less than 2.5 mm only at 4, 6, 8, 10, and 20 mm/s. At other 
insertion speeds, needle deflections were greater than 2.5 mm. 
At 30° and 45°, needle deflections were greater than 2.5 mm.  

F.  Discussion 

As for pig fat and liver, needle deflections significantly 
increased with increasing insertion angles. These organs are 
soft. Therefore, they were thought to slide easily on the surface 
even at small insertion angles. 

Regarding the pig kidney and muscle, no significant needle 
deflections were observed between 0° and 15°, but needle 
deflections increased with larger insertion angles above 15°. 
These organs are hard. Therefore, it was thought that the 

reaction force on the needle might stop it from slipping on the 
surface of these organs when the insertion angle was small.  

IV. DERIVATION OF THE OPTIMAL INSERTION SPEED 

The relationship between the needle deflections and 
combined insertion speeds and insertion angles in the organs 
is then summarized. Fig. 9 shows the mean needle deflections 
for various combination of insertion speeds and angles for 
each organ. In the case of a cancer tumor with a diameter of 10 
mm, a needle deflection of 2.5 mm or less is sufficient. 
Meanwhile, a needle deflection of 5.0 mm is an acceptable 
critical value. Therefore, a needle deflection of 2.5 mm or less 
is indicated in green (“Recommended”), a needle deflection 
between 2.5 and 5.0 mm is indicated in yellow (“Acceptable”), 
and a needle deflection of 5.0 mm or more is indicated in red 
(“Unacceptable”). In addition, of the “Recommended” 
conditions for each insertion angle, the condition with the 
fastest insertion speed is marked as “Adoption” and with a red 
rectangle. 

As for pig fat (Fig. 9 (a)), since all conditions were labeled 
“Recommended” at the insertion angle of 0°, insertion at the 
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Figure 8. Needle deflections due to the combination of insertion 

angles and insertion speeds in pig muscle. The legend in 

the  upper right corner of the figure indicates the four 

insertion angles (0°, 15°, 30°, and 45°). 

0° to 45° : Greenhouse-Geisser  p < 0.001 ** 
0° and 15° : Bonferroni  p = 0.053  n.s.(not significant) 

15° and 30° : Bonferroni  p < 0.001 ** 

30° and 45° : Bonferroni  p < 0.001 ** 

Figure 9. Mean needle deflections for combination of insertion speeds 

and angles for (a) fat, (b) liver, (c) kidney, and (d) muscle 

of pigs. 

(a) Pig fat 

(b) Pig liver 

(c) Pig kidney 

(d) Pig muscle 
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fastest insertion speed of 20 mm/s was both accurate and 
efficient. At 15°, insertion at 6, 10, and 20 mm/s were labeled 
“Recommended,” so insertion at 20 mm/s, the fastest insertion 
speed, was the best way to achieve accuracy as well as 
efficiency.  

As for the pig liver (Fig. 9 (b)), since all conditions were 
labeled “Recommended” at the insertion angle of 0°, insertion 
at the fastest insertion speed of 20 mm/s was both accurate and 
efficient. At 15°, insertion at 2 and 4 mm/s were labeled 
“Recommended”, so insertion at 4 mm/s, the fastest insertion 
speed, was the best way to achieve accuracy as well as 
efficiency.  

As for the pig kidney (Fig. 9 (c)), since a condition with an 
insertion speed of 10 mm/s was labeled “Recommended” at an 
insertion angle of 0°, insertion at the insertion speed of 10 
mm/s was both accurate and efficient. At 15°, insertion at 4, 6, 
and 8 mm/s were labeled “Recommended”, so insertion at 8 
mm/s, the fastest insertion speed, was the best way to achieve 
accuracy as well as efficiency.  

Regarding pig muscles (Fig. 9 (d)), since conditions that 
insertion speeds were 2, 4, 6, 8, and 10 mm/s were labeled 
“Recommended” at an insertion angle of 0°, insertion at the 
fastest insertion speed of 10 mm/s was both accurate and 
efficient. At 15°, insertions at 4, 6, 8, 10 and 20 mm/s were 
labeled “Recommended”, so insertion at 20 mm/s, which was 
the fastest insertion speed, was the best way to achieve 
accuracy as well as efficiency.  

For all organs, insertion errors were observed to increase 
at larger angles of 30° and 45°. It is thought that larger angles 
increase the lateral reaction force at the needle tip, which 
increases deflection. On the other hand, when using angles 
such as 30° or 45° in practical use, it is necessary to take an 
angle that causes insertion errors in other organs in order to 
cancel insertion errors that occur in specific organs. 

V. CONCLUSION 

This study aimed to derive insertion speeds that could be 
both accurate and efficient for pig liver, kidney, fat, and 
muscle. Insertion tests were performed on each organ under 
conditions of 0° insertion angles and varying insertion speeds. 
There was no significant difference in deflections with 
increasing insertion speeds in pig fat or liver. A critical 
insertion speed minimizing needle deflections existed in pig 
kidney and muscle. These differences in the organ’s 
characteristics were thought to be due to their differences in 
hardness. In addition, insertion tests were performed under 
conditions in which the insertion angles and the insertion 
speeds were varied. In the pig fat and liver, needle deflections 
significantly increased with increasing insertion angles. In the 
pig kidney and muscle, needle deflections significantly 
increased with increasing insertion angles above 15°. These 
results were used to derive the optimal insertion speed for 
puncturing the pig kidney, liver, fat, and muscle. 

In the future, it is necessary to derive optimal insertion 
speed for the the other organs. Additionally, since it is 
desirable to use insertion planning in combination with organ 
segmentation techniques using CT images to select optimal 
insertion speed, the development and verification of the 
automatic insertion speed-setting system will be undertaken. 
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