A Prostate Brachytherapy Training Rehearsal System —
Simulation of Deformable Needle Insertion
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Abstract. Prostate cancer is the most common cancer diagnosed in men in the
United States.  Prostate brachytherapy - an advanced radiotherapy cancer
treatment in which radioactive seeds are placed directly in and around the
prostate tissues - is complicated by tissue forces that tend to deflect the treat-
ment needles from their intended positions. Medical simulation has proven use-
ful as a technique to enhance surgeons' training and procedure rehearsal. There-
fore we are developing a brachytherapy simulation system that includes visual
display and haptic feedback, with which a user can see and feel the procedure
of the therapy. In this paper, we describe a deformable needle insertion simula-
tion that is a part of our brachytherapy simulation system.

1 Introduction

Since high resolution tomographic image scanners, high performance imaging hard-
ware and comprehensive medical imaging software have become available, interac-
tive 3D visualization of the body, including all organs and their functions is used for
accurate anatomy and function mapping, enhanced diagnosis, accurate treatment
planning and rehearsal, and education/training [1][2]. Medical simulation is useful to
enhance surgeon training and procedure rehearsal. It may also reduce costs and allay
ethical concerns. For example, spinal nerve blocks [3], microsurgery [4], endoscopic
surgery [5] and catheter insertion [6], can be faithfully simulated using high-
resolution graphics, calculated deformation of tissue and organs and haptic feedback.
For a medical simulation system to be useful, realism is one of the most essential
factors to consider and provide. However, easy understanding of procedure and intui-
tive interface, and practice and repeat difficult and critical parts of procedures are also
very important. In addition, by measuring and recording the hand movement and
associated forces during a simulation, it is possible to make a database of each user’s
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technique and habits. This database could help trainees to check whether their hand
movement and force is the same as experts. Our objective is to make the simulation
system very realistic. From this point of view, we are constructing a brachytherapy
simulation system that faithfully incorporates the common tasks used in brachyther-
apy. The needle insertion procedure in prostate brachytherapy is not very complex,
but requires training and skill. Thus this feature is the first step to realize our eventual
objective of a complete brachytherapy procedure simulation. In this paper, we de-
scribe only this part of the system, namely our deformable needle insertion simula-
tion.

2 Brachytherapy

In the United States, there were 189,000 new cases of prostate cancer estimated dur-
ing 2002, and 30,200 deaths in 2002 making it the second leading cause of cancer
death in men [7]. Since there is an excellent blood test, prostate-specific antigen
(PSA), prostate cancer can be diagnosed at a very early stage. Brachytherapy is an
advanced cancer treatment using radioactive seeds or sources placed in the tumor
itself, giving a high radiation dose to the tumor while reducing the dose to surround-
ing healthy tissues in the body. Prostate cancer is well suited to it, since the prostate
gland is nestled under the bladder and in front of the rectum. This anatomic arrange-
ment makes external beam radiotherapy difficult, and it is imperative that the radia-
tion be focused on the prostate to avoid serious side effects [8].

2.1 Sequence of Brachytherapy - Operation Implant

A prostate brachytherapy includes a three-step process: (1) pretreatment planning, (2)
operative implant, and (3) post implant quality evaluation [9]. Since our training
rehearsal system supports operative implant procedure, we will explain this procedure
in detail.

Fig. 1. Brachytherapy Needle Insertion
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1) Setting: A fluoroscope, a rectal ultrasound probe in a patient body. The rectal ul-
trasound is movable so that doctors can check all inserted radiation seed positions,
three inches square template is attached to the ultrasound probe. The template has
holes every 0.5 cm through which doctors place needles.

2) Calibration: Two non-radioactive seeds are injected as reference markers for cali-
bration between pre-planned prostate position and current prostate position.

3) Needle insertion (Fig.1): Insert hollow needles with a removable metal insert. They
are placed through the template, through the skin, and into the prostate gland. The
doctors use the ultrasound monitor to check whether the needles are being placed
into the correct position or not.

4) Seed injection: Inject seeds throw hollow needles. As during needle insertion, the
doctors use the fluoroscopy monitor to check whether the seeds are being injected
to the correct position or not.

2.2 Needle Deflection

Since it is imperative in prostate brachytherapy that the radiation is focused not on the
other organs but only on the prostate to avoid serious side effects, precise needle
positioning is of primary importance.

The problem of needle insertion is needle deflection. It is not easy for surgeons to
precisely reach the planned target inside soft tissue with a needle because a thin nee-
dle can be deflected in the tissue and the needle also can deform the tissue itself, even
if surgeons attempt to lead the needle in a straight direction [10]. Moreover, since the
needle path encounters many different tissues of varying resilience, the net deflection
is difficult to predict. Therefore a simulation system of a deformable needle insertion
is helpful for surgeons and residents for training and rehearsal.

3  Materials and Methods

3.1 System Overview

Our Brachytherapy training rehearsal system consists of a display server and a haptic
server (Fig.2). The display server is a SGI workstation (SGI OCTANE) operating
under the IRIX6.5. Users can see 3D images of the prostate and other organs, a fluo-
roscopy image and an ultrasound image on the SGI display (Fig.3). All 3D models of
organs are constructed using the medical imaging software Analyze developed in our
laboratory, and visualized using OpenGL.

The haptic server is a PC (DELL Precision620) operating under the Windows
2000. We use a PHANToM (PHANTOM Premium 1.5) as a haptic device and
GHOST SDK 3.1 as programming software to simulate haptic feedback for needle
insertion. In our system, we put a real needle used in a brachytherapy procedure on
the end of the PHANToM s stick.
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Fig. 3. Visual Display: upper left is planned seed positions, upper right is a fluoroscope image,
lower left is a CG of prostate and needles, and lower right is ultrasound image
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To synchronize visual needle insertion and haptic feedback, the haptic server sends
the latest 3D position of the needle to visual server over TCP/IP. The haptic server
also sends user’s force to the needle to visual server to simulate needle deformation.
This network communication is established with CORBA (AT & T omniORB3.04),
the software for distributed computing.

3.2 Simulation of Needle Deflection

Visual Feedback

The prostate lies behind layers of fat, muscle, and soft tissue (Fig.4.). When the nee-
dles pass each layer, they encounter varying forces that may gradually deflect them.
In addition, the prostate and surrounding tissues are soft, so that the prostate itself is
movable. This prostate movement also causes needle deflection. It is very hard to
model this needle deflection exactly, since size of prostate, density and thickness of
each layer and prostate motility differs widely between patients. Surgeons cannot
always estimate how the needle will deform before the insertion, but they check how
the needle has deformed, and then remove it halfway and reinsert it. Therefore, our
focus is on modeling the appropriate magnitude and direction of deflection forces,
rather than predicting the exact deflection forces that a particular insertion path will
encounter.
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Fig. 4. Anatomy of prostate: Many layers of different structures and density cause needle de-
flection
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In our initial needle insertion simulation, when the needle passes a new layer, tis-
sues around the needle apply a fixed force. This force is randomly to each layer, and
these random series of forces may or may not produce significant needle deflection.
On reinsertion, the needle deformation is recalculated based on the previous needle
deflection, combined with the force direction and magnitude with which the user
pushes the needle to correct the needle position.

In our system, the needle deflection is visible in the ultrasound image and the fluo-
roscopy image. In a real needle insertion procedure, surgeons don’t check needle
deflection using the fluoroscopy image to reduce radiation from the fluoroscopy.
However, since the fluoroscopy image can show the whole needle deflection image,
the user can find needle deflection easier by using both of them. Therefore, in our
system, the user can use both images at first, and after they are more experienced,
they can turn off the fluoroscopy image.

Fig.5 shows results of needle deflection simulation in the ultrasound image and
fluoroscopy image.
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Fig. 5 Visual simulation result of deflected needle in the ultrasound image (left) and a fluoros-
copy image (right): A white spot in the ultrasound image is the tip of the needle

Haptic Feedback

Fig.6 shows the haptic feedback in our system. Two kinds of haptic feedback are
presented; one is to fingers that push needle into prostate, and another is to fingers of
the other hand that corrects needle deflection. When the needle passes each surface
between organs, a haptic feedback of puncture is provided to the fingers pushing the
needle. During needle reinsertion, half of the needle is already fixed with skin and
muscles. Therefore to correct needle deflection, surgeons push on the middle of the
needle behind the template with fingers of the other hand. This time, force feedback
is presented to the fingers in the opposite direction that the user pushes.

4 Evaluation

We are planning to evaluate our training rehearsal system from two aspects; the real-
ity and the usefulness for training.
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Fig. 6. Two kinds of haptic feedback are presented; one is to fingers that push the needle into
prostate, and another is to fingers that correct needle deflection

Firstly, we will have experienced urologists assessed the realism of force magni-
tudes and needle deformation width and visualization. We will then improve haptic
feedback and visual simulation of our initial system.

Secondly, we will evaluate improvement of residents’ performance by using our
training rehearsal system. Using our system, we will have experienced urologists
judge whether needle position is good enough or not. Since our system can measure
and save final deflection of the needle, we will gather all data of distance from
planned needle positions to inserted needles position, and average them. Based on
this result, all new needle deflection can be detected whether their positions are near
enough from the planned position. By using this detection, both residents’ needle
positioning quality and improvement of residents’ performance after using our system
can be assessed. We will assess improvement of three residents’ performance by
comparing results between first trial and third trial of our system. We will also dis-
cuss usability of our system from the results and the comments from the residents.

5 Conclusions and Future Plans

By using our deformable needle insertion training and rehearsal system, surgeons and
residents can train and rehearse needle insertion and correction of deflected needle
position by three visual feedbacks, CG of prostate and needles, the ultrasound image
and fluoroscopy image, and haptic feedback. We are planning to evaluate realism and
usefulness of our training rehearsal system by experienced urologists and residents.
Our next step is to complete these two evaluations and to add a seed injection training
procedures.
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