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Abstract. The use of virtual reality techniques opens up new perspectives to sup-
port and improve the puncture training in medical education. In this work a 3D
VR-Simulator for the training of lumbar and ascites punctures has been extended to
support the bending of the puncture needle. For this purpose the needle is designed
as an angular spring model. The forces that restrict the user from bending the nee-
dle are calculated using a multiproxy technique and given to the user via a 6DOF
haptic device (Sensable Phantom Premium 1.5). Proxy based haptic volume ren-
dering is used to calculate the proxy movement. This way it is possible to integrate
original CT-patient data into the rendering process and generate forces from struc-
tures that have not been segmented. The bending technique has been integrated in a
VR-training system for puncture interventions and shows good results concerning
update rate and user acceptance.

Keywords. Needle Bending, Procedure simulation, Surgical Simulation, Visualization,
Virtual Reality, Haptic feedback, Lumbar puncture

1. Background

The approaches presented are used in a VR-training system for puncture interventions
that enables the training and evaluation of lumbar [1] and ascites punctures. Usually,
these puncturing techniques are trained directly on the patient. The motivation for the de-
velopment of a virtual reality training system for these puncture interventions is to gain
experience on a cheap system without risking the patient’s health. The trainee can also
get new insights into the human anatomy. During a real puncture it is sometimes difficult
to reach the target following a straight line. However the physician can try to reach the
target by bending the needle. To enable this modus operandi for the simulation our punc-
turing system has been extended by a 3D needle bending algorithm that makes use of a
6DOF haptic device. The use of a 6DOF haptic device, the extension to a 3D bending
algorithm that is coupled to a multiproxy based haptic volume rendering and the recently
implemented application to ascites puncture distinguishes from the work presented in [2]
and from other approaches working on puncture or anaesthetic simulation [3,4,5].
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Figure 1. Angular spring model connected to multiple proxies.

2. Toolsand Methods

In the following the realization of the needle bending simulation is described. The vir-
tual reality puncture training framework is based on a haptic, a visual and an evaluation
component. The haptic component renders the forces that affect the needle during the
insertion. A force feedback device with six degrees of freedom (Sensable Phantom Pre-
mium 1.5) is used for the haptic 1/0. As a 3D extension of the work of Dehghan et al. [2]
the needle is modeled as a set of rods connected by angular springs (fig. 1). The bending
of the needle is given by the angles &@; at the rod connections. The iterative computation
scheme

att=> "M} /k )
J>i

computes the angles. & is the angular spring constant and
M} /k = Lij x fj )

is the torque induced on the spring &; by the lever arm Eij and the force f; The forces
acting on the needle are generated using a multiproxy approach where each rod connec-
tion Z; is linked to a proxy Zp; (fig. 1). The forces f; that sum up to the force passed to
the user are defined as

fi = —k|Z; — @] ©)

The restriction of the proxy movement depends on the position of the proxy. The proxies
Zp1 10 Zpn—1 are restricted to move on a line given by the insertion point and angle of
insertion at the moment the needle pierced the skin. Furthermore a viscosity effect that
is generated depending on the current tissue they lie in is applied. The proxy &, is re-
stricted according to a proxy-based haptic volume rendering approach that has been ex-
tended to combine structure information extracted from original CT data with segmented
label data [1]. This way the haptic rendering of small unsegmented structures is enabled
and extends the haptic impression calculated from the skin, bone, muscle or fat label data.
The visual component (fig. 2) is built of a 3D view with optional stereo view showing
the puncture scene. Additional assistance visualizations enable insights into the human
anatomy by showing 2D slices of the virtual body or 3D visualizations with transparent
organs or special perspectives like a needle cam. The evaluation component rates the
success of the needle insertion and gives the user a feedback. This is done by comparing
the user’s needle paths to expert defined optimal paths for the puncture intervention.



Figure 2. Graphical user interface and webcam snapshot of the haptic device. Orthogonal slices of the CT—
dataset are shown on the right. An assistance needle cam view shows the tip of the needle from a side view.
The virtual body is shown with transparent skin. The bending of a needle with a very weak spring constant is
illustrated by the comparison to a yellow line showing the original needle direction.

3. Results

The proposed algorithms are used in a training system for lumbar and ascites punctures
(fig. 2). This training system has proved to have a high user acceptance. Together with the
recently developed bending extension the haptic component is able to serve a sufficient
force update rate of about 1500 H z on a dual Xeon machine with the number of needle
segments (rods) set to 19.

4. Discussion

The use of virtual reality techniques opens up new perspectives for supporting and im-
proving the puncture training in medical education. We integrated a needle bending ap-
proach using a multiproxy technique for enhancing the realism of a puncture simulator.
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