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Dental Surgery Simulation Using Haptic Feedback Device

Yoon Sang Yeun' - Sung Su Kyung™ - Shin Byeong Seok'

ABSTRACT

Virtual reality simulations are used for education and training in various fields, and are especially widely used in the medical field
recently. The education/training simulator consists of tactile/force feedback generation and image/sound output hardware that provides
a sense similar to a doctor's treatment of a real patient using real surgical tools, and software that produces realistic images and tactile
feedback. Existing simulators are complicated and expensive because they have to use various types of hardware to simulate various
surgical instruments used during surgery. In this paper, we propose a dental surgical simulation system using a force feedback device
and a morphable haptic controller. Haptic hardware determines whether the surgical tool collides with the surgical site and provides
a sense of resistance and vibration. In particular, haptic controllers that can be deformed, such as length changes and bending, can
express various senses felt depending on the shape of various surgical tools. When the user manipulates the haptic feedback device,
events such as movement of the haptic feedback device or button clicks are delivered to the simulation system, resulting in interaction
between dental surgical tools and oral internal models, and thus haptic feedback is delivered to the haptic feedback device. Using these
basic techniques, we provide a realistic training experience of impacted wisdom tooth extraction surgery, a representative dental surgery
technique, in a virtual environment represented by sophisticated three-dimensional models.
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Fig. 1. Configuration of the proposed simulation system. The force feedback device of our haptic feedback device transmits
the position and direction of the morphable haptic controller to the force feedback module of the simulator. The force feedback
module uses those data to calculate collisions between surgery tools and teeth or oral objects. In the event of collisions, it
activates the motor of the force feedback device to generate a force feedback. The MHC receives a string command delivered
through the controller morphing module of the simulator, changes its shape, and transmits data to the controller morphing module

when a button click event occurs.
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Fig. 2. Prototype of haptic feedback device. The MHC
consists of a handle that the user can hold and move and
a top connection unit to the arm of the force feedback
device with a button attached.
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Fig. 3. Components of the MHC. It consists of a length
change module with a built-in DC motor, a bending joint
with a built-in step motor, a vibration motor, and a button.
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Fig. 4. MHC morphing states. A is the state of increas—
ing the length of the MHC. B is a bending state of
the MHC.
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Fig. 5. Simulation results. A is a gum incision using a scalpel, B is a tooth cutting using a drill and
a suction device, C is a tooth separation using a dental mirror and a surgical forceps, D is a fragment
inhalation using a suction device, and E is a tooth dislocation using a dental mirror and a surgical elevator,
F is a gum suture using a surgical needle and a surgical forceps.

Fig. 7. Execution of the impacted wisdom tooth extraction surgery

Fig. 6. Surgical Environment from the Users Perspective. simulator. The red circle shows a deformation of the MHC.
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Table 1. Survey on Immersion and Educational Effectiveness of Simulation

Question contents
Question ©) ‘ ® ‘ ® ‘ @ ‘ ® ‘ ® ‘ @ ‘ ® ‘ ©® ‘ () ‘ Mean
number
Score
(1: Very No, 2: No, 3: Neutral, 4: Yes, 5: Very Yes)
Is the environment of the simulation(teeth model, operating room, etc.) similar to the actual surgical environment?
1
5 s | 4 | 4 | 4 s | 4 ] 4« ] 4 | s | 43
Are the actual surgical tools similar to the use of the surgical tools in the simulation?
2
i | 4 4 3| 4 4 3| 4 i | 4 | s
Is haptic feedback due to the shape change of the surgical tool in the simulation similar to the senses when
3 using actual surgical tools?
s | 4 | 4 | 4 ] s s | 4 | 4 | 3 | 4 | 38
A Does the simulation clearly inform the learner of the next surgical objective?
i« |4 | s ] 4 | s s | s |4 ] s [ s ] 43
Do you think this simulation will allow surgical trainees to understand the sequence of ambush wisdom tooth
5 extraction?
R T 4 5 5 | s | 4s
. Do you think each process of virtual surgery simulation will help trainees learn basic surgical tooling skills?
s | 4 [ 4 | 4 ] 4 s | s | 4 | s ] s [ 4
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