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Development and Accuracy Test of a Robot-arm Type Image-guided Surgery System
for Percutaneous Screw Fixation of the Sacro-iliac Joint

Jin Sup Yeom, M.D., Won Sik Choy", M.D., Hayong Kim*, Jong Won Kang", M.D., Kwang Won Lee*, M.D.,
Whoan Jeang Kim*, M.D., Jae Hoon Ahn®, M.D., Seong Kyu Park, M.D., Jong Hwa Won, M.D.,
Hyungmin Kim, M.S., Namkug Kim™*, M.S.

Department of Orthopedic Surgery, Seoul National University, Seoul, Korea,
Department of Orthopedic Surgery, Eulji University, Taejon, Korea”
Cybermed, Inc., Seoul, Korea™

Purpose: To develop a robot-arm type image-guided surgery system for percuatneous screw fixation of the sacro-iliac joint and to evaluate its
accuracy.

Materials and Methods: We have developed an image-guided surgery system using a three-dimensional digitizer (Microscribe 3-D G2,
Immersion, USA) and a personal computer. The registration error and target localization error at fiducial registration were measured 30 times for
each using a phantom made with plastic pelvic bone model (Sawbones, USA). Sixteen 6.5 mm cannulated screws were inserted into four plastic
bone models, and the accuracy was evaluated.

Results: The target localization error was 1.46+0.47 mm while the registration error was 0.73x0.23 mm. All of the 16 screws were inserted well
across the sacro-iliac joint, and there was neither cortical breach nor collision between screws or washers.

Conclusion: The accuracy of the developed system was similar to that of optical tracker-based navigation systems, and its helpfulness and
usefulness was proven with simulation surgery using plastic bone models.

Key Words: Sacro-iliac joint, Separation, Screw fixation, Image-guided surgery system, Intraoperative navigation system
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Fig. 1. The hardware components of the image-guided surgery system are shown.
(A) A robot-arm type three-dimensional digitizer is shown.
(B) A giude pin and its sheath are shown.

(C) The guide pin sheath is assembled with the stylus portion of the robot arm, and a guide pin is inserted in the sheath
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Fig. 2. The user interface of the planning software is shown.
(A) The trajectory of each screw can be planned using three-dimensional and multi-planar images.
(B) Virtual postoperative images can be reconstructed at any time during planning.
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o 2Q5= Al 1~23-0]t),

Fig. 3. The user interface of fiducial registration is shown. Using
multiplanar and three-dimensional images, the tips of the fiducial
pins are located. Thereafter, the tips of the real fiducial pins are
indicated by the robot arm. Then the software performs registra-
tion and displays the registration error.

Fig. 4. The user interface of the navigation software is shown.
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(A) The central axis of the guide pin is displayed on multi-planar and three-dimensional images along with a preoperatively planned trajectory.
(B) Autopilot function can guide a surgeon to insert screws easily as planned (the right upper window).
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