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ABSTRACT

Due to an increased sitting time in work, lumbar disc disease is one of the most frequent dis-
eases in modern days, and this occasionally requires surgery for treatment. Endoscopic disc sur-
gery, one of the common disc surgeries, requires a process of inserting a guide needle to the
target disc for which the insertion path is manually planned by drawing lines on the patient’s
skin while monitoring the fluoroscopic view of the lumbar. Such procedure inevitably exposes
both surgeon and patient to the fluoroscopy radiation emitted from the c-arm for a long time. To
reduce the radiation exposure time, this study proposes a computer assisted method of calculat-
ing the 3D guide needle path by using 2D c-arm images of the disc in 3 different angles. Addi-
tionally, a method of the guide robot control based on the 3D needle path was developed by
implementing the Hand-eye Calibration method to calculate the transformation matrix between
the c-arm and robot base coordinate systems. The proposed system was then tested for its accu-

racy.

Key Words: C-arm/robot registration, Endoscopic disc surgery, Hand-eye calibration, Image

guided navigation
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Fig. 1 Mock up was developed to simulate a c-arm
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Fig. 2 C-arm mock up and robot setting for the system
calibration



C-arm G/ 79k 25 2T AP a8 913 71 = ks AR}l B A2 265

AEE WYt F A 9] BAE A
S Fole 2R A olEsh ks A9 =
918 & 2bel H3EA BAE HelSr.

1y 2

2.2.1 C-arm¥} 2% 742 337 37

Fig. 201 HO|ThA| 9], C-arm 5§ F3EA| ¢} 25
3 7ke] AAE AL SEiME Y #E
Aot Fhd et A 7] BA|, 28] 2 =
olHE EA S} A RE HEA 7he] BA AR
7} 3t} 012 9l Tsai®] Hand-eye Calibration
718 A&kt

C-arm 59 23A e} 7hl et 23EA 7-e] B
AXFsE7] $lsiAE Fig. 332+ 7o) WA 38
7191 NDI AF] Polaris Spectra (NDI, Canada)<}
YJoll 2 vAE o] &ate] 54 F|HFHS
_]

7] 1Eo® HolE Ssirh. Hol HAHL

N O S

C-arm oPT

Fig. 3 Optical tracker was used to calculate *’7; and *7,,
to determine 7,

C-arm base frame

~
e
~

~, eT”

T / \\ TP
hang Z __-A }

" ST ~3¥ hand
Positionl i %% 7\
N
4 Position2
camera‘,g\._ B__.———=7X :I
e /N camera

~,

Calibration frame

Fig. 4 The known transformation matrix, 7, and "7, are
used to calculate X by using Hand-eye Calibration
method of Tsai”
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Fig. 5 Experimental setting for the accuracy test of the
system (a). Setting of the markers for the
experiment (b)
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Fig. 6 Example of the calculated 3D trajectory of the
guide needle insertion path. The trajectory is
visualized through the developed planning
software user interface
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Table 1 Summary of the accuracy test of the system.
Errors shown on the table are the average of all
10 trials of the experiment. Each uncertainty
represents 1 standard deviation of the 10 trials

Position | Distance Error (mm) | Slope Error (radian)

1 16.05+3.12 0.060+0.010
2 13.53+2.29 0.060+0.016
25.64+£2.71 0.163 + 0.059
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