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Development of Cutting Simulation System for Microendoscopic Spine Surgery
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Abstract

Microendoscopic surgery, a minimally invasive technique
of spinal surgery, is in wide practice. In microendoscopic sur-
gery, a metal tube is inserted at the waist through an incision
of approximately 1.6 cm in such procedures as bone cutting
and muscle detachment while viewing an endoscopic image.
With this operation technique, muscle peel-off is small, and
bone compressing nerves can be cut away, allowing the
patient much shorter recovery time. However, since the field
of view is smaller than with large incisions, the surgeon can
easily misdetermine direction or misidentify the surgical site,
resulting in such serious medical errors as nerve or blood
vessel damage.

Currently, anatomical detail such as bones, blood vessels,
nerves, and the like around a surgical site is previewed with a
three-dimensional CT (computed tomography) or MRI (mag-
netic resonance imaging) image, but extensive know-how is
essential to a precise surgical plan while employing a small
field of view.

To facilitate detailed planning of microendoscopic sur-
gery, we developed a function generating and displaying a
simulated image whose field of view during an operation is
well reproduced. This is done via a virtual endoscope model
reflecting lens characteristics and stimulating blockage of
view by an endoscope’s guide instrument. We also devel-
oped a function simulating cutting in a three-dimensional
image. Experiment revealed great similarity between simu-
lated and actual microendoscopic images, and between sim-
ulated and actual cutting images of an experimental model.

With these functions, a patient’s anatomical features are
examined three-dimensionally while compensating for field
of view obstruction, allowing operation planning from diverse
points of view. The result is less bone cutting, minimal inva-
siveness, and shorter recovery.
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Fig. 1 Actual microendoscopic image of spinal surgery.
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Fig. 2 Orthographic and equidistant projections.
Volume rendering is performed with the lens characteristics, in
the direction of depth, of an endoscope lens precisely reflected,
based on equidistant projection. Microendoscopic image simula-
tion with higher reproducibility is thus achieved.

(a) Insertion point (image center)
(b) Simulated microendoscopic image (oblique angle from normal: 0°)
(c) Simulated microendoscopic image (oblique angle from normal: 25°)

Fig. 3 Simulated microendoscopic images from different angles.
The endoscope insertion point is shown in a three-dimensional
image with the arrow indicating the insertion point.
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View area of endoscope
with retractor

Image blocked by retractor

Fig.4 Schematic drawing of endoscope’s circular field of view with
tubular retractor blocking a crescent of that view.

Unblocked image

Image blocked by tubular
retractor (purple area)

Fig. 5 Simulated microendoscopic image.

T kD, BHENHEFMO 2L —varvics
W, L7787 =R EDORROMIEIC K > THIRS 71
LETICOVTIERZ WX I L, v AX 7 LIIREE
THERIE S LT, EBEONEGIHIGR &ML 7REE
Ty Ial—ravEiTHIZENTES,

3.2 fiTEBEHEIHIDRER
FEEEONEHETMIC B VT, TR 2 &Il
ZALE F CRHA S NRECHEBFM 2179 5403 H
5, TOXI)BMEOESFIANCE T AEEZEEL &
AR, EBCIIMIEZADIAD R OEE TRRT S
ZEIC B, LRy I aLb—avEHEmT 5 R
THE L BV, 2070, i 2 & Fio st Gt o i
& DT 2 A iE 2 SR AHIBRAZE & LTl d %, Fig. 6
WA EL & AL & offiZeE T 2612 R, LT
78— DS EBEHE T 270D R A v EEL
BT %, A4 v FORERREMEDRICAEDLE
M4 nBnEZ6NS, E51T, Fig. 6 TIFEHDARIC
RA YV FPEREEL T2, Ml AL > Z2EHET
%2 LT, BAMOB)E I Bl b RIS 5 2 &3]
Bt L7278 —%BET 2L 3XTEERPICE
FN2ERENOEMARNZT), 21T, 3RI0H
BicEEFN2FEEICHLT, LT 2y =
itz L7284 v b &, L 777 =D ARRE

ELTRET S,
Tubular retractor
travel directio/

Contact detection

© Contact detection points

Fig. 6 Multiple-point model detecting contact between tubular retrac-
tor and three-dimensional object.
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Fig. 7 Simulated contact between bone and tubular retractor.

The reddish area indicates where the tubular retractor contacts bone.
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7 Voxel y Cutting label R

: Not cut (to be displayed)

0 <R <1 : Partially cut (displayed with transparency
depending on R for three-dimensional display)
R=0 : Completely cut (not displayed at all)

Fig. 8 Voxel-based display control.
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Fig. 9 Bone cutting simulation.

Voxel-based display control makes it possible to simulate bone
under progressive cutting from the surface.
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Fig. 10 Experiment to evaluate similarity between actual and simulated
microendoscopic images.
The red dots represent a position that is the center of an microen-

doscopicimage when the endoscope is positioned a distance, D,
away from an object and perpendicular to the object. Evaluation
is performed when the endoscope is positioned the distance, D,
away from the object and the inclination, 6, inclined from the
perpendicular, and when the red point is at the center of the
endoscope field of view.

Actual microendoscopic image Simulated microendoscopic image

Fig. 11 Actual and simulated microendoscopic images in evaluation
experiment under identical conditions.

Fig. 12 Actual images and simulated microendoscopic images super-

posed, where 8 =0°and D =10 mm.

Table 1 Degree of similarity of each black cell under the condition of 6 =
0,D=10mm.

No. DSC
0.91
0.97
0.71
0.76
0.83
0.91

7 0.75
Average value 0.84

|| W[N]~

Table 2 Results of evaluating similarity between actual microendoscopic
image and simulated microendoscopic image under various
evaluation conditions.

0
0° 10° 20°
10 mm 0.84 0.81 0.78
b 20 mm 0.81 0.74 0.86

A;: Actual microendoscopic image of black cell
Bj: Simulated microendoscopic image of black cell
A;NB;: Overlap between actual and simulated microendoscopic images

Fig. 13 Areas used to calculate DSC (dice similarity coefficient).
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Fig. 14 Actual and simulated microendoscopic images partially blocked
by tubular retractor.
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Fig. 15 Lumber model subjected to cutting.
The red circled parts of L1 through L5 are subjected to cutting.

Fig. 16 Fusion of CT (computed tomography) volume data (blue) of lum-
ber model subjected to cutting and volume data of simulated
cutting (red) using the same diameter tool and tool path as
those for cutting model.

¢

(a) (b)
(a) Actual model subjected to cutting
(b) Simulated model subjected to cutting
(c) Fusion of simulated and actual models

Fig. 17 Slice images (axial cross-section) of L1 in Fig. 16.
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Table 3 Degree of similarity of each vertebra subjected to cutting.

L1 L2 L3 L4 L5
DSC 0.93 0.87 0.93 0.95 0.96
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Fig. 18 Corresponding actual and simulated microendoscopic images.

Fig. 19 Actual and simulated microendoscopicimages of lumber model,

where the images are of identical model.
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