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Background
- Necessity of MIS

(1) To decrease the load to the muscles and
the soft tissues

__Arthroplasty |

(2} To start the earlier rehabilitation and to
reduce the staying period in the hospital

increase of minimally invasive surgery (MIS)

MIS | [Necessity of computer-integrated surgery

(1) Small incision increases the difficulty
(2) Increase of error for implant position and
posture a0
.

Computer-infegrated surgery for MIS arthroplasty

Conventional ~ MIS
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Requirements for minimally invasive
Qrthap@dac surgery

Less mvassveness! /[ Precision I\

« Small incision: "Iess than : Shap@_' i 'cauracy of th@
100 mm s setting plane for the

artificial joint: angfe error:
less than 2’-fdeg _ pas:t;on
error: iass;_f 1an 2 mm

» Liess invasiveness to the
soft tissue and the bone

N e .. E;;ffzcuity of the c:{_'_tt ing. t@o
' H Eﬁsc emy e

]

7-axis bone cutting machine tool

Mechanism (1) The machine has
o g C-arm type
structure. It
provides adequate
workspace and a
view for a surgeon.

7-axis: 3 rotational,
3 precise
translational and 1
coarse translational
axes are
implemented.

ant

The redundant axis enables the avoidance of
collisions with the surrounding tissues during the
surgical operation, and minimizes invasiveness.

Cuttiné tool tip does not
move during the rotation.

51




For the weight reduction

Block Ball sCrew

¢ Linear guide made of CFRP is installed at the U-axis of the bone
cutting robot.

= Total weight can be significantly reduced by reducing the weight at
the tip part of the bone cutting machine tool.

The other features of the bone cutting
machine tool
# The role of each degree of freedom is clearly determined.
This makes it easy for a surgeon to predict the motion of the

bone cutting machine tool, and operate it. The safety of the
patient and the surgeon are assured.

# The axes of all degrees of freedom intersect at the same
point. Therefore, even when a posture change of cutting tool
is required, the other axis does not move. Consequently,
bone cutting is performed safely and precisely.

The spindle is covered with a sleeve so that only the cutting
tool tip contacts the bone surface

5}?{}?\?&% o
e i .
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Preoperative planning system

Required functions:
# Bone shape determination function for MIS

- CAD function by determining the size and the
position/orientation of the artificial joint.

# Supporting function for the high accuracy cutting
— Ex.: by abstracting the feature points of the bone
# User interface with high operability

— It is preferable that the preoperative planning should
finish within 15 min,

Presentation of the diseased part and
the preoperative planning system

Command area which

varies depending on

the process:

- preliminary process,

- determination of front
direction of the femur,
etc.

¢ Slider to éhanga
| the cross section
L position

Tas

Patient information
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Separation of the femur and the tibia

Femur area

Planning for the femur (Determination of
the front direction of the femur)

‘Rotational operation is feasible
to determine the anatomical
front direction of the femur
using the feature points

It'is possible to change the
crossing point of the load axis at
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Planning for the femur (Determination of the
size and setting position of the artificial joint)

Setting position can be confirmed
! by presenting the cross section of
he artificial joint

Planning for the tibia (Determination of
the front direction of the tibia)

| Rotational operation is feasible
| to determine the anatomical

| front direction of the tibia using
he feature points
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Planning for the libia (Determination of the size
and setting position of the artificial joint)

Setting position can be
confirmed by presenting the
cross section of the artificial
joint

Confirmation of the alignment for the
femur and the tibia

it is possible to vary the -
thickness of the
polyethylene insert.
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System construction

___Software Hardware
{1} Extraction of
bone surface

. (2) Characteristic
points

.'(3) Implant size

{4y tmplant position

Preoperative planning
systemn (CT-based)

(1) Registration
(2) Tool path

generation
(3) NC program
generation
intraoperative CAM system T - -
System configuration
Femoral registration point: 1

1. Center of Femoral Head
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Femoral registration points: 2 and 3

2. Medial Epicondyle

3. Lateral Epicondyle

Femoral registration points: 4-8

4. Intercondylar Notch
5. Most Deep Point of Groove

6. Posterior of Intercondylar Notch
7. Posterior Point of Lateral Condyle
8. Posterior Point of Medial Condyle
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ibia registration points: 1 and 2

1. Most Medial Point of Medial Malleolus
2. Most Lateral Point of Lateral Malleolus

Tibia registration points: 3 and 4

3. Medial Edge of Tibial Tuberosity
4. Lateral Edge of Tibial Tuberosity
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Tibia registration point. 5

1

5. Insertion of PCL
(posterior cruciate ligament)

Registration

infrared coordinate measurement
system was adopted to measure the
position and the posture of the bone.

# Matching of preplanned and
measured points during the surgery

G ey

# Position recognition of the bone
cutting machine tool




Registration using the surface information

Surface registration Point matching registration
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Femur (Side view)

i e

. sEbgimsE

1

<

Surface registration Point matching registration

Tibia (Front view)

Surface registration Point matching registration
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Tibia (Side view)

|

Surface registration Point matching registration

Coordinate system transformation

¢ The data éa C%HEEFGE the bone cutting machine ool is
generated as follows:  r. g cpmbDpEp iy
A= T

¢ "T: Transformation from coordinate systems m to .

- A: Local coordinate frame of the artificial joint, which is
fixed to each cut surface: The culling areas for the
femur and tibia are described with reference to A.

# B Artificial joint coordinate frame

# C:. Preoperative planning coordinate frame: The position
of the artificial knee joint, feature points and the shape
of femur and tibia are presented with reference to C,

& [ Bone coordinate frame
# E. Static coordinate frame
# F: Bone cutting machine tool coordinate frame
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System construction

I ;
Software Hardware |
we (1) Extraction of :

bone surface

{2) Characteristic
points

(3) Implant size

. v {4} Implant position
Preoperative planning
system (CT-based) System in an operation room

B,

{1} Registration - _CAD P_gi_an :

{2} Tool path
generation

(3} NC program

eneration L ay [ Postprocessor
g e T | and axiscontrol Ma’“fh_*?-‘-?

o™

Intraoperative CAM system

System configuration

With a 3-
dimensional -
optical pasition
sensor

The border of the area is measured as the
points for the opening plane.

Regression analysis is used for measured
data p;( i= ljn,.),

(2) Measurement of obstacles J(a.b.c)= Z (z; —ax; = by, —e)”

Area which culting tool should A = {)y%{ =0, Y {

not contact (soft tissue, nerves, i Ceﬁguiategb dc

vessels, elc.) is measured and

calculated. A plane z = ax + by + ¢ is oblained.
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Measurement of opening area

Calculation of opening area

Toolpath generation: Step2(1)

fi]

The machinable area is
caloulated at a given
cutling tool attitude
utilizing the cross
detection of the cutling
tool vector and the target
plane.

The resection plane is
divided into the triangle
patches Ki.

B Vertex vectors are set gi.

o

K
A local coordinate system S is sef on the
opening area.

Triangle patch Ki can be p={x v z) :offsetvector from the origin
presented as I =R(@E,MH0 0 1) attitude vector

(I—u—v)g, +uq, +vq,

0<uv<l The cgttmg tool vector can be presented as

pt-l
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Toolpath generation: Step2(2)

The following equation detects whether the paich is machinable:

| )

(“’r (G, —ds) (g, —G)) u
vy

{(Equation of Tomas Moller)

x(ﬁ“%}

The detection is executed for all patches.

When it is machinable, the
collision with interferences T/
(=1, ...) is checked.

# The offset vector p is varied on the opening plane with
the parameter of the tool attitude /1, and the machinable
area is calculated on the triangle patch Ki.

& An attitude [to maximize the evaluation function is
selected as the initial tool posture,

E(f’am:{

I (without collision)

0 (with collision)

JH=y [EQ pydrdy  x,y.p€S n
i
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Calculation of cutter location

avoidance

interference plane
o Y

Collision

Interference with. prah:b;fad ’Efssue:s;
are checked.

\v-’“ Warkpiece

Collision
Upper view Side view
Strategy of avoidance # Interference is avoided
with a minimal change
of the cutting tool
attitude

# The avoidance
direction is equal o the
normai vector of the
interference plane.

interference plane
- N

¢ ting tcz::c;-i A

bbbl e i) S, P

©
Upper view Side view
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Toolpath generation: Step3

Trajectory - Cutter location and frajectory

Concept of tool

~ Reéquirements -

(1) Less invasiveness
{2} Accuracy

(3) Precision

(4) Safety

. Strategy

(1) Shortincision length
(2) Less attitude change

path generation

Opening area

-
Sy
e
=9
=
8.
@
-
s}

. o

Resection part e

7

Attitude of the cutting
tool is changed actively

Opening area

Less attitude change |

i)

Easy to predict the attifude
and position of the tool

Resection part
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Prototype of proposed method: video

Setting plane of UKA Flow of focipath generation

Implementation: overview of the system

_ Software | _ Hardware

(1) Extraction of

- bone surface

(2) Characteristic
points

{3) Implant size

{4} Imptlant position

igation

Preoperative planning
system (CT-based) e

2§ e e GAD Polaris
(1) Registration : i
(2) Tool path
generation
(3) NC program

generation

pro
axis

st

I

Intraoperative CAM system

System configuration
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Experimental result:
Analysis of cutting resutlt

Angular error

Axis Error {deg.)
Epicondyle axis 1.8
Load axis (normal to 3)) 0.7

FPasition error of planes

Plane | Distance between local origin point
and CAM calculated (mm)
Distal 0.847
Posteriar 0.981

Angle error between adjacent planes

Evaluated Planed Measured Error
plane (deg.) {(deqg.) (deg.)
D=2 135.0 134.2 0.8
@3 120.0 120.3 0.3

Conclusions

& A medical CAD/CAM system has been developed to assist
a minimally invasive knee arthroplasty.

— In particular, a method was proposed to measure the

positions of soft tissues, and fo avoid any collision with these
obstacles.

— The system has a feature to provide safe operation by not

changing the posture of the bone cutting machine tool during
the surgical operation.

# A multi-axis bone cutting machine tool with safely,
sterilization and irrigation capability was implemented.

# Minimally invasive cutting experiment for a cadaver was
performed using the developed system.

~ The anguiar error from the load axis of the femur was less
than 2.0 deg.

-~ The maximum angle error of adjacent planes was
approximately 1.0 deg.

— The position error of the planes was less than 1 mm.
— The incision length was reduced to 100 mm.
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