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(57) ABSTRACT

A method and a system for cutting the knee joint using a
robot. A cantilevered cutter is introduced into the knee joint
from inside and outside of upper and lower bones of the knee
joint to realize a tunnel cutting technique in which cutting is
conducted such that tunnels are defined in bone and remnant
bone is cleared. The cutter includes a shaft in which a sub-
stantial axial portion is fitted into a sleeve and a remaining
axial portion serves as a cantilever extending out of the sleeve,
and a head which is formed at a distal end of the shaft. A
length of the cantilever and a diameter of the head are deter-
mined to have minimum sizes as long as the head can be
introduced into bone in such a way as to define a tunnel and
can be moved in the bone while cutting the bone.
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METHOD AND SYSTEM FOR CUTTING
KNEE JOINT USING ROBOT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to surgery using a
robot, and more particularly, to a method and a system for
cutting the knee joint using a robot, wherein a surface, on
which an artificial joint is to be coupled to the knee joint, can
be formed with maximum safety and high precision in imple-
menting total knee replacement arthroplasty while minimiz-
ing the incision of the skin by the robot without causing
damage to the tissue around the patella.

[0003] 2. Description of the Related Art

[0004] Thesedays, as old age population increases, arthritis
and osteoporotic hip fracture tend to increase.

[0005] In this regard, by directly implementing knee
replacement arthroplasty rather than using an indirect therapy
such as parmacotherapy, physical therapy and intra-articular
injection therapy, which is mainly used in the past, early
mobilization is enabled without pain. Also, with the develop-
ment of joint mechanics, the lifetime of an artificial joint is
increased over 20 years.

[0006] In spite of the nonoperative treatment as conserva-
tive treatment such as parmacotherapy, physical therapy and
intra-articular injection therapy, when no symptom improve-
ment is observed and the change of the joint continuously
proceeds in such a way as to impede leading of everyday life,
operative treatment is conducted.

[0007] By appropriately selecting operative treatment
depending upon the age and the state of the joint, satisfactory
results can be obtained.

[0008] The operative treatment includes arthroscopy,
osteotomy, chondrocyte transplantation, and arthroplasty. A
serious patient must receive arthroplasty.

[0009] The indication of arthroplasty for arthritis is when a
patient’s leg is curved and the effect of a medicine immedi-
ately disappears and the patient feels a pain even after taking
the medicine.

[0010] In arthroplasty which is currently and directly con-
ducted by a surgeon, since bone milling is not precise, it is
difficult to precisely insert an artificial joint. Also, due to the
imprecise insertion of the artificial joint, various complica-
tions may arise, and because the lifetime of the artificial joint
is not so long, inconvenience is caused in that it is necessary
to conduct surgery again some time in the future.

[0011] Recently, dueto the development of a material and a
surgery technique, the lifetime of the artificial joint has been
increased over 20 years, and unicompartmental arthroplasty
is also conducted such that the knee is incised by only about
6~7 cm and only a portion of the knee joint suffering from
serious arthritis is replaced with an artificial joint.

[0012] The arthroplasty of the knee joint (which is the joint
placed among the lower end of the femur, the upper end of the
tibia, and the rear surface of the patella) is also called replace-
ment arthroplasty, knee joint replacement or total knee
replacement arthroplasty. The arthroplasty indicates the
replacement of the original knee joint with an artificial joint
made of faux metal, plastic or ceramic. Actually, the arthro-
plasty indicates the surgery of cutting the knee joint including
the cartilage which covers the end of the bone, by about 8~9
mm and inserting the artificial joint therein.

[0013] The existing arthroplasty is conducted in a manner
such that a master surgeon conducts surgery by milling out
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the bone directly using surgery instruments including a sur-
gical drill, etc. This approach requires a substantial amount of
incision of the skin and the flesh, and the precise milling of the
stronger bone and the minimization of the damage to the bone
are important in conducting the surgery. However, in the case
that master surgeon directly conduct surgery, since it is diffi-
cult to handle precisely the surgery instruments and mill
precisely the bone, an excessive amount of the bone is likely
to be damaged during the milling of the bone or surrounding
tissue is likely to be damaged.

[0014] Inorderto cope with these problems, there has been
disclosed a method for milling the knee joint using a robot,
that is, knee joint arthroplasty using a robot, in which the path
of'a rotary type cutter mounted to the distal end of a position-
changeable arm of a robot is controlled in conformity with the
information inputted to a computer so as to mill sequentially
the bone of the knee joint so that planes, to which an artificial
knee joint, i.e., an implant is to be coupled, are formed on the
bone.

[0015] FIG. 39 illustrates a cutting system which is used in
a conventional knee joint milling method using a robot.
[0016] Referring to FIG. 39, a rotary type cutter 100
mounted to the distal end of a position-changeable arm of a
robot has a head 110 which is formed with cutting edges on
the circumferential outer surfaces and the distal end surface
thereof and has a diameter of 7.8 mm and a shaft 120 which
extends from the head 110 and has the shape of a round bar
and a diameter of 2.3 mm. The proximal end of the shaft 120
is connected to a motor M which is installed on the distal end
of the position-changeable arm of the robot. The circumfer-
ential outer surface of the shaft 120 is rotatably supported in
a sleeve 130 which is secured to the housing of the motor M
so that quivering or bending does not occur while the shaft
120 rotates. The head 110 is positioned out of the sleeve 130
so that the bone can be milled through the rotation of the head
110.

[0017] As shown in FIG. 40, the conventional knee joint
milling method using a robot adopts a top down milling
scheme in that the cutter 100 approaches the knee joint from
the anterior side of the knee joint and is moved repeatedly
along the locus indicated by the arrows so that the bone can be
gradually milled level by level by the head 110.

[0018] However, although the conventional method and the
system contribute to some extent to the improvement in the
precision of the surgery, they suffer from defects as described
below.

[0019] That is to say, in the conventional method and sys-
tem for cutting the knee joint using a robot, the entire shaft
120 of the cutter 100 for milling the bone is supported by the
sleeve 130, the head 110 of the cutter 100 has a large size, and
the head 110 approaches the knee joint from the anterior side
of the knee joint and is rotated while drawing the large locus
only in a lateral direction so that the bone can be milled by the
head 110. Because of these facts, in order to avoid interfer-
ence or impingement between the sleeve 130 and the head
110 and the skin tissue of the human body, a substantial
amount of the skin and the flesh should be incised.

[0020] Also, due to the rotation of the head 110 having the
large size, it is difficult to properly protect the important tissue
such as the periosteum attached to the bone, and serious
damage to the bone can be caused. Moreover, because a
substantial amount of foreign substance such as bone par-
ticles are produced during milling, a surgery condition is
deteriorated, and as the bone particles are introduced into the
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surrounding tissue, an inflammation may be caused after
conducting the surgery, which can lead to a sequela of the
surgery.

[0021] Further, since the conventional method and system
adopt the top down milling scheme in which the bone is
gradually milled outlevel by level, alengthy period of milling
time is required and a surgery time is extended as well. Due to
this fact, the patient can feel severe pain even after the surgery,
and the recovery of the patient can be retarded.

[0022] In addition, while the conventional level to level
milling method has a characteristic in terms of precision, the
patient and the master surgeon who has performed the surgery
cannot be satisfied only with the precision. In order to provide
enough satisfaction, the patient can walk within several hours
without feeling pain after the surgery is completed and the
patient comes out of the anesthetic.

[0023] Meanwhile, the conventional minimal invasive
replacement surgery by the direct surgery of a surgeon con-
fers advantages in that the skin is incised to a lesser degree so
that the damage to the muscle and soft tissue can be mini-
mized. Nevertheless, since the surgery is performed in a nar-
row space, the tissue is excessively retracted and therefore is
likely to be damaged. Also, due to the incision of the skin to
the lesser degree, the field of view becomes narrow, and it is
difficult to insert precisely the implant.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention has been made in
an effort to solve the problems occurring in the related art, and
an object of the present invention is to provide a method for
cutting the knee joint using a robot wherein, in place of the
conventional total knee replacement arthroplasty using a
robot in which a cutter is moved only in the leftward and
rightward directions from the anterior side of the knee joint
when milling the bone using the robot, minimal invasive
replacement surgery is combined with the total knee replace-
ment arthroplasty using a robot to realize a surgical method
based on a tunnel cutting technique in which a cutter is intro-
duced not only from the anterior side of the knee joint but also
outside or inside from the posterior center of the knee joint
while defining an angle and cuts the bone, so that the minimal
incision of the skin is required and the damage to the impor-
tant tissue such as the skin, the flesh, the muscle and the bone,
which is likely to be caused during the surgery, can be mini-
mized and the surgery can be performed in a quick and effi-
cient manner to obtain agreeable clinical results after the
completion of the surgery and provide satisfaction to a
patient, and a system for cutting the knee joint using a robot
wherein, in order to realize the cutting method, the cutter is
optimized to have a minimal diameter for permitting the
cutting of bone tissue and a maximum length in consideration
of the breakage, quivering, etc. of the cutter due to cutting
resistance induced when cutting the bone.

[0025] In order to achieve the above object, according to
one aspect of the present invention, there is provided a
method for cutting the knee joint using a robot, wherein, when
cutting the knee joint to implement total knee replacement
arthroplasty, a cantilevered cutter having a small diameter is
used and is introduced into the knee joint from inside and
outside of upper and lower bones of the knee joint to realize a
tunnel cutting technique in which cutting is conducted such
that tunnels are defined in a bone and remnant bone is cleared,
and wherein, when the upper bone of the knee joint is cut by
moving the cutter toward the inside, the cutter is moved while
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being kept parallel to the Whiteside’s line, and when the upper
bone of the knee joint is cut by moving the cutter toward the
outside, the cutter is moved while being slanted to a pre-
scribed angle with respect to the Whiteside’s line so as to
avoid impingement between the cutter and surrounding tissue
such as the patella and the ligament structure.

[0026] Here, preferably, while forming a tunnel by cutting
the upper bone of the knee joint, the remnant bone serves as a
natural safety shield which prevents the cutter from project-
ing out of the bone and damaging surrounding soft tissue.
[0027] Also, when cutting the lower bone of the knee joint,
cutting is conducted through three cutting stages in which the
cutter is inserted in different directions, for example, in a
normal direction, a sideward direction and a diagonal direc-
tion, to form a single plane.

[0028] Preferably, when cutting the distal surface of the
lower bone of the knee joint, the formation of the plane is
effected by moving the cutter inward in a zigzag pattern, and
in order to prevent surrounding soft tissue from being dam-
aged, cutting is conducted such that a safety rim is left on the
edge of the plane.

[0029] In order to achieve the above object, according to
another aspect of the present invention, there is provided a
system for cutting the knee joint using a robot, including a
position-changeable arm, a motor provided to the distal end
of'the arm, a sleeve secured to the housing of the motor, and
a cutter coupled to the shaft of the motor and rotatably sup-
ported in the sleeve, wherein the cutter includes a shaft which
has the shape of a round bar and in which a substantial axial
portion thereof is fitted into the sleeve to be rotated by the
motor and a remaining axial portion thereof serves as a can-
tilever extending out of the sleeve, and a head which is formed
at the distal end of the shaft extending out of the sleeve, and
wherein the length of the cantilever of the shaft and the
diameter of the head are determined to define a shape having
minimum sizes as long as the head can be introduced into the
bone in such a way as to define a tunnel and can be moved in
the bone while cutting the bone, for example, a shape in which
the diameter of the cantilever is 1.5~4.0 mm and the length
thereof is 20~30 mm or a shape in which the diameter of the
cantilever is 4.0~6.0 mm and the length thereof is 70~80 mm.
[0030] Here, it is preferred that the cutter have chatter
blockers for preventing chattering during cutting and a pre-
scribed helix angle to ensure easy discharge of chips and be
made of a material having a hardness in the range of
HRC80~120.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above objects, and other features and advan-
tages of the present invention will become more apparent
after a reading of the following detailed description taken in
conjunction with the drawings, in which:

[0032] FIGS. 1 through 29 are schematic views illustrating
the respective cutting steps of a method for cutting the knee
joint using a robot in accordance with one embodiment of the
present invention;

[0033] FIG. 30 is a side view illustrating a system for cut-
ting the knee joint using a robot in accordance with another
embodiment of the present invention;

[0034] FIG.31isaschematic view illustrating the use of the
system for cutting the knee joint using a robot in accordance
with another embodiment of the present invention;

[0035] FIG. 32 is schematic views comparing the thick-
nesses of remnant bone depending upon the shapes of cutters
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in the use of the system for cutting the knee joint using a robot
in accordance with another embodiment of the present inven-
tion;

[0036] FIG. 33 is an enlarged view illustrating the side
cutting feature of the cutter in the system for cutting the knee
joint using a robot in accordance with another embodiment of
the present invention;

[0037] FIG. 34 is an enlarged view illustrating the end
cutting feature of the cutter in the system for cutting the knee
joint using a robot in accordance with another embodiment of
the present invention;

[0038] FIG. 35 is a bottom view illustrating the head of the
cutter in the system for cutting the knee joint using a robot in
accordance with another embodiment of the present inven-
tion;

[0039] FIG. 36 is an enlarged view illustrating the chatter
blocker of the cutter in the system for cutting the knee joint
using a robot in accordance with another embodiment of the
present invention;

[0040] FIG. 37 is a side sectional view illustrating the state
in which a short cantilever cutter and a sleeve are assembled
with each other in the system for cutting the knee joint using
arobot in accordance with another embodiment of the present
invention;

[0041] FIG. 38 is a side sectional view illustrating the state
in which a long cantilever cutter and a sleeve are assembled
with each other in the system for cutting the knee joint using
arobot in accordance with another embodiment of the present
invention;

[0042] FIG.39isaside sectional view illustrating the cutter
used in a conventional top down milling method for total knee
replacement arthroplasty; and

[0043] FIG. 40 is a schematic view illustrating the conven-
tional top down milling method for total knee replacement
arthroplasty.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0044] The present invention includes all devices for the
positioning, the moving and the force feedback mechanisms
of a cutting system mounted to the distal end of a robot to
implement minimal/less invasive surgery. Also, the present
invention includes the devices which are arranged on the
distal end of the robot having multi-degree of freedom and
perform a cutting operation, the devices involving a power
generation device, a power transmission device, a sensor for
monitoring cutting force applied to an end effecter, and cut-
ters having various diameters necessary for cutting bone.
[0045] Also, the present invention includes a cutting sys-
tem which involves a short cantilevered rotary cutter for mini-
mal incision, and a tunnel type cutting method.

[0046] Moreover, the present invention includes chatter
blockers (chatter prevention technology) which are formed
on the distal end of the head of the cantilevered cutter, the
retention of a helix angle of 10~20° on the circumferential
outer surface of the cutter head for ensuring easy discharge of
chips, the maintenance of the hardness of the material of the
cutter in the range of HRC80~120 (HRC: hardness Rock-
well), and a system design as to withstand chattering, quiv-
ering and vibration due to a density difference in bone (be-
tween cortical bone and cancellous bone).

[0047] The present invention includes all cutting paths and
cutting operations along and by which the small cantilevered
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rotary cutter reaches the upper and lower bones of the knee
joint when implementing the total knee joint replacement
arthroplasty.

[0048] Thus, the present invention provides a system which
can cut the bone through simple skin elevation instead of
extensive skin retraction so that the damage to the skin tissue
can be minimized and a surgical procedure can be completed
in a hazard-free environment through the least possible inci-
sion size.

[0049] That is to say, the present invention includes the
cutting method and the cutting system which can ensure
safety through minimal incision.

[0050] Tothis end, inthe cutter of a cutting system provided
in accordance with one embodiment of the present invention,
in order to minimize the size of a cut surface and cutting
vibrations when cutting the bone, the cutter has a reduced
diameter of 2.36 mm, and the head and the shaft of the cutter
have the same diameter.

[0051] Also, the ideal length of the cantilever of the cutter
for cutting the bone, that is, the length of the free end portion
of the cutter shaft, which projects from a sleeve for holding
the cutter, is set to an optimal length that can reach the
extremities of prescribed bony surface cuts.

[0052] In other words, in the case of the cutter having the
optimum diameter of 2.36 mm, it is most preferred that the
length of the cantilever be set to 20~30 mm when measured
from the distal end of the sleeve. Here, the cantilever of the
cutter performs almost all of the cutting operation.

[0053] The reason why the ideal length of the cantilever is
set to 20~30 mm in the present invention as described above
resides in that, in consideration of the radius ofthe lower bone
of the knee joint which corresponds to about 50 mm and the
introduction angle of the cantilever attached to the arm of the
robot depending upon a tunnel cutting style, in the present
invention, all plane surfaces are not cut at once, and instead,
partial cutting is conducted by dividing the cutting operation
into five procedures so that the impingement between the
cutter and surrounding tissue can be maximally avoided. Due
to this partial cutting, as the size of a plane surface to be cut is
decreased, the stress induced in the cutter can be reduced, and
the vibrations transferred to the cutter can be minimized, as a
result of which the diameter of the cutter can be minimized.
[0054] Because the partial cutting is conducted as
described above, a miniature cutter can be fabricated and
used. As a consequence, the cutter is prevented from being
bent or quivering, a minimal cut surface can be provided
through cutting, and the vibrations of the cutter can be sig-
nificantly reduced so that the influence exerted to the sur-
rounding tissue can be minimized.

[0055] Further, in the present invention, due to the tunnel
cutting method, the thickness of a portion of the bone, which
is removed through primary cutting by the cutter, is mini-
mized, and the remnant bone can be left while having a
substantial thickness. Hence, the cutter can be separated from
the surrounding skin tissue by the thickness of the remnant
bone, and the remnant bone can serve as a safety shield
between the cutter and the surrounding soft tissue so that the
transmission of the vibration of the cutter can be minimized
and the stability of the surgery can be maximized.

[0056] In order to remove the bone in a more efficient
manner through cutting, the chatter blockers are provided to
the distal end of the cutter head. The chatter blockers perform
the function of decreasing the quivering of the cutter when
cutting the bone and increasing the cutting speed.
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[0057] At this time, the chatter blockers are formed to be
offset with respect to the diametric center line of the cutter.
[0058] The chatter blockers are positioned on the circle line
and on the diametric center line of the cutter and have the
shape of an aggressive rake or a hook to render the effect of
pulling the bone so that vibrations and chattering can be
reduced during cutting.

[0059] This chatter prevention technique plays a role of
preventing the bone from being overcut.

[0060] Also, in order to easily remove the bone through
cutting, the circumferential outer surface of the cutter head
has the helix angle for facilitating the discharge of the chips
when cutting the bone in a sideward direction.

[0061] At this time, if the helix angle is too large, the cutter
becomes aggressive so that unwanted overcut of the bone can
be caused.

[0062] Also, if the helix angle is too small, great cutting
force is required so that the cutter is likely to be deformed and
undercut of the bone can be caused.

[0063] Therefore, in the present invention, the helix angle is
set to 10~20° so that a cutting condition can be optimized
when cutting uneven density bone.

[0064] Also, in order to remove the bone through cutting,
since the cutter must be rotated at a high speed, the hardness
of the material of the cutter must be in the range of
HRC80~120.

[0065] If the hardness is not adequate, due to a chattering
phenomenon during cutting, a portion of the bone which must
be precisely cut is likely to be undercut or overcut. Thus, by
selecting a material capable of ensuring excellent stiffness,
the cutter is manufactured as to withstand all forces and
vibrations so that defects are not caused in the bone.

[0066] Further, if a cutter having a large cutter head diam-
eter is used as in the conventional art to increase VRR (volu-
metric removal rate), the cutting performance of the cutter can
be improved. However, due to the large diameter of the cutter,
anincision size increases, and the likelihood of the soft tissue
and other important tissue to be extensively retracted
increases, otherwise the soft tissue including the flesh is likely
to be damaged.

[0067] Inthe present invention, due to the fact that a small-
sized cantilevered cutter is used to permit partial cutting so
that a cut surface has a reduced size, the cutting of the bone
can be performed stably without requiring extensive retrac-
tion of the skin.

[0068] Besides, in the present invention, by using the can-
tilevered cutter having a minimum diameter and a maximum
possible length, surgery can be performed even in a narrow
space. In the present invention, the conventional approach for
surgery, in which the cutter is moved only from the anterior
side of the knee joint and the extensive retraction of tissue is
caused when performing surgery, is discarded. Instead, in the
present invention, the distal end of the cutter is introduced
medially or laterally not only from the anterior center part of
the knee joint but also from the posterior center part of the
knee joint without causing impingement between the cutter
and surrounding tissue such that the path of the cutter is
optimized, so that a space can be secured sufficiently,
whereby it is not necessary to extensively retract the sur-
rounding tissue.

[0069] Hereafter, the preferred embodiments of the present
invention will be described with reference to the attached
drawings.
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[0070] FIGS. 1 through 29 are schematic views illustrating
the respective cutting steps of a method for cutting the knee
joint using a robot in accordance with one embodiment of the
present invention.

[0071] First, the most important factor to be considered
when cutting bone is to maximally prevent the impingement
between a cutter and surrounding tissue. Therefore, in order
to ensure safety when performing surgery, the cutter must be
introduced in sideward directions from the anterior center
part or the posterior center part of the knee joint so that no
impingement is caused between the cutter and the patella
which is pushed sideward after the incision of the skin.
[0072] Referring to FIG. 1, a cutter 10 performs Y2 cutting
for the medial aspect (when viewed from the Whiteside’s
line) of an anterior chamfer in a parallel fashion to the Whi-
teside’s line. At this time, a sleeve 14 for supporting the cutter
10 is positioned centrally on a surgery-receiving portion, and
the distal end of the cutter 10 is pivoted medially just like
drawing a semicircle while defining an angle in such a way as
to form a tunnel. According to this, it is possible to solve the
problems caused in the conventional art due to the fact that it
is necessary to retract surrounding skin tissue as the cutting is
conducted while the cutter sleeve is moved from the anterior
side of the knee joint in such a way as to define a prescribed
locus.

[0073] Inthe drawing, the reference character A designates
ananterior aspect, M amedial aspect, P a posterior aspect, and
L a lateral aspect.

[0074] This maneuver is done first in order to clear bone
from the anterior aspect of the next plane to be cut which
would be a distal surface plane.

[0075] The advantage of tunnel cutting is purely the fact
that the bone left after cutting can safely protect the surround-
ing soft tissue from a cutter head 12 rotating at a high speed,
that is, cutter edges. This means that the remnant bone T to be
subsequently removed through additional cutting serves as a
safety shield (a remnant bone cap) between the cutter 10 and
the skin tissue. When cutting the bone, the more the thickness
of'the remnant bone T increases, the more the wavelength, at
which the vibrations generated from the cutter 10 are trans-
mitted to the skin tissue, decreases.

[0076] To this end, it is preferred that the cutting be con-
ducted with the diameters of the cutter 10 and the cutter shaft
11 minimized.

[0077] The tunnel cutting is limited by the length of the
cantilever of the cutter shaft 11, that is, the length of the free
end portion of the cutter shaft 11 exposed out of the sleeve 14
for supporting the cutter shaft 11. A sufficient cantilever
length is required to cut away all bony surfaces.

[0078] Atthistime, ideal would be a cantilever long enough
to reach all extremities of the prescribed bony surface cuts,
and the stiffness of the material of the cutter must be engi-
neered to withstand all known forces and vibrations during
cutting.

[0079] Inthepresentinvention, the diameter of the cutter 10
depending upon the length of the cantilever is engineered
based on the fact that the diameter is proportional to a maxi-
mum cantilever length. In order to prevent the cutter edges
from cutting away more of the bony surface safety shield and
causing damage to the surrounding soft tissue, the smallest
possible cutter shaft diameter is idyllic.

[0080] To this end, in the present invention, as shown in
FIG. 2, a cutter has a diameter of 2~3 mm and a sufficient
cantilever length ‘i’ for respective planes to be cut through
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partial cutting. Here, the cutter having the diameter and the
cantilever length is engineered in the shape of a cantilever
which is sufficiently long as to cut prescribed bony surfaces
‘¢’ ‘d’, ‘e’ ‘fPand ‘g’.

[0081] In the drawing, the reference character ‘a’ desig-
nates a part of a bony surface to be removed on the anterior
chamfer when performing cutting using the cantilever length
according to the present invention, and the reference charac-
ter ‘b’ indicates that the sleeve 14 is separated from the upper
bone of the knee joint by a prescribed distance.

[0082] As shown in FIG. 3, a second cutting sequence is
conducted such that the distal end of the cutter is moved by
slanting it medially just like drawing a semicircle to prevent
impingement of the cutter upon the patella and a supporting
patella ligament structure which are positioned on the lateral
aspect L on the drawing.

[0083] According to this, since the sleeve 14 is not substan-
tially moved in a sideward direction, the impingement of the
cutter upon the patella and other tissue is not caused. Also, a
skin incision area upon initially conducting surgery can be
minimized, and it is not necessary to retract the skin when
cutting the bone.

[0084] In order to minimize patella subluxation, a pre-
scribed angle a.° slanted medially in reference to the White-
side’s line is optimal to perform the cutting of the lateral
aspect of the V2 anterior chamfer surface cut plane.

[0085] Atthistime, the slant medially prevents the cutter 10
and the cutter holding sleeve 14 from impinging upon the
patella and the surrounding soft tissue.

[0086] A small incision would restrict the subluxation of
the patella, and therefore this novel approach is idyllic.
[0087] Perhaps slight elevation is adequate but not neces-
sary because this invention of tunnel cutting creates a safety
shield bone cap that is present between the rotary cutter and
the soft tissue. A small diameter cutter aids in maximizing the
thickness of the remnant bone, creating a stronger safety
shield.

[0088] Asshown in FIG. 4, after completing the % cutting
of the medial and lateral aspects of the anterior chamfer, the
cutter is reoriented at an orientation parallel to the floor and
cuts though just enough as to remove the remnant bony sur-
face on top of the anterior chamfer cut surface.

[0089] The principle behind this maneuver is to clear the
bone to perform a distal surface tunnel path.

[0090] The principle behind the tunnel path is to prevent the
cutter tip from protruding and causing any soft tissue damage.
[0091] This method of reshaping bone has proven to com-
pletely eliminate the need for extensive soft tissue retraction,
prevent patella subluxation, and facilitate the preservation of
all surrounding soft tissue.

[0092] Due to the fact that there is always a bony surface
between the cutter tip and the caved soft tissue, the safety of
high speed tunnel cutting for bone shaping becomes evident.
[0093] AsshowninFIG. 5, the lateral aspect of the remnant
bone hovering above the anterior chamfer surface is removed
by a novel new bone clearing pass. In order to prevent the
subluxation of the patella and its ligament structure to avoid
their being in the way of the cutter, a direction change is
prescribed slanted medially with a prescribed angle §°.
[0094] This eliminates the need to displace the patella and
its supporting structure to perform the lateral aspect cutting of
the %2 anterior chamfer bone clearing cut.

[0095] The intent of this maneuver is to avoid any injury by
way of stretching, tearing and impinging of any surrounding
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tissue by the cutter, and therefore deoxygenating of any sur-
rounding tissue that currently all prior art surgical techniques
involving a limited incision introduce and is a well known
side effect of limited incision surgery.

[0096] Increased stretching, tearing, impinging and shear-
ing of vital and surrounding soft tissue are side effects of a
surgical technique that is done using prior art methods with
larger diameter heads to increase a VVR (volumetric removal
rate).

[0097] Next, as shown in FIG. 6, the medial aspect of the
distal surface cut plane is done parallel to the Whiteside’s line.
[0098] The slender cutter with a stiff shaft capable of han-
dling all vibrations associated with uneven density bone mill-
ing is the key component as to keep the cutter head sand-
wiched between bony surfaces.

[0099] A cutting sequence together with a cutter shaft
design of'this nature is proven to prevent the cutter head from
grazing caved-in soft tissue that has not been lightly elevated,
eliminating the need for extensive soft tissue retraction.
[0100] The distal surface is overcut posterior.

[0101] This maneuver is to make it easier for the surgeon to
crack away the bony surface with a standard orthopedic
chisel. This method of overcutting posterior has no compli-
cations as the prescribed thickness of the bony surface cap is
on average 9 mm thick.

[0102] The slim nature of the cutter design allows that the
cutter remains encapsulated in the bone and ensures that there
is the bony cap acting as a kind of safety shield between the
cutter head and the soft tissue at all time while the cutter in
milling. Therefore, this method and the system used promote
a tissue sparing technique by eliminating the need for tissue
retraction.

[0103] Then, as shown in FIG. 7, lateral aspect of the distal
cut is then cut out.

[0104] In order to preserve the original position of the
patella and its supporting tissue, the end effecter is prescribed
an angle of y° slanted medially.

[0105] Since the patella and the supporting tissue are not
displaced laterally, no soft tissue trauma or abrasion is
assured. The fact that there is the bony cap sandwiched
between the rotary cutter head and soft tissue makes this
method and system a new and novel approach to bone milling
technology. Therefore, as the bony cap prevents the cutter
from adversely influencing the surrounding soft tissue by
serving as the safety shield, the safety of the surgery is
enhanced fully.

[0106] As shown in FIG. 8, after the medial and lateral
aspects of the distal surface cut are complete, the remnant
safety cap (the cutter safety shield) can be easily broken off
using the chisel being a tool similar to a driver.

[0107] This maneuver is simplified by the slight posterior
overcutting. The bony material safety shield is snapped off
clearing a path for the next phase of the cutting sequence.
[0108] As seen inthe illustration, the dotted line is the edge
of'the most posterior point of the distal surface of the implant.
[0109] The chisel pivot point is allowed to rest past the
important distal surface and a pivoting action that is not on the
surface area that the implant would lie on is an idyllic way to
snap off the bone safety shield. Any damage to the bone from
the chisel point is outside the surface that is to be used for
implant to bony surface contact. Therefore, the precisely cut
surface can be obtained and, when the implant is inserted
thereafter, the implant can precisely match the cut surface of
the bone.
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[0110] Next, as shown in FIG. 9, a medial distal post hole is
defined in a circular motion using the same cantilever cutter.
[0111] Namely, as shown in FIG. 10, due to the minute
nature of the cutter, an island is left in the center of the cut
which is then cleared away by a direct pass down the center of
the island of bone remnant.

[0112] Referring to FIG. 11, a lateral distal post hole is
defined in the same fashion, a series of circular moves cut out
the prescribed diameter leaving an island of the bony struc-
ture in the center. This is immediately removed by a single
pass directed down the center of the post.

[0113] As shown in FIG. 12, the cutting of the medial
aspect of the anterior chamfer is conducted parallel to the
Whiteside’s line.

[0114] At this time, since the bony cap is left between the
cutter and the soft tissue, the surgeon can perform surgery
while feeling safety, and due to this fact, it is not necessary to
retract the surrounding skin tissue to define a space.

[0115] Inother words, the cutter can easily reach the medial
aspect of the anterior chamfer without retracting the sur-
rounding tissue or further exposing the surgery-receiving por-
tion.

[0116] To this end, the cantilevered cutter according to the
present invention, which has a small diameter and a sufficient
length, can leave a substantial amount of bone between the
edges of the cutter head and the soft tissue to serve as the
safety shield.

[0117] At this time, because the bone existing on the distal
surface has already been removed, the length of the cantilever
for cutting the anterior chamfer becomes sufficient.

[0118] In the cutting procedure according to the present
invention, while it is important which surface is to be first cut,
it is very important that a space is created by removing the
bone such that the bone can be properly cut using the cutter
having the small diameter and the prescribed length of the
cantilever.

[0119] As shown in FIG. 13, the lateral aspect of the ante-
rior chamfer is cut by slanting the cutter by a prescribed angle
of o°.

[0120] The principle behind this maneuver is to prevent the
cutter and the sleeve from impinging upon the tissue during
cutting so that the cutting can be conducted in an appropriate
way.

[0121] Further, an advantage is conferred in that a maxi-
mum amount of bone can be left through the tunnel cutting,
and an effect is conferred in that the damage to the soft tissue
and the retraction of the soft tissue can be minimized.
[0122] Asshownin FIG. 14, by moving the cutter from the
Whiteside’s line in the medial direction, the % cutting of the
medial aspect of the anterior chamfer is conducted parallel to
the Whiteside’s line.

[0123] Also, inthis procedure, the sleeve is positioned cen-
trally on the surgery-receiving portion, and the distal end of
the cutter is pivoted medially just like drawing a semicircle so
that cutting is conducted. The tunneling cutting is imple-
mented using the cutter having the small diameter. It is not
necessary to retract the skin or the supra patella pouch.
[0124] Namely, as the impingement of the cutter upon the
surrounding tissue is maximally prevented so that the influ-
ence of the surgery is not exerted to the surrounding tissue, the
patient can be prevented from swelling, can feel reduced pain,
and can be recovered quickly.

[0125] The supra patella pouch includes the soft tissue fac-
ing the patella ligament, the blood supply, and the synovium.
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The impingement of the cutter upon the supra patella pouch
may double the swelling and the pain and decrease the sur-
gery satisfaction degree of the patient.

[0126] The present invention prevents the impingement of
the cutter upon the supra patella pouch and satisfies all con-
ditions therefor.

[0127] To this end, as shown in FIG. 15, by moving the
cutter from the Whiteside’s line in the lateral direction by
slanting the cutter by a prescribed angle of 6° with respect to
the Whiteside’s line, the V% cutting of the lateral aspect of the
anterior chamfer is conducted.

[0128] At this time, since the sleeve is positioned centrally
adjacent to the Whiteside’s line, any impingement does not
occur. Also, since the tunnel cutting is conducted to leave the
bony cap serving as the safety shield, the cutter is prevented
from impinging upon the supra patella pouch.

[0129] As shown in FIG. 16, the cutting of medial aspect of
the posterior chamfer cut is performed parallel to the White-
side’s line and in a direction anterior to posterior.

[0130] A diamond shape over the medial condyle formed
naturally by the soft tissue is the natural unrestricted seating
position of the soft tissue after incision.

[0131] This invention facilitates the method that entails a
maneuver in the anterior to posterior direction to resect the
posterior chamfer surface.

[0132] By doing so parallel to the Whiteside’s line and
approaching directly at the level of the prescribed plane, it is
simply possible to tunnel the chamfer without retraction, and
slight elevation may be necessary. The overcut is then intro-
duced as to aid in the easy removal of the bony structure safety
shield using the chisel.

[0133] AsshowninFIG. 17, because the cutter according to
the present invention conducts cutting while guiding the dis-
tal end thereof from the center toward the sides of the surgery-
receiving portion, the impingement between the cutter and all
associated tissue does not occur, and therefore, the tissue can
be efficiently protected even in a special chamfer cut.

[0134] As shown in FIG. 18, the lateral aspect of the pos-
terior chamfer plane cut is performed with the cutter slanted
medially by a prescribed angle of 8°.

[0135] This novel maneuver is performed as to prevent the
sleeve and the cutter from impinging upon the surrounding
soft tissue and the patella.

[0136] The novelty behind this is that the surgeon is now
able to cut out the lateral aspect of the posterior chamfer
without retracting the patella or the surrounding soft tissue.
The natural unrestricted seating position of the soft tissue
even with an incision side considered minimal invasive is
adequate.

[0137] As shown in FIG. 19, the cutting of the medial
aspect of posterior condyle is performed parallel to the axis of
the bone or perpendicular to the distal surface.

[0138] This maneuver is easily done after a diamond shape
is formed by the soft tissue incision as can be seen from the
medial direction.

[0139] The novel tunneling cutting concept of the present
invention is most highlighted in the cutting of the medial and
lateral aspects of the posterior condyle.

[0140] That is to say, the cutter of the present invention
remains encapsulated in the bone and ensures that there is the
bony cap acting as a kind of safety shield between the cutter
head and the soft tissue at all time while the cutter in milling,
so that the likelihood of the cutter to damage the soft tissue
around the posterior condyle, nerves and the membrane cov-
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ering the artery is minimized. Therefore, by performing the
cutting operation using the cutter having the small diameter
and the small size, it is possible to prevent the loss of a
substantial amount of bone, and due to this fact, a most
significant advantage is conferred in that the safety shield
bony cap can be formed to have a substantial thickness so that
the anterior membrane portion can be protected from the
cutter tip.

[0141] Therefore, since safety is elevated and the high
speed milling can be performed precisely within a narrow
space, the stability of the surgery can be maximized.

[0142] Referring to FIG. 20, the cutting of the lateral aspect
of'the posterior condyle is performed laterally at a prescribed
angle of €°.

[0143] In this maneuver, since the cutting is performed by
slanting the cutter by the prescribed angle so that the cutter
can cut the lateral aspect up to its extremity, it is not necessary
to separately move the patella to secure a space.

[0144] Also, because the cutter having the small diameter is
used to cut the bone, the bony cap serving as the safety shield
can be left to protect the surrounding membrane tissue from
being damaged.

[0145] Accordingly, the cutter can ensure remarkably
increased safety when compared to the conventional milling
cutter.

[0146] Referring to FIG. 21, the bony cap which is left to
serve as the safety shield is easily removed using the chisel as
the general surgical instrument for orthopedic surgery. That is
to say, by inserting the chisel into the cut space and applying
external force to the chisel, the bony cap can be easily
removed.

[0147] As described above, in the tunnel cutting technique
according to the present invention, in which a plane cut is
formed by moving the cutter having the minimum diameter
from the center toward the sides of the surgery-receiving
portion and then the left bony cap is removed using a tool such
as the chisel, the thickness of the bony cap can be set to be
greater when initially cutting the bone using the cutter such
that the bony cap can serve as the safety shield for preventing
impingement between the cutter and the surrounding soft
tissue and minimize the influence of the vibrations generated
by the cutter, whereby the stability of surgery can be maxi-
mized.

[0148] After the cutting of the upper bone of the knee joint
is completed in the above-described way, the cutting of the
lower bone of the knee joint is performed as shown in FIG. 22.
[0149] Sincethe upper surface ofthe lower bone of the knee
joint is wide, the cutter, which is used to cut the upper bone of
the knee joint and has the cantilever length 0of 20~30 mm and
the diameter of 1.5~4.0 mm, is not used, and instead, a cutter,
which has a cantilever length of 70~80 mm and a diameter of
4.0~6.0 mm, is used for quick cutting.

[0150] In other words, by using the large cantilevered cut-
ter, planar cutting can be quickly performed with no slanting
angle.

[0151] To this end, the cutter having the large diameter is
introduced from the anterior position of the knee joint toward
the medial-lateral line (the M-L line) with a slope of u°. At this
time, the introducing direction of the cutter is optimized in the
range of 15~30° with respect to the medial and lateral line.
[0152] This maneuver is to avoid any injury by way of
stretching, tearing and impinging of the patella ligament
which can be caused due to the minimal invasive surgery.
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[0153] The cutting by the cutter is performed such that a
safety rim for preventing the unwanted damage to soft tissue
is left on the edge of the inward end of the bone, that is, on the
lateral edge of the lower patella.

[0154] The reason why the safety rim is left is to prevent
soft tissue behind the rear surface of the patella from being
damaged by the cutter and to increase the safety factor in the
bone cutting technique.

[0155] After the upper end center portion of the lower bone
of the knee joint is partially cut in this way, the medial pos-
terior portion is cut.

[0156] Referring to FIG. 23, the cutting of the medial pos-
terior portion of the lower bone of the knee joint is performed
by placing the cutter parallel to the anterior-posterior line (the
A-P line) and then moving the cutter in a zigzag pattern to
leave a posterior safety rim. By this maneuver, the safety rim
can be formed on the posterior edge of the bone to prevent the
abrasion of surrounding soft tissue and the anterior mem-
brane.

[0157] The bone left in these ways can be easily removed
using a small chisel, a micro saw, or a tweezers-shaped cut-
ting implement.

[0158] Referring to FIG. 24, the cutting of the lateral ante-
rior portion of the lower bone of the knee joint is performed by
moving the cutter in a zigzag pattern from anterior to lateral to
leave an anterior safety rim.

[0159] In this maneuver, the cutter is placed parallel to the
medial-lateral line (the M-L line) as can be readily seen from
the drawing.

[0160] The safety rim formed as described above serves as
a safety shield to prevent the soft tissue from being abraded (a
phenomenon in which materials are gradually worn out when
two surfaces brought into contact with each other are applied
with force and are moved while slipping on each other). By
leaving the safety rim having a small thickness, the cutter tip
is prevented from damaging the patella and the supporting
ligament structure, whereby the minimal invasive surgery can
be further enabled. Also, when the surgeon cuts the lower
bone, the surgeon can be convinced of surgical stability due to
the presence of the safety shield.

[0161] Referring to FIG. 25, a cruciform coupling groove
for coupling an implant is cut in the surface of the lower bone
of'the knee joint. From this time, the cutter having the small-
sized cantilever (having the length of 20~30 mm and the
diameter of 1.5~4.0 mm) is used.

[0162] The coupling groove is defined by cutting a medial
portion through a countersinking technique. The groove
defined to have a prescribed depth has the shape in which the
top is wide and the bottom is narrow, that is, the shape of an
inverted triangle. Through this, the fixing part of the implant
can be easily coupled into the groove.

[0163] When cutting the groove, since the patella is posi-
tioned at all time at a distance of several millimeters from the
lower bone of the knee joint, as the surgeon slightly retracts
the patella outward, it is possible to prevent the soft tissues
from being damaged by the cutter.

[0164] Referring to FIGS. 26 and 27, in order to define the
cruciform groove in the lateral portion, the cutter is used in the
medially slanted state as shown by the arrows in the drawing
to define a tunnel in the bone.

[0165] By the countersinking technique devised to define a
groove in this way, the cutting of the groove of the cruciform
along the M-L line can be optimized.



US 2009/0287222 Al

[0166] In this regard, since the patella is freely positioned
and the surrounding soft tissue and the patella are positioned
at all time at a distance of several millimeters from the lower
bone of the knee joint, as the surgeon slightly retracts the
patella outward, it is possible to prevent the soft tissues from
being damaged by the cutter.

[0167] This maneuver is to avoid any injury by way of
stretching, tearing and impinging of the patella ligament
which can be caused due to the minimal invasive surgery.
[0168] Referring to FIG. 28, the cutting of the anterior-
posterior groove of the cruciform is performed by slanting
anteriorly the cutter by a prescribed angle of A.° with respect
to the axis of the implant and the lower bone of the knee joint.
[0169] This maneuver is to prevent the sleeve and the cutter
from impinging upon the upper bone of the knee joint.
[0170] In the conventional method, in order to prevent the
impingement upon the bone, the cutter coupled to the arm of
a robot is moved parallel to the axis of the implant, and the
lower bone of the knee joint is moved anterior with respect to
the posterior condyle of the femur so as to prevent the
impingement between the cutter and the sleeve and the upper
bone of the knee joint.

[0171] The posterior movement of the lower bone of the
knee joint is likely to cause the stretching and tearing of the
posterior capsule. In the present invention, by slanting the
cutter by the prescribed angle of A°, the posterior movement
or widening becomes unnecessary.

[0172] Referring to FIG. 29, after the seating surfaces for
the implant are defined through the cutting of the upper bone
and the lower bone of the knee joint as described above, by
attaching the implant to the respective seating surfaces, the
knee joint arthroplasty can be primarily finished.

[0173] In the cutting system for implementing the surgery
through the tunnel cutting method as described above, the
cutter, i.e., the cantilever of the present invention is mini-
mized in its diameter to minimize the thickness of a cut
portion so that the bone to be secondarily removed later can
have a substantial thickness and therefore can serve as a safety
shield for protecting surrounding tissue. It is required that the
cutter is manufactured to have a maximum length as long as
the breakage of the cutter is prevented.

[0174] As a result, the present invention suggests the opti-
mum cutting system in the method for cutting the knee joint
using a robot through the tunnel cutting technique.

[0175] FIG. 30 is a side view illustrating a system for cut-
ting the knee joint using a robot in accordance with another
embodiment of the present invention.

[0176] Inthe system for cutting the knee joint according to
the present invention, a cutter 10 has the shape of a round bar
which has a constant diameter.

[0177] Also, the cutter 10 has a shaft 11 in which most axial
portion thereof is rotatably supported in the sleeve 14 and is
coupled at the rear (proximal) end thereof to the motor M to
be integrally rotated therewith and the remaining axial por-
tion thereof has the shape of a cantilever extending out of the
sleeve 14, and a head 12 which is formed on the distal end of
the shaft 11 which extends out of the sleeve 14.

[0178] At this time, the shaft 11 of the cutter 10 must have
a minimum diameter ‘b’, and the length ‘¢’ of the cantilever
extending out of the sleeve 14 is closely related with the
diameter ‘b’ of the shaft 11. The shaft 11 must have a length
‘d’ greater than the length ‘c’ of the cantilever to be appropri-
ately supported by the sleeve 14 and the motor M.
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[0179] Ifthe procedure for cutting the bone using the cutter
manufactured to satisty the conditions given in the present
invention is not provided, the longer cantilever will require
the larger cutter shaft diameter. Therefore, the bone left after
cutting to be secondarily removed later (which serves as the
safety shield) cannot but be decreased in the thickness thereof
due to the large cutter shaft diameter, and therefore, cannot
properly serve as the safety shield and is likely to be uninten-
tionally removed from the knee joint.

[0180] FIG.31isaschematic view illustrating the use of the
system for cutting the knee joint using a robot in accordance
with another embodiment of the present invention, and shows
the tunnel cutting method implemented along the arrows.
[0181] Meanwhile, in the present invention, when the can-
tilever length ‘¢’ of the cutter 10 is 20~30 mm and the diam-
eter ‘b’ of the shaft 11 is less than 2.5 mm, the aforementioned
partial or divided cutting of the bone can be performed in a
satisfactory manner.

[0182] That is to say, in the partial cutting, as described
above, by maximizing the length ‘c’ of the cantilever in pro-
portional to the diameter and minimizing the diameter ‘b’ of
the shaft 11, the thickness of the remnant bone can be maxi-
mized so that the remnant bone can serve properly as the
safety shield for preventing the surrounding tissue from being
damaged.

[0183] This principle can be readily understood from the
fact that, as shown in FIG. 32, the slender cutter 10 (see A) of
the present invention can leave thick remnant bone T1 and the
thick cutter (see B) of the conventional art can leave thin
remnant bone T2.

[0184] FIGS. 33 and 34 are enlarged views illustrating the
side cutting part and the end cutting part of the cutter head 12,
wherein a helix angle of a.° is formed in the cutting edges of
the side cutting part.

[0185] The helix angle of at° is to facilitate the discharge of
chips when performing cutting. If the helix angle is too large,
the cutter is made aggressive and therefore the bone is likely
to be overcut. Also, if the helix angle is too small, great cutting
force is required so that the cutter is likely to be deformed and
undercut of the bone can be caused.

[0186] Accordingly, in the present invention, the helix
angle is set to 10~20° so that the cutting of the uneven density
bone can be optimally performed.

[0187] FIG. 35 illustrates the distal end of the cutter head
12, and FIG. 36 is an enlarged view of the chatter blockers of
the cutter head 12.

[0188] The safety factor in the design of the cutter head 12
is the provision of chatter blockers 13.

[0189] In the present invention, the chatter blockers 13 are
formed to be offset by an amount of ‘j” with respect to the
diametric center line.

[0190] The chatter blockers 13 are positioned on the circle
line and on the diametric center line of the cutter and have the
shape of an aggressive rake or a hook to render the effect of
pulling the bone so that vibrations and chattering can be
reduced during cutting.

[0191] At this time, this chatter prevention technique plays
an important role of preventing the bone from being overcut.
[0192] Also, in order to further stabilize the cutting system,
it is preferred that the cutter shaft 11 be designed to be further
slender so as to increase the stiffness. The slender cutter shaft
11 can double the tunnel cutting profiles and characteristics.
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[0193] FIGS. 37 and 38 illustrate the shapes of cantilevers
depending upon the configurations of cutters, with cutters 10
coupled to sleeves 14.

[0194] FIG. 37 illustrates a short cantilever type design in
which the diameter of the cutter shaft and a sleeve assembly
cooperatively reinforce stiffness.

[0195] Inother words, in order to minimize the thickness of
the cut portion of the bone and thereby increase the thickness
of the remnant bone, the cutter has a minimum diameter and
a maximum length, that is, a most appropriate cantilever
length, in proportion to the diameter, so that the cutter can be
suitably used for partial cutting of the knee joint while being
prevented form being broken due to cutting resistance. This
cutter performs almost all of the cutting operation in the
present invention.

[0196] FIG. 38 illustrates a long cantilever type design in
which the diameter of the cutter shaft provides stiffhess to the
system and a short sleeve including a bearing rotatably holds
the cutter 10.

[0197] Atthistime, the long cantilever is used when cutting
the planar portion of the lower bone of the knee joint. Since
the planar portion has a large area and the cutter can be
relatively freely introduced onto the planar portion, in order to
rapidly perform the cutting operation, the cutter having the
larger diameter and the longer length than the cutter used for
cutting the upper bone of the knee joint is used.

[0198] The head and the shaft of the cutter have the same
diameter.
[0199] The cantilevered cutter according to the present

invention, configured as described above, is fitted into the
sleeve to be rotatably supported therein, and is used in a state
in which it is mounted to the arm of a preselected cutting
system, that is, a surgical robot having multi-degree of free-
dom.

[0200] Forexample, the cutter 10 is positioned on the distal
end of the position-changeable arm of a robot and performs
the cutting operation by receiving power.

[0201] As is apparent from the above description, the
method and the system for cutting the knee joint using a robot
according to the present invention confer advantages as
described below.

[0202] First, since surgery is performed for portions of the
knee joint to be cut, in a tunnel cutting technique using a
cantilevered cutter which is optimized to have a minimum
diameter and a maximum length, the bone can be quickly and
safely cut, and the damage to the muscle or surrounding soft
tissue attached to the bone can be minimized.

[0203] Second, in place of the conventional method in
which a cutter is moved in sideward directions only from the
anterior side of the knee joint and cut the bone through mill-
ing, a tunnel cutting method is adopted in which the bone is
cut by introducing the distal end of the cutter medially or
laterally not only from the anterior side of the knee joint but
also from the posterior side of the knee joint without causing
impingement between the cutter and surrounding tissue such
that the path of the cutter is optimized. As a consequence, the
surgery can be performed with minimum incision of the skin
without requiring excessive retraction of the surrounding soft
tissue such as the skin, the flesh, the muscle and the ligament.
[0204] Accordingly, because the soft inside of the bone (the
soft bone) as well as the hard outside of the bone (the hard
bone) of an arthritis patient can be precisely and finely cut, a
margin can be provided to a surgeon while performing sur-
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gery, and enough satisfaction can be provided to the patient
due to rapid recovery after the surgery.

[0205] When considering the fact that future surgical
operation will require quickness and precision more than
other industrial fields, it is obvious that the surgery-related
products using robots will occupy a substantial portion of the
medical equipment market. Therefore, the present invention
provides industrially applicable up-to-date technology in
relation with robotic surgery so as to accommodate the trend
of the medical equipment market.

[0206] Although preferred embodiments of the present
invention have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and the spirit of the invention as disclosed in
the accompanying claims.

1. A method for cutting a knee joint, comprising introduc-
ing a robotic cantilevered cutter having a small diameter into
the knee joint from inside and outside of upper and lower
bones of the knee joint, cutting respective tunnels in the bones
by means of the cutter and clearing remnant bone from the
tunnels.

2. The method according to claim 1, wherein, while a
tunnel is being cut in the upper bone of the knee joint, the
remnant bone is not removed and serves as a natural safety
shield which prevents the cutter from projecting out of the
bone and damaging surrounding soft tissue.

3. The method according to claim 1, further comprising
forming at least five plane surfaces having different angles
when cutting the upper bone.

4. The method according to claim 1, wherein, when the
upper bone of the knee joint is cut by moving the cutter toward
the inside, the cutter is moved while being kept parallel to a
Whiteside’s line.

5. The method according to claim 1, wherein, when the
upper bone of the knee joint is cut by moving the cutter toward
the outside, the cutter is moved while being slanted to a
prescribed angle with respect to the Whiteside’s line so as to
avoid impingement between the cutter and the patella and a
ligament structure.

6. The method according to claim 1, further comprising
forming a hole for fixing an implant, while cutting the upper
bone of the knee joint, by cutting a circular locus such that a
central core portion is left, and then removing the central core
portion by cutting.

7. The method according to claim 6, further comprising,
when cutting the upper bone of the knee joint to form the
tunnel therein, overcutting thereby to ensure easy removal of
the remnant bone in the tunnel.

8. The method according to claim 1, further comprising,
when cutting the lower bone of the knee joint, cutting in three
cutting stages in which the cutter is inserted in different
directions to form a single plane.

9. The method according to claim 8, wherein the different
directions comprises a normal direction, a sideward direction
and a diagonal direction.

10. The method according to claim 8, wherein the plane is
formed by moving the cutter inward in a zigzag pattern.

11. The method according to claim 8, wherein the cutting
of the lower bone of the knee joint is conducted such that a
safety rim is left on an edge of the plane thereby to prevent
damage to surrounding soft tissue.

12. The method according to claim 8, further comprising,
while cutting the lower bone of the knee joint, cutting in four
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steps in respective medial, lateral, anterior and posterior
directions thereby to form a cruciform groove for fixing an
implant.

13. The method according to claim 12, wherein, in the
lateral direction cutting step the cutting of tunnel in the lower
bone of the knee joint is conducted with the cutter slanted
inward.

14. An apparatus for cutting a knee joint, comprising a
robotic position-changeable arm, at a distal end of the arm a
motor having a housing and a shaft, a sleeve secured to the
housing, and a cutter coupled to the shaft of the motor and
rotatably supported in the sleeve, wherein the cutter com-
prises a cylindrical shaft and a substantial axial portion of the
shaft is fitted into the sleeve to be rotated by the motor and a
remaining axial portion of the shaft serves as a cantilever
extending out of the sleeve, and the apparatus further com-
prises a cutting head formed at a distal end of the shaft
extending out of the sleeve, and wherein a length of the
cantilever of the shaft and a diameter of the head are deter-
mined to define a shape having sizes sufficiently small that the
head can be introduced into bone in such a way as to define a
tunnel and can be moved in the bone while cutting the bone.
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15. The apparatus according to claim 14, wherein the diam-
eter of the head is the same as a diameter of the shaft.

16. The apparatus according to claim 14, wherein the can-
tilever has a length of 20~30 mm and a diameter of 1.5~4.0
mm.

17. The apparatus according to claim 14, wherein the can-
tilever has a length of 70~80 mm and a diameter of 4.0~6.0
mm.

18. The apparatus according to claim 14, further compris-
ing chatter blockers formed on a distal end of the head to
prevent chattering during cutting the bone.

19. The apparatus according to claim 18, wherein the chat-
ter blockers are offset by a predetermined distance from a
diametric center line.

20. The apparatus according to claim 14, wherein a circum-
ferential outer surface of the head of the cutter has a helix
angle of 10~20° with respect to an axial center line to ensure
easy discharge of chips when cutting the bone in a sideward
direction.

21. The apparatus according to claim 14, wherein a mate-
rial of the cutter has a hardness in the range of HRC80~120.

sk sk sk sk sk



