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SURGICAL PROCEDURE OF KNEE JOINT 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 
[ 0001 ] This invention relates to a surgical procedure of a 
knee joint which is performed under an arthroscope . 

2 . Description of the Related Art 
[ 0002 ] In a case where a surgeon performs reconstruction 
of a ligament in a knee joint , it is known that an outer shape 
of a cross section of an implanted tendon which is perpen 
dicular to a longitudinal axis thereof , is a polygonal shape 
such as a rectangular shape , an elliptical shape , or an 
approximately polygonal shape close to the elliptical shape . 

BRIEF SUMMARY OF THE INVENTION 
[ 0003 ] According to one aspect of the present invention , a 
surgical procedure of preparing bone holes to dispose an 
implanted tendon to a femur when performing reconstruc 
tion of a ligament in a knee joint , includes : forming a first 
bone hole in the femur ; and applying ultrasonic vibration 
from a treatment portion of an ultrasonic treatment instru 
ment to the femur , thereby cutting and expanding the first 
bone hole from the inside of the knee joint to the first bone 
hole of the femur along a predetermined depth , and forming 
a second bone hole having a polygonal shape , an approxi 
mately polygonal shape , an elliptical shape or an approxi 
mately elliptical shape to receive the implanted tendon . 
[ 00041 Advantages of the invention will be set forth in the 
description which follows , and in part will be obvious from 
the description , or may be learned by practice of the inven 
tion . The advantages of the invention may be realized and 
obtained by means of the instrumentalities and combinations 
particularly pointed out hereinafter . 

[ 0013 ] FIG . 4A is a schematic partial cross - sectional view 
showing a state where a hole is formed in a bone with the 
ultrasonic probe shown in FIG . 3A ; 
[ 0014 ] FIG . 4B is a schematic perspective view showing 
a concave hole formed in a desired orientation at a desired 
position of a footprint region of an anterior cruciate ligament 
with the ultrasonic probe shown in FIG . 4A ; 
[ 0015 ] FIG . 5A is a schematic perspective view showing 
a modification of a treatment portion of the ultrasonic probe 
shown in FIG . 3A ; 
[ 0016 ] FIG . 5B is a schematic perspective view showing 
a modification of the treatment portion of the ultrasonic 
probe shown in FIG . 3A ; 
[ 0017 ] FIG . 6A is a schematic perspective view showing 
a modification of the treatment portion of the ultrasonic 
probe shown in FIG . 3A ; 
[ 0018 ] FIG . 6B is a schematic perspective view showing 
a modification of the treatment portion of the ultrasonic 
probe shown in FIG . 3A ; 
[ 0019 ] FIG . 6C is a schematic perspective view showing 
a modification of the treatment portion of the ultrasonic 
probe shown in FIG . 3A ; 
[ 0020 FIG . 7 is a schematic view of an implanted tendon 
which includes an STG tendon for use in reconstruction of 
the anterior cruciate ligament ; 
10021 ] FIG . 8A is a schematic view showing a procedure 
of the reconstruction of the anterior cruciate ligament and 
showing a state where a through hole ( a drilled hole ) is 
formed from the inside of the knee joint to the footprint 
region of the anterior cruciate ligament of a femur of the 
knee joint with a drill ; 
[ 0022 ] . FIG . 8B is a schematic view showing a state where 
a concave hole is formed from the inside of the joint to the 
through hole of the femur in the state shown in FIG . 8A with 
the probe of the ultrasonic treatment instrument ; 
[ 0023 ] FIG . 8C is a schematic view showing a state where 
a through hole ( a drilled hole ) is formed from the inside of 
the knee joint to a footprint region of an anterior cruciate 
ligament of a tibia of the knee joint in the state shown in 
FIG . 8B with the drill ; 
[ 0024 ] FIG . 8D is a schematic view showing a state where 
a concave hole is formed from the inside of the joint to the 
through hole of the tibia in the state shown in FIG . 8C with 
the probe of the ultrasonic treatment instrument ; 
0025 ] . FIG . 8E is a schematic view showing a state where 
the implanted tendon including the STG tendon shown in 
FIG . 7 is fixed to the femur and the tibia ; 
[ 0026 ] FIG . 9 is a schematic view of an implanted tendon 
which includes a BTB tendon for use in the reconstruction 
of the anterior cruciate ligament ; 
[ 00271 . FIG . 10A is a schematic view showing a procedure 
of the reconstruction of the anterior cruciate ligament and 
showing a state where a through hole ( a drilled hole ) is 
formed from the inside of the knee joint to the footprint 
region of the anterior cruciate ligament of the femur of the 
knee joint with the drill ; 
[ 0028 ] . FIG . 10B is a schematic view showing a state 
where a concave hole is formed from the inside of the joint 
at a position including the through hole of the femur in the 
state shown in FIG . 10A with the probe of the ultrasonic 
treatment instrument ; 
[ 0029 ] FIG . 10C is a schematic view showing a state 
where a concave hole is formed from the inside of the joint 
at a position that is adjacent to the concave hole of the femur 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0005 ] The accompanying drawings , which are incorpo 
rated in and constitute apart of the specification , illustrate 
embodiments of the invention , and together with the general 
description given above and the detailed description of the 
embodiments given below , serve to explain the principles of 
the invention . 
10006 ] FIG . 1 is a schematic view showing a treatment 
system for use in a surgical treatment of a knee joint ; 
[ 0007 ] FIG . 2 is a schematic view showing one example of 
an ultrasonic treatment unit for use in the system shown in 
FIG . 1 ; 
[ 0008 ] FIG . 3A is a schematic view showing an ultrasonic 
probe of a treatment instrument shown in FIG . 2 ; 
[ 0009 ] FIG . 3B is a cross - sectional view showing a state 
where the ultrasonic probe shown in FIG . 3A is cut along the 
3B - 3B line perpendicular to a longitudinal axis in FIG . 3A ; 
[ 0010 ] FIG . 3C is a schematic view showing a state where 
the ultrasonic probe shown in FIG . 3A is seen from a 
direction indicated by an arrow 3C in FIG . 3A ; 
[ 0011 ] FIG . 3D is a cross - sectional view showing a modi 
fication of the ultrasonic probe shown in FIG . 3A and cut 
along the 3B - 3B line perpendicular to the longitudinal axis 
in FIG . 3A ; 
[ 0012 ] FIG . 3E is a schematic view showing a modifica 
tion of the ultrasonic probe shown in FIG . 3A and seen from 
the direction indicated by the arrow 3C in FIG . 3A ; 
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[ 0043 ] FIG . 12F is a schematic view showing a state 
where the implanted tendon including the STG tendon 
shown in FIG . 7 is fixed to the femur and the tibia ; 
( 0044 ) FIG . 13A is a schematic view showing a procedure 
of the reconstruction of the anterior cruciate ligament and 
showing a state where a through hole is formed from the 
outside of the tibia toward the footprint region of the anterior 
cruciate ligament of the tibia of the knee joint ; 
[ 0045 ] FIG . 13B is a schematic view showing a state 
where a through hole is formed in an outer side of the femur 
continuously with the through hole of the tibia in the state 
shown in FIG . 13A through the footprint region of the 
anterior cruciate ligament of the femur ; 
[ 0046 ] FIG . 13C is a schematic view showing a state 
where a through hole is formed from the outside of the tibia 
of the knee joint in the state shown in FIG . 13B to the 
footprint region of the anterior cruciate ligament with the 
ultrasonic treatment instrument ; 
[ 0047 ] FIG . 13D is a schematic view showing a state 
where a concave hole is formed continuously with the 
through hole of the tibia in the state shown in FIG . 13C to 
the footprint region of the anterior cruciate ligament of the 
femur of the knee joint ; and 
10048 ) FIG . 13E is a schematic view showing a state 
where the implanted tendon including the STG tendon 
shown in FIG . 7 is fixed to the femur and the tibia . 

in the state shown in FIG . 10B and that includes the through 
hole of the femur with the probe of the ultrasonic treatment 
instrument ; 
[ 0030 ] FIG . 10D is a schematic view showing a state 
where a through hole ( a drilled hole ) is formed from the 
inside of the knee joint to the footprint region of the anterior 
cruciate ligament of the tibia of the knee joint in the state 
shown in FIG . 10C with the drill ; 
[ 0031 ] FIG . 10E is a schematic view showing a state 
where a concave hole is formed from the inside of the joint 
at a position including the through hole of the tibia in the 
state shown in FIG . 10D with the probe of the ultrasonic 
treatment instrument ; 
[ 0032 ] FIG . 10F is a schematic view showing a state 
where a concave hole is formed from the inside of the joint 
at a position that is adjacent to the concave hole of the tibia 
in the state shown in FIG . 10E and that includes the through 
hole of the tibia with the probe of the ultrasonic treatment 
instrument ; 
[ 0033 ] FIG . 10G is a schematic view showing a state 
where the implanted tendon including the BTB tendon 
shown in FIG . 9 is fixed to the femur and the tibia ; 
[ 0034 ] FIG . 11A is a schematic view showing a procedure 
of the reconstruction of the anterior cruciate ligament and 
showing a state where a through hole ( a drilled hole ) is 
formed from the inside of the knee joint to the footprint 
region of the anterior cruciate ligament of the femur of the 
knee joint with the drill ; 
[ 0035 ] FIG . 11B is a schematic view showing a state 
where concave holes are formed from the inside of the joint 
at a position including , in a middle , the through hole of the 
femur in the state shown in FIG . 11 A with the probe of the 
ultrasonic treatment instrument ; 
00361 . FIG . 11C is a schematic view showing a state 
where concave holes are formed from the inside of the knee 
joint to the footprint region of the anterior cruciate ligament 
of the tibia of the knee joint shown in FIG . 11B with the 
probe of the ultrasonic treatment instrument ; 
[ 0037 ] FIG . 11D is a schematic view showing a state 
where the implanted tendon including the BTB tendon 
shown in FIG . 9 is fixed to the tibia with screws ; 
[ 0038 ] FIG . 12A is a schematic view showing a procedure 
of the reconstruction of the anterior cruciate ligament and 
showing a state where a through hole is formed from the 
outside of the femur toward the footprint region of the 
anterior cruciate ligament of the femur of the knee joint ; 
0039 FIG . 12B is a schematic view showing a state 
where a cortical bone on an outer side of the femur is 
removed with the drill to the through hole of the femur in the 
state shown in FIG . 12A ; 
[ 0040 ] FIG . 12C is a schematic view showing a state 
where a through hole is formed from the outside of the femur 
of the knee joint in the state shown in FIG . 12B to the 
footprint region of the anterior cruciate ligament with the 
ultrasonic treatment instrument ; 
[ 0041 ] FIG . 12D is a schematic view showing a state 
where a through hole is formed from the outside of the tibia 
toward the footprint region of the anterior cruciate ligament 
of the tibia of the knee joint ; 
[ 0042 ] FIG . 12E is a schematic view showing a state 
where a through hole is formed from the outside of the tibia 
of the knee joint in the state shown in FIG . 12D to the 
footprint region of the anterior cruciate ligament with the 
ultrasonic treatment instrument ; 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0049 ] Embodiments of this invention will be described 
with reference to the drawings . 
[ 0050 ] When a knee joint 100 is treated , for example , a 
treatment system 10 shown in FIG . 1 is used . The treatment 
system 10 includes an arthroscope device 12 , a treatment 
device 14 , and an irrigation device 16 . 
10051 ] The arthroscope device 12 includes an arthroscope 
22 to observe an inner part of the knee joint 100 , i . e . , the 
inside of a joint cavity 110 of a patient , an arthroscope 
controller 24 that performs image processing on the basis of 
a subject image imaged by the arthroscope 22 , and a monitor 
26 that displays the image generated by the image process 
ing in the arthroscope controller 24 . The arthroscope 22 is 
inserted into the joint cavity 110 of the knee joint 100 
through a first portal 102 by a skin cutting portion via which 
the inner part of the knee joint 100 of the patient commu 
nicates with an outer side of skin . A position of the first 
portal 102 is not uniform but is suitably determined in 
accordance with a patient ' s condition . It is also preferable 
that an unshown cannula is disposed to the first portal 102 
and the arthroscope 22 is inserted into the joint cavity 110 of 
the knee joint 100 via the cannula . Additionally , it is drawn 
that the arthroscope 22 and a later - described treatment 
instrument 52 of the treatment device 14 are disposed to face 
each other in FIG . 1 , but the arthroscope and the treatment 
instrument are arranged in a suitable positional relation in 
accordance with a position of a treatment object , or the like . 
10052 ] . The treatment device 14 includes a first treatment 
unit 30 , a second treatment unit 32 , a controller 34 , and 
switches 36a and 36b . The switches 36a and 36b are shown 
as hand switches in FIG . 1 , but may be foot switches . 
[ 0053 ] The controller 34 suitably supplies energy ( electric 
power ) to the first treatment unit 30 in accordance with an 
operation of the switch 36a to form a hole in a bone B . The 
first treatment unit 30 is , for example , a drill . 
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[ 0054 ] The controller 34 suitably supplies energy ( electric 
power ) to a later - described ultrasonic transducer unit 54 of 
the second treatment unit 32 in accordance with an operation 
of the switch 36b to transmit ultrasonic vibration to a 
treatment portion 74 of a later - described probe 66 of the 
second treatment unit 32 . The treatment portion 74 of the 
probe 66 is inserted into the joint cavity 110 of the knee joint 
100 through a second portal 104 by a skin cutting portion via 
which the inner part of the joint 100 of the patient commu 
nicates with the outer side of skin . A position of the second 
portal 104 is not uniform but is suitably determined in 
accordance with the patient ' s condition . It is also preferable 
that an unshown cannula is disposed to the second portal 104 
and the treatment portion 74 of the probe 66 is inserted into 
the joint cavity 110 of the knee joint 100 via the cannula . The 
switch 36b maintains , for example , a driven state of a 
later - described ultrasonic transducer 56b in a state where the 
switch is pressed to be operated , and when the pressed state 
is released , the driven state of the ultrasonic transducer 56b 
is released . 
[ 0055 ] Here , it is described that one switch 36b is dis 
posed , but the switches may be disposed . An amplitude of 
the ultrasonic transducer 56b can suitably be set by the 
controller 34 . In consequence , a frequency of the ultrasonic 
vibration to be output from the later - described ultrasonic 
transducer 56b is the same , but by the operation of the switch 
36b , the amplitude may vary . Therefore , it is also preferable 
that the switch 36b can switch the amplitude of the ultra 
sonic transducer 56b to states such as two large and small 
states . 
[ 0056 ] Additionally , although not shown in the drawing , it 
is also preferable that as the treatment device 14 , there is 
used another treatment unit that dissects a later - described 
region to which an anterior cruciate ligament adheres . In this 
way , in the treatment device 14 , treatment units are suitably 
used . 
[ 0057 ] The irrigation device 16 includes a liquid source 42 
that contains an irrigation liquid such as physiological 
saline , an irrigation pump unit 44 , a liquid supply tube 46 
whose one end is connected to the liquid source 42 , a liquid 
discharge tube 48 , and a suction bottle 50 connected to one 
end of the liquid discharge tube 48 . The suction bottle 50 is 
connected to a suction source attached to a wall of an 
operating room . In the irrigation pump unit 44 , the irrigation 
liquid can be supplied from the liquid source 42 by a liquid 
supply pump 44a . Additionally , in the irrigation pump unit 
44 , suction / suction stop of the irrigation liquid in the joint 
cavity 110 of the knee joint 100 to the suction bottle 50 can 
be switched by opening / closing a pinching valve 44b as a 
liquid discharge valve . 
[ 0058 ] The other end of the liquid supply tube 46 which is 
a liquid supply tube path is connected to the arthroscope 22 . 
In consequence , the irrigation liquid can be supplied into the 
joint cavity 110 of the joint 100 via the arthroscope 22 . The 
other end of the liquid discharge tube 48 which is a liquid 
discharge tube path is connected to the arthroscope 22 . In 
consequence , the irrigation liquid can be discharged from 
the joint cavity 110 of the joint 100 via the arthroscope 22 . 
Additionally , needless to say , the other end of the liquid 
discharge tube 48 may be connected to the treatment instru - 
ment 52 , so that the irrigation liquid can be discharged from 
the joint 100 . It is to be noted that the irrigation liquid can 
be supplied and discharged through another portal . 

[ 0059 ] As shown in FIG . 2 , the second treatment unit 32 
has the ultrasonic treatment instrument 52 and the ultrasonic 
transducer unit 54 . It is preferable that the ultrasonic trans 
ducer unit 54 is attachable to and detachable from the 
ultrasonic treatment instrument 52 , but the unit may be 
integrated with the ultrasonic treatment instrument . The 
ultrasonic transducer unit 54 has a housing ( a transducer 
case ) 56a , the bolt - clamped Langevin - type transducer 56b , 
and a connecting portion 56c at a proximal end of the 
later - described ultrasonic probe 66 . The connecting portion 
56c is formed at a distal end of the transducer 56b . It is 
preferable that the connecting portion 56c projects along a 
central axis C of the ultrasonic transducer unit 54 toward a 
distal side of the housing 56a . A cable 56d having one end 
connected to the transducer 56b and the other end connected 
to the controller 34 extends out from a proximal end of the 
housing 56a of the ultrasonic transducer unit 54 . The trans 
ducer 56b and the connecting portion 56c form an integrated 
vibrating body 58 . 
[ 0060 ] The housing 56a supports a supported portion 58a 
of the vibrating body 58 . The ultrasonic transducer unit 54 
is known and thus a detailed description is omitted . In a state 
where vibration is generated in the transducer 56b , the 
connecting portion 56c and a proximal end of the transducer 
56b constitute antinodes of the vibration . It is to be noted 
that although not shown in FIG . 2 , the switch 36b is 
preferably disposed in the housing 56a of the ultrasonic 
transducer unit 54 or in a later - described housing 62 of the 
ultrasonic treatment instrument 52 . 

[ 0061 ] The ultrasonic treatment instrument 52 includes the 
housing ( a handle ) 62 , a tubular body ( an outer tube ) 64 
extending out from the housing 62 along the central axis C , 
and the ultrasonic probe 66 inserted into the tubular body 64 . 
Here , in the ultrasonic treatment instrument 52 , a side on 
which the housing 62 is positioned relative to the tubular 
body 64 is defined as a proximal side ( an arrow C1 side ) , and 
a side opposite to the proximal side is defined as a distal side 
( an arrow C2 side ) . The tubular body 64 is attached to the 
housing 62 from the distal side . Furthermore , the ultrasonic 
treatment instrument 52 has the later - described treatment 
portion 74 in a portion on the distal side to the tubular body 
64 . 
[ 0062 ] The housing 62 and the tubular body 64 of the 
ultrasonic treatment instrument 52 are made of a material 
having insulating properties . The housing 56a of the ultra 
sonic transducer unit 54 is attachably / detachably connected 
to the housing 62 of the ultrasonic treatment instrument 52 . 
It is also preferable that the housing 62 of the ultrasonic 
treatment instrument 52 and the housing 56a of the ultra 
sonic transducer unit 54 are integrated . 
[ 0063 ] A rotary knob ( not shown ) of a rotary operating 
member may be attached to the housing 62 of the treatment 
instrument 52 . The rotary knob is rotatable relative to the 
housing 62 in a periaxial direction of the central axis of the 
tubular body 64 . By the rotation of the rotary knob , the 
housing 56a of the ultrasonic transducer unit 54 , the tubular 
body 64 , the later - described treatment portion 74 and a 
probe main body portion 72 rotate together relative to the 
housing 62 in the periaxial direction of the central axis C of 
the probe main body portion 72 . 
( 0064 ] Outer peripheral surfaces of the housing 62 and the 
tubular body 64 of the ultrasonic treatment instrument 52 
have insulating properties . The ultrasonic probe 66 is made 
of a material that is capable of transmitting the ultrasonic 
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vibration , e . g . , a metal material such as a titanium alloy 
material . At the proximal end of the probe 66 , there is fixed 
the connecting portion 56c of the ultrasonic transducer unit 
54 that is fixed to the housing 62 . It is preferable that a total 
length of the probe 66 is , for example , an integer multiple of 
a half - wave length based on a resonance frequency of the 
transducer 56b . The total length of the probe 66 is not 
limited to the integer multiple of the half - wave length based 
on the resonance frequency of the transducer 56b , and is 
suitably adjusted in accordance with the material , an ampli 
tude enlargement ratio , or the like . Therefore , the total length 
of the probe 66 may be an approximate integer multiple of 
the half - wave length based on the resonance frequency of 
the transducer 56b . In the vibrating body 58 and the probe 
66 , materials or lengths thereof are suitably set to vibrate as 
a whole at the resonance frequency of the transducer 56b and 
a frequency in an output of the controller 34 . 
[ 0065 ] As shown in FIG . 2 and FIG . 3A , the ultrasonic 
probe 66 includes the probe main body portion 72 , and 
includes the treatment portion 74 that is disposed on the 
distal side of the probe main body portion 72 and that is 
capable of forming a hole in a bone of a treatment object by 
the ultrasonic vibration . The ultrasonic vibration generated 
in the ultrasonic transducer 56b is transmitted to the probe 
main body portion 72 via the connecting portion 56c of the 
vibrating body 58 . The ultrasonic vibration generated in the 
ultrasonic transducer 56b is transmitted to the treatment 
portion 74 via the connecting portion 56c and the probe main 
body portion 72 
[ 0066 ] It is preferable that the probe main body portion 72 
is formed straight . It is preferable that the treatment portion 
74 extends straight out from a distal end of the probe main 
body portion 72 on the distal side , but the treatment portion 
74 may suitably be bent in consideration of visibility of the 
treatment portion 74 to the arthroscope 22 . Therefore , the 
central axis C of the probe main body portion 72 may match 
a longitudinal axis L of the treatment portion 74 or may be 
different therefrom . 
[ 0067 ] The treatment portion 74 includes a cutting portion 
82 . As a projection shape when the proximal side is seen 
from the distal side along the longitudinal axis L of the 
treatment portion 74 , the cutting portion 82 has a polygonal 
shape such as a rectangular shape shown in FIG . 3B and 
FIG . 3C or an elliptical shape ( including an approximately 
elliptical shape ) shown in FIG . 3D and FIG . 3E . The 
projection shape may be an approximately polygonal shape 
close to the elliptical shape . The polygonal shape may be a 
regular polygon . The projection shape may be an approxi 
mately polygonal shaped rectangle having round corners , or 
an approximately elliptical shape such as a track shape of an 
athletic field . For this reason , the projection shape is formed 
into a suitable shape such as the polygonal shape such as the 
approximately polygonal shape , the elliptical shape , or the 
approximately elliptical shape . 
[ 0068 ] As shown in FIG . 4A , the cutting portion 82 of the 
treatment portion 74 is moved so that the treatment portion 
74 applies a force F to a bone B on the distal side along the 
longitudinal axis L in a state where the ultrasonic vibration 
is transmitted to the probe main body portion 72 . Because of 
this , the probe 66 is moved straight or generally straight to 
the distal side along the central axis C . At this time , the bone 
is resected with the treatment portion 74 . 
[ 0069 ] The cutting portion 82 includes a block body 86 in 
a distal portion of the treatment portion 74 . The block body 

86 is formed into a block shape to determine an outer shape 
( a contour of the hole ) when the bone B is resected . The 
block body 86 has a pillar - shaped portion 86a , and a convex 
portion 86b projecting out from the pillar - shaped portion 
86a to the distal side along the longitudinal axis L . The 
pillar - shaped portion 86a is formed into a shape of a pillar 
such as a polygonal pillar or an elliptical pillar . The pillar 
shaped portion 86a and the convex portion 86b are integrally 
formed by cut processing or the like . 
[ 0070 A cross section of the pillar - shaped portion 86a of 
the block body 86 of the cutting portion 82 which is 
perpendicular to the longitudinal axis L is formed into the 
same shape or approximately the same shape from a distal 
end 87a to a proximal end 87b along the longitudinal axis L . 
An outer peripheral surface of the pillar - shaped portion 86a 
is continuous with the proximal side of the distal end 87a of 
the pillar - shaped portion 86a along the longitudinal axis L . 
Therefore , the cross section of the pillar - shaped portion 86a , 
which is perpendicular to the longitudinal axis L , is formed 
into the same area or approximately the same area from the 
distal end 87a to the proximal end 87b . The distal end 87a 
of the pillar - shaped portion 86a determines a maximum 
outer shape region ( the contour of the hole ) when the bone 
B is resected . The outer peripheral surface of the pillar 
shaped portion 86a has the same projection shape as the 
projection shape of the cutting portion 82 when its proximal 
side is seen from the distal side along the longitudinal axis 
L of the treatment portion 74 . In this way , an outer shape of 
the cutting portion 82 of the treatment portion 74 is formed 
in accordance with a shape of the hole to be formed by 
resecting the bone B ( see FIG . 4B ) . 
[ 0071 ] A polygonal pillar of the pillar - shaped portion 86a 
is formed into a suitable shape or a shape close to the 
suitable shape , e . g . , a triangular pillar , a quadrangular pillar , 
a pentangular pillar , a hexagonal pillar or the like . In the 
pillar - shaped portion 86a , distinct corners do not necessarily 
have to be formed . Furthermore , the distal end 87a of the 
pillar - shaped portion 86a does not have to be a regular 
polygon , and is also preferably formed to be flat . Therefore , 
the hole can be formed into a desire shape by use of the 
probe 66 according to the present embodiment . 
[ 0072 ] It is preferable that the projection shape of the 
cutting portion 82 is a polygonal shape such as an approxi 
mately rectangular shape shown in FIG . 3B and FIG . 3C , or 
the elliptical shape shown in FIG . 3D and FIG . 3E . In a case 
of performing reconstruction of the anterior cruciate liga 
ment by use of a later - described STG tendon 212 ( see FIG . 
7 ) , an outer shape of a cross section of an implanted tendon 
which is perpendicular to the longitudinal axis is formed as 
an approximately rectangular shape of about 4 mmx5 mm . 
Because of this , in a case where , as one example , the 
projection shape of the cutting portion 82 is an approxi 
mately rectangular shape , it is preferable that a size of the 
outer shape of the cross section perpendicular to the longi 
tudinal axis L is , for example , about 4 mmx5 mm . 
[ 0073 ] The convex portion 86b is formed on the distal side 
of the pillar - shaped portion 86a . The convex portion 865 
projects out from the distal end 87a of the pillar - shaped 
portion 86a to the distal side along the longitudinal axis L , 
and is formed into a conical shape or an approximately 
conical shape based on the projection shape of the cutting 
portion 82 . A top portion 86c of the convex portion 86b of 
the cutting portion 82 is formed at a suitable position on the 
distal side along the longitudinal axis L to the pillar - shaped 
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portion 86a . The top portion 86c of the convex portion 865 
of the cutting portion 82 is formed in a range of a projection 
shape of a boundary ( the distal end 87a of the pillar - shaped 
portion 86a ) between the convex portion of the cutting 
portion 82 and the pillar - shaped portion 86a thereof when 
the proximal side is seen from the distal side along the 
longitudinal axis L . A line connecting one point of the 
boundary between the convex portion 86b of the cutting 
portion 82 and the pillar - shaped portion 86a of the cutting 
portion 82 to the top portion 86c may be a straight line or a 
curved line . Therefore , the convex portion 86b of the cutting 
portion 82 is not limited to the conical shape and may have 
the approximately conical shape . Furthermore , the top por 
tion 86c does not have to be sharpened and may have an 
obtuse shape . 
[ 0074 ] Here , it is defined that the convex portion 86b of 
the cutting portion 82 is formed as a quadrangular pyramid 
shown in FIG . 3C . A contact area between the top portion 
86c of the convex portion 86b of the cutting portion 82 and 
the bone is small in an initial state when the bone is resected . 
Because of this , the bone can start to be cut in a state where 
friction between the cutting portion 82 and the bone is 
decreased . 
[ 00750 Here , the top portion 86c at the topmost end of the 
convex portion 86b of the cutting portion 82 is appropriately 
sharp . When the top portion 86c is brought into contact with 
or pressed onto the bone B with suitable force , it is difficult 
for the top portion to slip to the bone B as compared with the 
obtuse shape . For this reason , when the ultrasonic vibration 
is transmitted to the probe 66 in the state where the top 
portion 86c is brought into contact with or pressed onto the 
bone B with suitable force , it is difficult for the top portion 
to slip to the bone B , and for the position to shift in a case 
where a hole 200 ( see FIG . 4A and FIG . 4B ) starts to be 
opened . Therefore , when the top portion 86c is appropriately 
sharp , it is difficult for the position of the top portion 86c at 
the topmost end of the convex portion 86b of the cutting 
portion 82 to shift to the bone B , and it becomes easy to 
determine a position at which the hole 200 is to be formed . 
10076 ] . As shown in FIG . 3A to FIG . 3C , the treatment 
portion 74 includes a discharging portion 84 to discharge 
cutting debris of the bone resected by the cutting portion 82 
from the cutting portion 82 toward the proximal side along 
the longitudinal axis L . Apart of the discharging portion 84 
is disposed in the cutting portion 82 . The discharging portion 
84 includes concave portions 92 formed in an outer periph 
eral surface of the cutting portion 82 and a shaft portion 94 
disposed on the proximal side of the cutting portion 82 . 
[ 0077 ] As shown in FIG . 3B , in the outer peripheral 
surface of the cutting portion 82 , there are formed the 
concave portions 92 of the discharging portion 84 that 
decreases the contact area between the treatment portion 74 
and the bone , and which becomes a discharge path of the 
cutting debris . Here , each of the concave portions 92 is 
formed into a wavelike shape having a bottom surface at a 
position dented to outer peripheral surfaces of the pillar 
shaped portion 86a and the convex portion 86b . The bottom 
surface of the concave portion 92 is closer to the central axis 
C ( the longitudinal axis L ) than the pillar - shaped portion 
86a . The concave portions 92 do not necessarily have to be 
formed in the convex portion 866 ( see FIG . 5A ) . 
[ 0078 ] The shaft portion 94 is extended from the block 
body 86 of the cutting portion 82 to the proximal side along 
the longitudinal axis L . The shaft portion 94 is interposed 

between the distal end of the probe main body portion 72 
and the proximal end 87b of the block body 86 of the cutting 
portion 82 . A projection shape of the shaft portion 94 when 
its proximal side is seen from the distal side along the 
longitudinal axis L falls within a range of a projection shape 
of the block body 86 of the cutting portion 82 . 
[ 0079 ] The shaft portion 94 has a distal portion 94a that is 
continuous with a proximal end of the block body 86 . In the 
distal portion 94a of the shaft portion 94 , a cross - sectional 
area of a cross section perpendicular to the longitudinal axis 
L decreases from the distal side toward the proximal side 
along the longitudinal axis L . The shaft portion 94 also has 
a range in which the cross - sectional area of the cross section 
perpendicular to the longitudinal axis L increases from the 
distal side toward the proximal side , or is maintained to be 
constant in a range on the proximal side of the distal portion 
94a . That is , the shaft portion 94 has a narrowed range 
between its distal end and its proximal end . A boundary 
between the distal portion 94a of the shaft portion 94 and the 
proximal end of the block body 86 ( the distal end 87a of the 
pillar - shaped portion 86a ) has a shape to prevent stress 
concentration in a state where the ultrasonic vibration is 
transmitted . Therefore , a boundary between the distal por 
tion 94a of the shaft portion 94 and the proximal end 87b of 
the pillar - shaped portion 86a of the block body 86 is 
smoothly continuous . Note that when the treatment portion 
74 is seen from the distal side toward the proximal side 
along the longitudinal axis L , the shaft portion 94 is hidden 
behind the block body 86 and cannot be observed . There 
fore , the shaft portion 94 that is continuous with the proxi 
mal side of the block body 86 can be a part of the discharg 
ing portion 84 to discharge the cutting debris of the bone or 
a liquid such as an irrigation liquid to the proximal side 
along the longitudinal axis L . 
[ 0080 ] When the treatment portion 74 is seen from the 
distal side to the proximal side in a direction indicated by an 
arrow 3C in FIG . 3A , in other words along the longitudinal 
axis L , outer shapes of the convex portion 86b of the cutting 
portion 82 and the pillar - shaped portion 86a thereof are 
observed as an outer shape of the treatment portion 74 as 
shown in FIG . 3C . At this time , the concave portions 92 of 
the discharging portion 84 are formed in the pillar - shaped 
portion 86a , but in an outer edge of the treatment portion 74 
in FIG . 3C , the outer peripheral surface of the pillar - shaped 
portion 86a appears at least once between the distal end 87a 
of the pillar - shaped portion 86a and the proximal end 87b 
thereof . Therefore , the cutting portion 82 determines the 
maximum outer shape region . Accordingly , when the proxi 
mal side is seen from the distal side along the longitudinal 
axis L , the projection shape of the cutting portion 82 forms 
the shape of the hole when the bone B is resected by using 
the treatment instrument 52 . 
[ 0081 ] The concave hole 200 of the desired shape has , for 
example , an opening edge 202 of the same shape and size as 
in the projection shape of the cutting portion 82 of the 
treatment portion 74 when the proximal side is seen from the 
distal side along the longitudinal axis L , and the concave 
hole is dented straight to an inner side in the same shape as 
the shape of the opening edge 202 . Therefore , one example 
of the desired shape of the hole 200 is a rectangular shape 
having a suitable depth . 
[ 0082 ] Next , an operation of the treatment system 10 
according to this embodiment will be described . Here , there 
will be described a case where the concave hole 200 is 
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formed in the bone B by use of the ultrasonic probe 66 of the 
second treatment unit 32 after a through hole or a concave 
hole is formed in a femur 112 . 
[ 0083 ] The ultrasonic transducer unit 54 is attached to the 
ultrasonic treatment instrument 52 to form the second treat 
ment unit 32 . At this time , the proximal end of the ultrasonic 
probe 66 is connected to the connecting portion 56c of the 
ultrasonic transducer unit 54 . Here , for the purpose of 
simplifying the description , it is defined that the central axis 
C of the probe main body portion 72 matches the longitu 
dinal axis L of the treatment portion 74 . 
10084 ] When the switch 36b is operated , the controller 34 
supplies energy to the ultrasonic transducer 56b of the 
vibrating body 58 fixed to the proximal end of the ultrasonic 
probe 66 , to generate the ultrasonic vibration in the ultra 
sonic transducer 56b . Because of this , the ultrasonic vibra 
tion is transmitted to the ultrasonic probe 66 via the vibrating 
body 58 . This vibration is transmitted from the proximal end 
of the ultrasonic probe 66 toward the distal side . At this time , 
the connecting portion 56c at a distal end of the vibrating 
body 58 and a proximal end of the vibrating body 58 are 
antinodes of the vibration . One point on the central axis C 
on an inner side of the supported portion 58a is a node of the 
vibration . The proximal end of the ultrasonic probe 66 which 
is connected to the connecting portion 56c of the vibrating 
body 58 is an antinode of the vibration , and the cutting 
portion 82 of the treatment portion 74 is an antinode of the 
vibration . 
[ 0085 ] The cutting portion 82 of the treatment portion 74 
is the antinode of the vibration , so the cutting portion 82 is 
displaced along the longitudinal axis L at a rate ( e . g . , several 
thousand m / s ) based on the resonance frequency of the 
transducer 56b . Therefore , when the treatment instrument 52 
is moved toward the distal side along the longitudinal axis 
L ( the central axis C ) to press the treatment portion 74 onto 
the bone B in the state where the vibration is transmitted , a 
region of the bone B which is in contact with the treatment 
portion 74 is shattered by an operation of the ultrasonic 
vibration . Therefore , as the treatment instrument 52 , i . e . , the 
probe 66 moves toward the distal side along the longitudinal 
axis L ( the central axis C ) , the concave hole 200 is formed 
in the bone B along the longitudinal axis L of the treatment 
portion 74 of the ultrasonic probe 66 . 
[ 0086 ] Here , the top portion 86c at the topmost end of the 
convex portion 86b of the cutting portion 82 is appropriately 
sharp . When the top portion 86c is brought into contact with 
or pressed onto the bone B with suitable force , it is difficult 
for the top portion 86c to slip to the bone B as compared with 
the obtuse shape . Because of this , when the ultrasonic 
vibration is transmitted to the probe 66 in the state where the 
top portion 86c is brought into contact with or pressed onto 
the bone B with suitable force , it is difficult for the top 
portion to slip to the bone B and to shift in the case of 
starting opening the hole 200 ( see FIG . 4A and FIG . 4B ) . 
Therefore , when the top portion 86c is suitably sharp , it is 
difficult for the position of the top portion 86c at the topmost 
end of the convex portion 86b of the cutting portion 82 to 
shift to the bone B , and it becomes easy to determine the 
position where the hole 200 is to be formed . 
[ 0087 ] Additionally , in a case where the bone B is present 
under a cartilage , when the treatment portion 74 of the 
ultrasonic probe 66 is pressed onto the cartilage toward the 
distal side along the longitudinal axis L , a region of the 
cartilage which is in contact with the treatment portion 74 is 

excised by the operation of the ultrasonic vibration , and a 
concave hole is formed in the cartilage . 
[ 0088 ] The concave portions 92 of the discharging portion 
84 are respectively formed in the convex portion 86b and the 
pillar - shaped portion 86a of the treatment portion 74 of the 
ultrasonic probe 66 . The concave portions 92 of the dis 
charging portion 84 are formed whereby , in the case where 
the concave hole 200 is formed in the bone B , the contact 
area between the cutting portion 82 and the bone B is smaller 
than in a case where the concave portions 92 are not formed . 
Thus , the friction between the cutting portion 82 and the 
bone B is decreased to inhibit generation of frictional heat in 
the treatment portion 74 and the bone B . Also , due to the 
presence of the concave portions 92 , a surface area of the 
cutting portion 82 increases as compared with the case 
where the concave portions 92 are not formed . Ajoint liquid 
or the irrigation liquid is present in the joint 100 , and thus 
in the treatment portion 74 , a heat radiation ability improves 
due to the presence of the concave portions 92 , and the 
treatment portion is suitably cooled . Furthermore , the cut 
ting debris of the bone B is disposed in the concave portions 
92 . The concave portions 92 are continuous from the distal 
end 87a of the pillar - shaped portion 86a to the proximal end 
87b thereof . Because of this , the cutting debris of the bone 
B , once entering the concave portions 92 , moves along the 
concave portions 92 which are continuous from the distal 
end 87a of the pillar - shaped portion 86a to the proximal end 
87b thereof . Therefore , the cutting debris of the bone B is 
easily discharged to the proximal side of the treatment 
portion 74 through the distal end 87a of the pillar - shaped 
portion 86a and the proximal end 87b thereof . Thus , the 
treatment portion 74 of the treatment unit 32 is capable of 
forming the concave hole 200 at the suitable rate . 
F00891 . When the proximal side of the treatment portion 74 
is seen from the distal side along the longitudinal axis L , the 
shaft portion 94 of the discharging portion 84 cannot be 
observed due to the presence of the pillar - shaped portion 86a 
of the cutting portion 82 . Therefore , when forming the 
concave hole 200 , a space is formed between the proximal 
end 87b of the pillar - shaped portion 86a , the shaft portion 
94 , and a lateral surface of the bone hole 200 . Therefore , the 
cutting debris of the bone B is discharged from the proximal 
end 87b of the pillar - shaped portion 86a toward the space 
between the shaft portion 94 and the lateral surface of the 
bone hole 200 . 
[ 0090 ] In this way , the cutting debris of a region of the 
bone B which is treated with the treatment portion 74 is 
discharged to the proximal side through the concave por 
tions 92 of the discharging portion 84 along the longitudinal 
axis L . In particular , the inside of the joint 100 is filled with 
the joint liquid . Furthermore , in the joint 100 , the irrigation 
liquid circulates . Because of this , the joint liquid or the 
irrigation liquid becomes a lubricant to easily discharge the 
cutting debris of the bone B from the cutting portion 82 to 
the proximal side along the longitudinal axis L . In the case 
where the concave hole 200 is formed to the desired depth 
in the bone B , the pressed switch 36b is released to stop the 
generation of the ultrasonic vibration . Then , the ultrasonic 
probe 66 is moved to the proximal side along the longitu 
dinal axis L . 
[ 0091 ] As shown in FIG . 4B , the concave hole 200 formed 
in the bone B is formed into the same shape as that of an 
outer edge of the pillar - shaped portion 86a of the cutting 
portion 82 from the inlet 202 of the hole to an inner region 
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204 . An innermost position 206 of the concave hole 200 is 
formed into the same shape as that of an outer shape of the 
convex portion 86b including the top portion 86c . That is , as 
shown in FIG . 4A , in a case where the ultrasonic vibration 
is transmitted to the probe 66 of the ultrasonic treatment 
instrument 52 to form the concave hole 200 in the bone B , 
the shape of the cutting portion 82 of the treatment portion 
74 can be copied . 
10092 ] The pillar - shaped portion 86a of the cutting portion 
82 of the probe 66 maintains a region constituting the 
maximum outer shape region from the distal end 87a to the 
proximal end 87b , and imparts a certain degree of length 
along the longitudinal axis L . That is , an outer shape of the 
pillar - shaped portion 86a from the distal end 87a toward the 
proximal end has a certain degree of length parallel to the 
longitudinal axis L . Therefore , when the probe 66 is moved 
straight along the longitudinal axis L , the hole 200 can be 
formed straight along the longitudinal axis L with the 
pillar - shaped portion 86a of the cutting portion 82 . 
[ 0093 ] The ultrasonic vibration is transmitted to the probe 
66 of the treatment unit 32 according to this embodiment , 
and the ultrasonic vibration is applied to a region of the bone 
B in which the hole is to be formed , whereby the region of 
the bone B , which is in contact with the cutting portion 82 
of the treatment portion 74 at a distal end of the probe 66 , 
is finely shattered and cut . The distal portion of the treatment 
portion 74 is formed into a convex shape ( the convex portion 
86b ) , and additionally , the concave portions 92 of the 
discharging portion 84 to discharge the cutting debris of the 
bone B are formed in the cutting portion 82 . For this reason , 
as compared with the cutting portion 82 which does not have 
the convex portion 86b and keeps the projection shape of the 
pillar - shaped portion 86a in an axial direction , the cutting 
portion having the convex portion 86b and the concave 
portions 92 of the discharging portion 84 can proceed with 
a hole opening processing earlier . 
[ 0094 ) . The cutting portion 82 is moved along the longi 
tudinal axis L , so that the shape of the distal end 87a of the 
pillar - shaped portion 86a when the treatment portion 74 is 
seen from the distal side along the longitudinal axis L can be 
copied to the opening edge of the concave hole 200 . Because 
of this , the projection shape of the cutting portion 82 along 
the longitudinal axis L is the same as the desired shape of the 
concave hole 200 . The bone B is further dug with the cutting 
portion 82 , so that the concave hole 200 having the desired 
shape and desired depth can be opened in the bone B . 
[ 0095 ] In addition , the distal portion of the treatment 
portion 74 is formed into a convex shape ( the convex portion 
86b ) , and due to the concave portions 92 of the discharging 
portion 84 , the contact area between the bone B and the 
cutting portion 82 decreases , whereby the cutting debris is 
further easily discharged to the proximal side of the cutting 
portion 82 . Therefore , when cutting the bone B , it is possible 
to inhibit the generation of the frictional heat between the 
treatment portion 74 and the bone B and to increase a 
processing rate . 
[ 0096 ] It is to be noted that the treatment portion 74 of the 
probe 66 of the ultrasonic treatment instrument 52 is not 
limited to the treatment portion shown in FIG . 2A , and 
various shapes such as the shapes shown in FIG . 5A to FIG . 
6C are allowed . 
10097 ] In an example shown in FIG . 5A , a shape of the 
concave portion 92 of the discharging portion 84 of the 

treatment portion 74 is different from that of the discharging 
portion 84 of the treatment portion 74 shown in FIG . 2 . 
10098 ] . In an example shown in FIG . 5B , the discharging 
portion 84 of the treatment portion 74 is not present . 
[ 0099 ] In an example shown in FIG . 6A , the number of the 
top portions 86c of the treatment portion 74 is plural ( three ) . 
0100 ] In an example shown in FIG . 6B , the number of the 
top portions 86c of the treatment portion 74 is plural ( two ) . 
[ 0101 ] In an example shown in FIG . 6C , the convex 
portion 86b of the cutting portion 82 is formed into a 
hemispherical shape . It is preferable that a size of the convex 
portion 86b is the same as or slightly smaller than a hole 
diameter of a hole ( a drilled hole ) formed with the drill 30 . 
In the treatment portion 74 of the example shown in FIG . 
6C , the ultrasonic vibration is transmitted to the convex 
portion 86b inserted in the drilled hole . The convex portion 
86b is guided to the drilled hole , and by use of the drilled 
hole as a guide hole , the concave hole 200 ( see FIG . 4B ) is 
formed straighter . 
[ 0102 ] A first procedure example will be described with 
reference to FIG . 7 and FIG . 8A to FIG . 8E . FIG . 8A to FIG . 
8E schematically show a state where the femur 112 , a tibia 
114 , and the joint cavity 110 of the knee joint 100 are seen 
from the anterior side . Arrows in FIG . 8A to FIG . 8D 
indicate a bone excising direction ( a moving direction of the 
probe 66 along the longitudinal axis L ) . 
[ 0103 ] Here , an example is described where a semitendi 
nosus tendon or a gracilis tendon that is present on an inner 
side of the knee is used as the implanted tendon . This 
implanted tendon is referred to as the STG tendon . As shown 
in FIG . 7 , the STG tendon as the implanted tendon is folded 
several times to be formed to a suitable length as a part of 
the implanted tendon 210 . The implanted tendon 210 has the 
STG tendon 212 , a suspension fixture 214a disposed at one 
end of the STG tendon 212 via suture threads 214 and , for 
example , a pair of artificial ligaments 216 fixed to the other 
end of the STG tendon 212 . The artificial ligaments 216 are 
prepared in the form of strings made of , for example , 
polyester or the like . A string 214b wound around the fixture 
214a is used in taking the fixture 214a from the knee joint 
100 to the outside of the femur 112 through a later - described 
concave hole 222 and a later - described through hole ( a 
drilled hole ) 220 . An outer shape of a cross section of the 
STG tendon 212 , which is perpendicular to a longitudinal 
axis , is an approximately rectangular shape , an approxi 
mately elliptical shape close to a rectangular shape , or the 
like . Furthermore , the outer shape of the STG tendon 212 
has a size of , for example , about 4 mmx5 mm . It is 
preferable that , among the bone holes 220 and 222 and a 
bone hole 224 which will be described later , a position into 
which the STG tendon 212 is to be inserted has a size and 
a shape which conform to the outer shape of the STG tendon 
212 . Consequently , when the implanted tendon 210 is 
formed , a size of the STG tendon 212 is beforehand mea 
sured . It is to be noted that the STG tendon 212 is preferably 
collected before dissecting a region to which a damaged 
anterior cruciate ligament adheres . 
[ 0104 ] It is preferable that the implanted tendon 210 is 
disposed in the same region as the region to which the 
damaged anterior cruciate ligament adheres . Because of this , 
the region to which the damaged anterior cruciate ligament 
adheres is dissected by using an unshown treatment unit , to 
clarify footprint regions 116 and 118 to which the anterior 
cruciate ligament has adhered . At this time , a suitable 
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implanted tendon 210 . A bottom surface of the bone hole 
222 is continuous with the bone hole 220 . 
[ 0108 ] At this time , the top portion 86c of the convex 
portion 86b of the cutting portion 82 of the treatment 
instrument 52 is inserted in the drilled hole 220 , and hence 
during preparation of the concave hole 222 , the drilled hole 
220 can be a guide for the treatment instrument 52 . Conse 
quently , a central axis of the bone hole 222 matches or 
substantially matches a central axis of the bone hole 220 in 
the bottom surface of the bone hole 222 . Therefore , the 
concave hole 222 is easily formed straight . 
[ 0109 ] Furthermore , also as to the tibia 114 , a central area 
of a marked region of the footprint region 118 is cut from the 
inside of the joint 100 to the outside of the tibia 114 with the 
drill 30 , to form the through hole ( the drilled hole ) 224 
straight to the tibia 114 as shown in FIG . 8C . The through 
hole 224 may be formed to extend from the outside of the 
joint 100 through the footprint region 118 in the joint 100 . 
Further , a concave hole 226 shown in FIG . 8D is formed in 
a predetermined orientation in the marked region of the 
footprint region 118 of the tibia 114 by use of the treatment 
instrument 52 to which the ultrasonic vibration is transmit 
ted . 

ultrasonic treatment instrument , an abrader , or the like are 
usable . Positions to form the later - described bone holes 220 
and 224 to the footprint regions 116 and 118 are determined 
by marking or the like . A lateral cross section of the 
treatment portion 74 of the treatment instrument 52 men 
tioned above is not circular , thus the treatment portion has an 
orientation . Therefore , orientations of the bone holes 220 
and 224 to be formed in the footprint regions 116 and 118 are 
also determined . Although not shown in the drawing , the 
footprint region 116 is present in a lateral wall posterior 
region of an intercondylar fossa of the femur 112 . Further 
more , the footprint region 118 is present on an inner side of 
an anterior intercondylar area of the tibia 114 . 
[ 0105 ] Here , a procedure is performed using an inside - out 
method . To the femur 112 , the drill ( the first treatment unit ) 
30 is inserted from the suitable portal 104 into the joint 
cavity 110 of the knee joint 100 . At this time , a distal end of 
the drill 30 can be brought directly into contact with the 
footprint region 116 . Therefore , in a case where the bone 
hole 220 is formed , a known guide wire and a known guide 
are not required . Thus , a central area of a marked region of 
the footprint region 116 is cut from the inside of the joint 100 
to the outside of the femur 112 with the drill 30 , to form the 
through hole ( the drilled hole ) 220 shown in FIG . 8A straight 
to the femur 112 . A diameter of the drill 30 is adjusted into 
such a diameter that the suspension fixture 214a ( see FIG . 7 ) 
can be passed from a joint cavity 110 side through a cortical 
bone on an outer side of the femur 112 . The drill 30 is pulled 
out from the portal 104 after the through hole 220 is formed . 
[ 0106 ] Next , as shown in FIG . 8B , the bone hole ( the 
concave hole ) 222 into which the implanted tendon 210 is 
inserted is formed by using the ultrasonic treatment instru 
ment 52 shown in FIG . 2 . After the implanted tendon 210 is 
prepared , the treatment portion 74 of the probe 66 of the 
ultrasonic treatment instrument 52 is attached to the opening 
edge of the bone hole 220 formed with the drill 30 in the 
joint 100 . At this time , it is preferable that the vicinity of a 
distal end of the cutting portion 82 of the treatment instru 
ment 52 which includes the top portion 86c of the convex 
portion 86b is present in the drilled hole 220 . 
[ 0107 ] A projection shape of the treatment portion 74 of 
the ultrasonic treatment instrument 52 , when its proximal 
side is observed from the distal side along the longitudinal 
axis L , is formed in a size to cover the opening edge of the 
bone hole 220 . Thus , the cross section of the pillar - shaped 
portion 86a of the treatment portion 74 of the ultrasonic 
treatment instrument 52 which is perpendicular to the lon 
gitudinal axis L has the same size and shape or about the 
same size and shape from the distal end 87a to the proximal 
end 87b . For this reason , in the state where the ultrasonic 
vibration is transmitted to the probe 66 , the approximately 
rectangular parallelepiped concave hole ( a second bone 
hole ) 222 similar to the concave hole shown in FIG . 4B is 
formed in a predetermined orientation in the marked region 
of the footprint region 116 shown in FIG . 4B . That is , in the 
state where the ultrasonic vibration is transmitted to the 
treatment portion 74 of the ultrasonic treatment instrument 
52 , the ultrasonic vibration is applied from the treatment 
portion 74 to the femur 112 . Consequently , the bone hole 
220 of the femur 112 is cut from the inside of the knee joint 
100 along a predetermined depth . As a result , a region of the 
bone hole 220 on a joint 100 side is expanded , thereby 
forming the bone hole 222 of a suitable shape to receive the 

[ 0110 ] The fixture 214a at one end of the implanted tendon 
210 by the STG tendon 212 is taken out from , for example , 
the second portal 104 to the outside of the femur 112 via the 
concave hole 222 and the drilled hole 220 of the femur 112 . 
At this time , the outer shape of the STG tendon 212 is 
approximately rectangular as described above , thus the 
implanted tendon 210 is disposed in accordance with the 
orientation of the concave hole 222 . On the other hand , the 
other end of the implanted tendon 210 is taken out from the 
tibia 114 via the concave hole 226 and the drilled hole 224 
of the tibia 114 . Then , a tensile force of the implanted tendon 
210 is suitably adjusted in accordance with a bent state of the 
knee joint 100 to fix the other end of the implanted tendon 
210 to the outer side of the tibia 114 with a fixture 218 such 
as a staple ( a screw may be used ) as shown in FIG . 8E . 
[ 0111 ] To these approximately rectangular concave holes 
222 and 226 , the STG tendon 212 of the approximately 
rectangular implanted tendon 210 is disposed in accordance 
with the orientation of the concave holes 222 and 226 . Thus , 
a clearance formed between the STG tendon 212 of the 
implanted tendon 210 and the concave hole 222 and a 
clearance formed between the STG tendon 212 and the 
concave hole 226 become smaller as much as possible . 
Furthermore , the clearance between the STG tendon 212 and 
the bone is small , and thus a space volume to be regenerated 
as the bone is smaller , facilitating the formation of a liga 
ment by the STG tendon 212 . Also , the clearance is 
decreased , whereby it is possible to decrease an amount of 
the joint liquid to enter the bone holes 222 and 226 and to 
inhibit enlargement of the bone holes 222 and 226 due to the 
joint liquid . Furthermore , the concave holes 222 and 226 are 
formed with the treatment portion 74 of the ultrasonic 
treatment instrument 52 having the block - shaped cutting 
portion 82 shown in FIG . 2 , whereby the holes are not 
expanded with a dilator . Therefore , even in patients with low 
bone density , bone fracturing can be suppressed , so it is easy 
to perform an operation using the implanted tendon 210 . 
[ 0112 ] The shape of the concave holes 222 and 226 is 
copied from the shape of the treatment portion 74 of the 
probe 66 of the ultrasonic treatment instrument 52 shown in 
FIG . 2 and FIG . 3A . Because of this , in a case where the 
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outer shape of the cross section of the pillar - shaped portion 
86a of the treatment portion 74 of the probe 66 of the 
ultrasonic treatment instrument 52 which is perpendicular to 
the longitudinal axis L is not rectangular but is elliptical , the 
elliptical concave holes are formed . In a case where the outer 
shape of the cross section of the pillar - shaped portion 86a of 
the treatment portion 74 of the probe 66 of the ultrasonic 
treatment instrument 52 , which is perpendicular to the 
longitudinal axis L , is not rectangular but is suitably polygo 
nal , the concave holes of the polygonal shape are formed . 
The shape of the treatment portion 74 is selected in accor 
dance with the shape of the STG tendon 212 of the 
implanted tendon 210 . 
[ 0113 ] It is to be noted that there has been described an 
example where the through hole 220 shown in FIG . 8A is 
formed by using the drill 30 here , but the through hole may 
be formed by applying the ultrasonic vibration from the 
treatment portion 74 to the femur 112 in a state where the 
ultrasonic vibration is transmitted to the treatment portion 74 
of the ultrasonic treatment instrument 52 . That is , it is also 
preferable that the suitable through hole 220 is formed with 
the ultrasonic treatment instrument 52 . 
[ 0114 ] The anterior cruciate ligament anatomically 
branches into two fiber bundles , so it is also preferable that 
two holes are made in each of the femur 112 and tibia 114 , 
and that the implanted tendon 210 is passed through the 
respective holes . 
[ 0115 ] According to the first procedure example , it can be 
considered as follows . 
[ 0116 ] Each of an area of the footprint region 116 of the 
femur 112 of the anterior cruciate ligament and an area of the 
footprint region 118 of the tibia 114 is small . The outer shape 
of the STG tendon 212 of the implanted tendon 210 is 
different from a circular shape , and is a rectangular shape , an 
elliptical shape or the like . For example , when the STG 
tendon 212 with an outer shape of 5 mmx4 mm = 20 mm² is 
to be inserted into a circular hole , a diameter of the circular 
hole needs to be about 6 . 5 mm . In a case where the circular 
hole is used in this way , about 40 % of a region of the circular 
hole is a space other than a region in which the STG tendon 
212 of the implanted tendon 210 is disposed . The joint liquid 
permeates this space , and the STG tendon 212 of the 
implanted tendon 210 may slowly form the ligament . 
[ 0117 ] By suitably selecting the treatment portion 74 of 
the ultrasonic treatment instrument 52 , the concave hole or 
the through hole having any shape such as the elliptical 
shape or the polygonal shape can be formed in a suitable 
depth . Therefore , when the concave holes 222 and 226 are 
suitably formed in accordance with the outer shape of the 
STG tendon 212 as shown in FIG . 8A to FIG . 8E , the space 
volume between the concave holes 222 and 226 and the STG 
tendon 212 can be smaller , and an amount of the femur 112 
and the tibia 114 to be cut can be smaller . In the present 
embodiment , the ultrasonic probe 66 is suitably selected in 
accordance with the outer shape of the STG tendon 212 , so 
that it is possible to suitably form the concave holes 222 and 
226 while decreasing the amount of bone to be cut . Thus , the 
STG tendon 212 is fixed to the suitably formed concave 
holes 222 and 226 , whereby the implanted tendon 210 can 
form the ligament sooner . 
[ 0118 ] That is , the concave holes 222 and 226 can be 
formed by using the ultrasonic treatment instrument 52 
including the treatment portion 74 having the pillar - shaped 
portion 86a of a rectangular , approximately rectangular , 

elliptical or approximately elliptical cross section . There 
fore , it is possible to form the concave holes 222 and 226 
having the same outer shape or approximately the same 
outer shape as the outer shape of the STG tendon 212 of the 
implanted tendon 210 , and it is possible to appropriately 
bury and fix the STG tendon 212 into the concave holes 222 
and 226 . 
0119 ] Also , in a case where the concave hole 222 is 
formed with the treatment portion 74 of the ultrasonic 
treatment instrument 52 , it is possible to perform a treatment 
of forming the concave hole 222 in a state where a part of 
a distal end of the treatment portion 74 is fitted into the 
previously formed through hole 220 . As a result , in a case of 
using this procedure , it is easy to match the central axis of 
the previously formed through hole 220 with the central axis 
of the concave hole 222 to be formed later . Furthermore , 
when the ultrasonic treatment instrument 52 is used , it is 
easier to form the concave hole or the through hole at a 
desired position as compared with a case where the drill is 
used . Therefore , in the desired regions of the footprint 
regions 116 and 118 of the anterior cruciate ligament , it is 
possible to form the bone holes 222 and 226 in which the 
STG tendon 212 of the implanted tendon 210 is disposed 
without projecting , to the greatest extent possible , in a 
desired orientation . Because of this , in the femur 112 , 
invasion into a peripheral tissue of the footprint regions 116 
and 118 of the anterior cruciate ligament is prevented . 
f0120 . As described above , the lateral cross section of the 
implanted tendon 210 varies in verticalxhorizontal lengths . 
In a case where the ultrasonic treatment instrument 52 
shown in FIG . 2 is used , a cross section of each of the 
concave holes 222 and 226 is , for example , rectangular . For 
this reason , when the concave holes 222 and 226 are formed 
in the appropriate orientation , it is easy to optimize the 
orientation in a state where the STG tendon 212 of the 
implanted tendon 210 is implanted . 
[ 0121 ] In this procedure , the example has been described 
where the suitable regions of the footprint regions 116 and 
118 are marked , but the marking is not necessarily required . 
[ 0122 ] A second procedure example will be described with 
reference to FIG . 9 and FIG . 10A to FIG . 10G . FIG . 10A to 
FIG . 10G schematically show a state where the femur 112 , 
the tibia 114 and the joint cavity 110 of the knee joint 100 
are seen from the anterior side . Arrows in FIG . 10A to FIG . 
10F indicate a bone excising direction . 
10123 ] Here , the example is described where a patellar 
tendon 232 to which bone fragments 232a and 232b adhere 
at both ends is used as an implanted tendon 230 . One bone 
fragment 232a is a part of a patella ( not shown ) . The bone 
fragment 232a on a patella side has an approximately 
triangular pillar shape . The other bone fragment 232b is a 
part of the tibia 114 . The bone fragment 232b on a tibia 114 
side is rectangular parallelepiped . An outer shape of each of 
the bone fragments 232a and 232b has a size of , for 
example , about 10 mmx5 mm . Such an implanted tendon is 
referred to as the BTB tendon . 
10124 ] As shown in FIG . 9 , the implanted tendon 230 has 
the BTB tendon 232 , a suspension fixture 234a disposed in 
the bone fragment 232a at one end of the BTB tendon 232 
via a suture thread 234 and , for example , a pair of suture 
threads 236 fixed to the bone fragment 232b at the other end 
of the BTB tendon 232 . It is to be noted that a suture thread 
234b wound around the fixture 234a is used in taking the 
fixture 234a from the knee joint 100 to the outside of the 
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femur 112 through later - described concave holes 242a and 
242b and a later - described through hole 240 . 
[ 0125 ] . It is preferable that the later - described bone holes 
242a and 242b , into which the bone fragment 232a of the 
BTB tendon 232 is inserted , and later - described bone holes 
246a and 246b , into which the bone fragment 232b is 
inserted , have sizes and shapes which conform to an outer 
shape of the BTB tendon 232 , respectively . 
[ 0126 ] It is preferable that the BTB tendon 232 is collected 
before dissecting a region to which the damaged anterior 
cruciate ligament adheres . Thus , a size of the outer shape of 
each of the bone fragments 232a and 232b is beforehand 
measured . 
( 0127 ] Here , a procedure is performed using the inside - out 
method . Descriptions of those parts that are the same as in 
the procedure of the STG tendon 212 are omitted whenever 
possible . 
[ 0128 ] With the drill 30 , the through hole ( a drilled hole ) 
240 shown in FIG . 10A is formed straight to the femur 112 
through the footprint region 116 of the femur 112 . That is , 
the bone hole 240 is cut and formed from the inside of the 
joint 100 toward the outside of the femur 112 . To the femur 
112 , the drill ( the first treatment unit ) 30 is inserted from the 
suitable portal 104 into the joint cavity 110 of the knee joint 
100 . Further , a diameter of the drill 30 is adjusted into such 
a diameter that the suspension fixture 234a can be passed 
from the joint cavity 110 side through a cortical bone on the 
outer side of the femur . The drill 30 is pulled out from the 
portal 104 after the through hole 240 is formed . 
[ 0129 ] Next , the treatment portion 74 of the ultrasonic 
treatment instrument 52 is attached to a position that shifts 
from the opening edge of the bone hole 240 formed with the 
drill 30 in the joint 100 . At this time , the vicinity of the distal 
end of the cutting portion 82 of the treatment instrument 52 
which includes the top portion 86c of the convex portion 86b 
may be present on an inner or outer side of the drilled hole 
240 . As shown in FIG . 10B , the concave hole 242a into 
which the implanted tendon 230 is to be inserted is formed 
by using the ultrasonic treatment instrument 52 shown in 
FIG . 2 . 
0130 ] The projection shape of the treatment portion 74 of 
the ultrasonic treatment instrument 52 when its proximal 
side is observed from the distal side along the longitudinal 
axis L is approximately rectangular . Further , the cross sec 
tion of the pillar - shaped portion 86a of the treatment portion 
74 of the ultrasonic treatment instrument 52 which is per 
pendicular to the longitudinal axis L has the same size and 
shape or about the same size and shape from the distal end 
87a to the proximal end 87b . Consequently , in the state 
where the ultrasonic vibration is transmitted to the probe 66 , 
the approximately rectangular parallelepiped first concave 
hole ( a second bone hole ) 242a shown in FIG . 10B is formed 
similarly to the concave hole shown in FIG . 4B . At this time , 
the first concave hole 242a is formed straight . 
[ 0131 ] Further , the second concave hole 242b shown in 
FIG . 10C is formed adjacent to the first concave hole 242a 
with the same treatment portion 74 of the ultrasonic treat 
ment instrument 52 . At this time , the treatment is performed 
while the treatment portion 74 of the ultrasonic treatment 
instrument 52 is left in the joint 100 . The first concave hole 
242a must be in communication with the second concave 
hole 242b . Therefore , when necessary , a bone tissue between 
the first concave hole 242a and the second concave hole 
242b is removed by cutting . In this way , a bone hole of an 

outer shape required for the concave holes 242a and 242b is 
formed into a desired size and a desired shape by pressing 
the treatment portion 74 of the ultrasonic treatment instru 
ment 52 at a position adjacent to the bone hole 242a once or 
a number of times . Therefore , an outer shape of 4 mmx5 mm 
of one concave hole 242a is continuous with an outer shape 
of 4 mmx5 mm of another concave hole 242b , additionally , 
the treatment is suitably performed with the treatment por 
tion 74 of the ultrasonic treatment instrument 52 . Because of 
this , the concave holes 242a and 242b cooperate to form one 
bone hole ( the second bone hole ) of an outer shape of 10 
mmx5 mm into which the bone fragment 232a is insertable . 
10132 ] . Also as to the tibia 114 , a through hole 244 shown 
in FIG . 10D is formed from the inside of the joint 100 to the 
outside of the tibia 114 in the footprint region 118 on the 
tibia 114 side with the drill 30 . 
0133 ] As shown in FIG . 10E , the concave hole 246a is 
formed in the footprint region 118 of the tibia 114 by the 
ultrasonic vibration . 
0134 ] As shown in FIG . 10F , the concave hole 246b that 
is continuous with the concave hole 246a is formed in the 
footprint region 118 of the tibia 114 . A bone hole of an outer 
shape required for the concave holes 246a and 246b is 
formed into a desired size and a desired shape by pressing 
the treatment portion 74 of the ultrasonic treatment instru 
ment 52 at a position adjacent to the bone hole 246a once or 
a number of times . Therefore , an outer shape of 4 mmx5 mm 
of one concave hole 246a is continuous with an outer shape 
of 4 mmx5 mm of another concave hole 246b , and further , 
the treatment is suitably performed with the treatment por 
tion 74 of the ultrasonic treatment instrument 52 . Conse 
quently , the concave holes 246a and 246b cooperate to form 
one bone hole of an outer shape of 10 mmx5 mm into which 
the bone fragment 232b can be inserted . 
[ 0135 ] Further , one bone fragment 232a of the implanted 
tendon 230 by the BTB tendon 232 is inserted from , for 
example , the second portal 104 into the concave holes 242a 
and 242b of the femur 112 . At this time , the fixture 234a is 
taken out from the femur 112 via the drilled hole 240 . The 
one bone fragment 232a of the implanted tendon 230 is 
disposed in accordance with an orientation of the concave 
holes 242a and 242b . It is to be noted that as described 
above , an outer shape of the one bone fragment 232a of the 
implanted tendon 230 is a triangular pillar shape . 
[ 0136 ] The other bone fragment 232b of the implanted 
tendon 230 is disposed in the concave holes 246a and 246b 
of the tibia 114 to take the suture threads 236 attached to the 
bone fragment 232b to the outside of the tibia 114 via the 
drilled hole 244 . Further , a tensile force of the implanted 
tendon 230 is suitably adjusted in accordance with the bent 
state of the knee joint 100 to fix the suture threads 236 of the 
implanted tendon 230 to the outer side of the tibia 114 with 
a fixture 238 such as a staple ( a screw may be used ) ( see FIG . 
10G ) . 
[ 0137 ] According to the second procedure example , it can 
be considered as follows . 
[ 0138 ] The outer shape of each of the bone fragments 
232a and 232b at the ends of the BTB tendon 232 of the 
implanted tendon 230 is different from a circular shape and 
is a rectangular parallelepiped shape or an approximately 
triangular pillar shape . For example , when the BTB tendon 
232 of 5 mmx10 mm = 50 mm is to be inserted into the 
circular hole , a diameter of the circular hole needs to be 
about 11 mm . In this case , a cross - sectional area of the 
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circular hole is about 95 mm² and about a half becomes a 
space . The joint liquid permeates this space and formation of 
a ligament by the BTB tendon 232 of the implanted tendon 
230 might become slow . 
[ 0139 ] Consequently , when the concave holes 242a , 242b , 
246a and 246b are suitably formed in accordance with the 
outer shape of the bone fragments 232a and 232b of the BTB 
tendon 232 as shown in FIG . 10 A to FIG . 10G , it is possible 
to decrease each of a space volume between the concave 
holes 242a and 242b and the bone fragment 232a of the BTB 
tendon 232 and a space volume between the concave holes 
246a and 246b and the bone fragment 232b of the BTB 
tendon 232 , and it is possible to decrease an amount of the 
femur 112 and the tibia 114 that is cut . In the present 
embodiment , the ultrasonic probe 66 is suitably selected in 
accordance with the outer shape of the bone fragments 232a 
and 232b of the BTB tendon 232 , so that it is possible to 
suitably form the concave holes 242a , 242b , 246a and 246b 
while decreasing the amount of cut bone . Further , the bone 
fragments 232a and 232b are fixed to the suitably formed 
concave holes 242a , 242b , 246a and 246b , whereby it is 
possible to more quickly form the ligament by the implanted 
tendon 230 . 
[ 0140 ] That is , it is possible to form the concave holes 
242a , 242b , 246a and 246b by use of the ultrasonic treat 
ment instrument 52 including the treatment portion 74 
having the pillar - shaped portion 86a of the rectangular , 
approximately rectangular , elliptical or approximately ellip 
tical cross section . Consequently , it is possible to form the 
concave holes 242a , 242b , 246a and 246b having the same 
outer shape or about the same outer shape as the outer shape 
of the bone fragments 232a and 232b of the BTB tendon 232 
of the implanted tendon 230 , and it is possible to appropri 
ately bury and fix the bone fragments 232a and 232b into the 
concave holes 242a , 242b , 246a and 246b . 
[ 0141 ] Further , when the ultrasonic treatment instrument 
52 is used , it is easier to form a position to form the concave 
hole or the through hole at a desired position as compared 
with a case where the drill is used . Consequently , it is 
possible to form the bone holes 242a , 242b , 246a and 246b 
in which the end portions of the implanted tendon 230 are 
disposed without projecting as much as possible , to the 
footprint regions 116 and 118 of the anterior cruciate liga 
ment . Consequently , in the femur 112 , there is prevented 
invasion into a peripheral tissue of the footprint region 116 
of the anterior cruciate ligament . 
10142 ] Furthermore , as described above , the lateral cross 
section of the implanted tendon 230 varies in verticalx 
horizontal lengths . In a case where the ultrasonic treatment 
instrument 52 shown in FIG . 2 is used , the cross section of 
each concave hole is , for example , rectangular . Conse 
quently , when the concave holes are formed in the appro 
priate orientation , it is easy to optimize the orientation in a 
state where the BTB tendon 232 of the implanted tendon 230 
is implanted . 
[ 0143 ] There will be described another procedure example 
where the implanted tendon 230 having the BTB tendon 232 
is used with reference to FIG . 11A to FIG . 11D . Arrows in 
FIG . 11A to FIG . 11C indicate a bone excising direction . 
[ 0144 ] A drilled hole 250 shown in FIG . 11A is formed 
from the footprint region 116 of the femur 112 to the outside 
of the femur 112 . 
0145 ] In the state where the ultrasonic vibration is trans 

mitted to the treatment portion 74 of the ultrasonic treatment 

instrument 52 shown in FIG . 2 , concave holes 252a and 
252b which communicate with the drilled hole 250 as shown 
in FIG . 11B are formed from the inside of the joint cavity 
110 toward the outside of the femur 112 . 
[ 0146 ] Concave holes 254a and 254b shown in FIG . 11C 
are formed from the inside of the joint cavity 110 toward the 
outside of the tibia 114 in the footprint region 118 of the tibia 
114 while the treatment portion 74 of the ultrasonic treat 
ment instrument 52 shown in FIG . 2 is left in the joint cavity 
110 as it is . 
[ 0147 ] For example , one bone fragment 232a of the BTB 
tendon 232 is inserted tom the second portal 104 into the 
concave holes 252a and 252b of the femur 112 . At this time , 
the fixture 234a is taken out from the femur 112 via the 
drilled hole 250 . On the other hand , the other bone fragment 
232b of the BTB tendon 232 is disposed in the concave holes 
254a and 254b of the tibia 114 to fix the bone fragment 232b 
to the concave holes 254a and 254b with a screw 238a ( see 
FIG . 11D ) . 
[ 0148 ] A third procedure example will be described with 
reference to FIG . 12 A to FIG . 12F . FIG . 12A to FIG . 12F 
schematically show a state where the femur 112 , the tibia 
114 and the joint cavity 110 of the knee joint 100 are seen 
from the anterior side . Arrows in FIG . 12A to FIG . 12E 
indicate a bone excising direction . Here , a case of using an 
STG tendon is described . 
[ 0149 ] A guide wire ( e . g . , a diameter of 2 . 5 mm ) for the 
drill is inserted from the outside of the femur 112 toward the 
footprint region 116 of the femur 112 by use of an unshown 
known guide . That is , by an outside - in method , a bone hole 
260 shown in FIG . 12A is formed from the outside of the 
femur 112 toward the inside of the joint 100 . At this time , it 
is preferable to pass the guide wire through the footprint 
region 116 of the femur 112 . 
[ 0150 ] The drill 30 guided along the guide wire is passed 
through the cortical bone on a surface side in the vicinity of 
the outside of the femur 112 , to form a concave hole 262 
shown in FIG . 12B . The concave hole 262 is circular . 
Further , the drill 30 and the guide wire are removed . At this 
time , the through hole 260 having the diameter of 2 . 5 mm is 
formed by the guide wire . 
[ 0151 ] A through hole 264 shown in FIG . 12C is formed 
from the outside of the femur 112 toward the knee joint 100 
side by use of the ultrasonic treatment instrument 52 includ 
ing the treatment portion 74 having , for example , the shape 
shown in FIG . 2 . The through hole 264 has the same 
rectangular cross section or about the same rectangular cross 
section as the outer shape of the STG tendon 212 of the 
implanted tendon 210 . 
[ 0152 ] It is also preferable that the through hole 264 is 
formed with the treatment portion 74 of one of FIG . 5A to 
FIG . 6C . The cortical bone of an outer surface of the femur 
112 is very hard , and hence there is the fear that much time 
is taken in cutting the bone with the ultrasonic treatment 
instrument 52 . On the other hand , the cortical bone is already 
removed by the concave hole 262 formed with the drill 30 . 
Consequently , it is easy to cut a cancellous bone with the 
ultrasonic treatment instrument 52 . 
[ 0153 ] It is to be noted that , for example , the treatment 
portion 74 of the ultrasonic treatment instrument 52 is 
strengthened to increase an amplitude of the treatment 
portion 74 , whereby in place of the cutting of the cortical 
bone with the drill 30 , both the cutting of the cortical bone 
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and the cutting of the cancellous bone can be performed 
once with the ultrasonic treatment instrument 52 . 
10154 ] The guide wire ( e . g . , the diameter of 2 . 5 mm ) for 
the drill is inserted from the outside of the tibia 114 toward 
the footprint region 118 of the tibia 114 by use of the known 
guide , to form a through hole 266 shown in FIG . 12D . With 
the drill 30 guided from the outside of the tibia 114 toward 
the footprint region 118 of the tibia 114 along the guide wire , 
a through hole 268 extending from the outside of the tibia 
114 through the footprint region 118 of the tibia 114 is 
formed as shown in FIG . 12E . The through hole 268 is 
circular . It is to be noted that the rectangular through hole 
268 is preferably formed with the treatment instrument 52 
shown in FIG . 2 in place of the drill 30 . 
[ 0155 ] Further , for example , the string 214b wound 
around the fixture 214a is taken out from the femur 112 
through the through hole 268 of the tibia 114 and the through 
hole 264 of the femur 112 , and the fixture 214a is taken out 
from the femur 112 . At this time , as described above , the 
outer shape of the STG tendon 212 is approximately rect 
angular , and hence the STG tendon 212 is disposed in the 
femur 112 in accordance with an orientation of the through 
hole 264 . Further , when necessary , the string 214b is cut or 
removed from the fixture 214a . 
[ 0156 ] On the other hand , the artificial ligaments 216 at 
the other end of the implanted tendon 210 is held on the 
outer side of the tibia 114 . Further , the tensile force of the 
implanted tendon 210 is suitably adjusted in accordance 
with the bent state of the knee joint 100 to fix the artificial 
ligaments 216 of the implanted tendon 210 to the outer side 
of the tibia 114 with the fixture 218 , e . g . , a staple or the like . 
[ 0157 ] Depending on the patient , there might be a case 
where the patient cannot take a deeply bent body position . 
Even in such a case , the bone hole 264 can be formed to the 
femur 112 in this manner by the outside - in method . 
[ 0158 ] It is to be noted that there has been described the 
case where the STG tendon 212 shown in FIG . 7 is used as 
the implanted tendon here , but the BTB tendon 232 ( see 
FIG . 9 ) is also usable as the implanted tendon . 
[ 0159 ] A fourth procedure example will be described with 
reference to FIG . 13A to FIG . 13E . FIG . 13A to FIG . 13E 
schematically show a state where the femur 112 , the tibia 
114 and the joint cavity 110 of the knee joint 100 are seen 
from the anterior side . Arrows in FIG . 13A to FIG . 13D 
indicate a bone excising direction . 
10160 ) Here , there is simply described a transtibial method 
of forming a bone hole ( a concave hole ) 278 in the femur 112 
via a bone hole 276 formed in the tibia 114 . 
10161 ] . The guide wire for the drill is inserted from the 
outside of the tibia 114 toward the footprint region 118 of the 
tibia 114 by use of the known guide . As shown in FIG . 13A , 
a wire hole 272 is formed . Furthermore , a through hole ( a 
concave hole may be formed ) 274 is formed from the 
footprint region 118 of the tibia 114 through the footprint 
region 116 of the femur 112 toward the outside of the femur 
112 with the guide wire for the drill as shown in FIG . 13B . 
Afterward , the guide wire is removed . 
10162 ] In a state where the ultrasonic vibration is gener 
ated in the transducer 56b of the ultrasonic treatment instru 
ment 52 , the treatment portion 74 is pushed from the outside 
of the tibia 114 toward the footprint region along the guide 
hole 272 of the tibia 114 . Consequently , the through hole 276 
shown in FIG . 13C is formed . 

[ 0163 ] Furthermore , a bone hole 278 shown in FIG . 13D 
is formed from the footprint region 118 of the tibia 114 
toward the outside of the femur 112 through the footprint 
region 116 of the femur 112 along the guide hole 274 with 
the treatment portion 74 of the ultrasonic treatment instru 
ment 52 . The bone hole 278 has an approximately rectan 
gular cross section . 
[ 0164 ] Further , the fixture 214a at one end of the 
implanted tendon 210 by the STG tendon 212 is taken out 
from the femur 112 through , for example , the knee joint 100 
from the outside of the tibia 114 . At this time , the outer shape 
of the STG tendon 212 is approximately rectangular as 
described above , and hence the STG tendon 212 is disposed 
in accordance with an orientation of the concave hole 278 . 
On the other hand , the other end of the STG tendon 212 
maintains a state where the end is disposed on the outer side 
of the tibia 114 . Further , the tensile force of the implanted 
tendon 210 is suitably adjusted in accordance with the bent 
state of the knee joint 100 to fix the other end of the 
implanted tendon 210 to the outer side of the tibia 114 with 
the fixture 218 , e . g . , the staple or the like ( see FIG . 13E ) . 
10165 ] The bone hole 278 is formed in the femur 112 
through the tibia 114 , and hence the bone hole 278 can be 
formed without deeply bending the knee joint 100 . Further 
more , the guide wire and the treatment portion 74 of the 
ultrasonic treatment instrument 52 can directly abut on the 
footprint region 116 of the anterior cruciate ligament in the 
femur 112 , and hence it is possible to securely form the bone 
hole in the footprint region 116 of the femur 112 . 
10166 ] Hitherto , the examples of the procedure of recon 
structing the anterior cruciate ligament have been described , 
but it is possible to similarly perform the procedure on a 
posterior cruciate ligament , thereby reconstructing the liga 
ment . 
[ 0167 ] Additional advantages and modifications will read 
ily occur to those skilled in the art . Therefore , the invention 
in its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein . 
Accordingly , various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents . 
What is claimed is : 
1 . A surgical procedure of preparing bone holes to dispose 

an implanted tendon to a femur when performing recon 
struction of a ligament in a knee joint , comprising : 

forming a first bone hole in the femur ; and 
applying ultrasonic vibration from a treatment portion of 

an ultrasonic treatment instrument to the femur , thereby 
cutting and expanding the first bone hole from the 
inside of the knee joint to the first bone hole of the 
femur along a predetermined depth , and forming a 
second bone hole having a polygonal shape , an 
approximately polygonal shape , an elliptical shape or 
an approximately elliptical shape to receive the 
implanted tendon . 

2 . The procedure according to claim 1 , wherein a bottom 
surface of the second bone hole is continuous with the first 
bone hole . 

3 . The procedure according to claim 2 , wherein the second 
bone hole is formed so that a central axis of the second bone 
hole matches or substantially matches a central axis of the 
first bone hole in the bottom surface of the second bone hole . 
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4 . The procedure according to claim 1 , wherein : 
when the treatment portion of the ultrasonic treatment 

instrument which forms the second bone hole is pro 
jected from a distal side to a proximal side along a 
longitudinal axis of the treatment portion of the ultra 
sonic treatment instrument , its projection shape is the 
polygonal shape , the approximately polygonal shape , 
the elliptical shape or the approximately elliptical 
shape , and 

the second bone hole is formed into a desired size and a 
desired shape by pressing the treatment portion of the 
ultrasonic treatment instrument to the first bone hole 
once or a number of times . 

5 . The procedure according to claim 1 , wherein the first 
bone hole is a through hole . 

6 . The procedure according to claim 5 , wherein : 
the implanted tendon is received in the second bone hole 

from the knee joint toward the outside of the femur , 
the first bone hole and the second bone are to guide a 

fixture that fixes the implanted tendon from the inside 
of the knee joint to the outside of the femur , and 

the first bone hole is formed in a size to pass the fixture 
to the outside of the femur so that the fixture is 
supported on the outside of the femur . 

7 . The procedure according to claim 1 , wherein the first 
bone hole is a concave hole . 

8 . The procedure according to claim 1 , wherein : 
when the treatment portion of the ultrasonic treatment 

instrument which forms the second bone hole is pro 
jected from a distal side to a proximal side along a 
longitudinal axis of the treatment portion of the ultra 
sonic treatment instrument , its projection shape is the 
polygonal shape , the approximately polygonal shape , 
the elliptical shape or the approximately elliptical 
shape , and 

the second bone hole is formed into the polygonal shape , 
the approximately polygonal shape , the elliptical shape 
or the approximately elliptical shape by moving the 
treatment portion along the longitudinal axis . 

9 . The procedure according to claim 1 , wherein the first 
bone hole is formed by applying the ultrasonic vibration 
from the treatment portion to the femur in a state where the 
ultrasonic vibration is transmitted to the treatment portion of 
the ultrasonic treatment instrument . 

10 . The procedure according to claim 1 , wherein the first 
bone hole is formed with a drill . 

11 . The procedure according to claim 1 , wherein the 
second bone hole is formed as a concave hole or a through 
hole having a polygonal shape , an approximately polygonal 
shape , an elliptical shape or an approximately elliptical 
shape to receive one of bone fragments which are present at 
both ends of a patellar tendon , from the inside of the knee 
joint toward the outside of the femur along a predetermined 
depth , by applying the ultrasonic vibration from the treat 
ment portion to the femur in a state where the ultrasonic 
vibration is transmitted to the treatment portion of the 
ultrasonic treatment instrument . 

12 . The procedure according to claim 11 , wherein : 
when the treatment portion of the ultrasonic treatment 

instrument which forms the second bone hole is pro 
jected from a distal side to a proximal side along a 
longitudinal axis of the treatment portion of the ultra 
sonic treatment instrument , its projection shape is the 
polygonal shape , the approximately polygonal shape , 
the elliptical shape or the approximately elliptical 
shape , and 

the second bone hole is formed into the polygonal shape , 
the approximately polygonal shape , the elliptical shape 
or the approximately elliptical shape by moving the 
treatment portion along the longitudinal axis . 

13 . The procedure according to claim 11 , wherein the 
second bone hole is formed into a desired size and a desired 
shape by pressing the treatment portion of the ultrasonic 
treatment instrument at a position adjacent to the bone hole 
once or a number of times . 

14 . A procedure of fixing one of bone fragments which are 
present at both ends of a patellar tendon to a femur when 
performing reconstruction of a ligament in a knee joint , 
comprising : 

applying ultrasonic vibration from a treatment portion of 
an ultrasonic treatment instrument to the femur in a 
state where the ultrasonic vibration is transmitted to the 
treatment portion thereof , thereby forming a concave 
hole or a through hole as a first bone hole having a 
polygonal shape , an approximately polygonal shape , an 
elliptical shape or an approximately elliptical shape to 
receive the one bone fragment of the patellar tendon 
from the inside of the knee joint toward the outside of 
the femur along a predetermined depth ; and 

fixing the one bone fragment to the femur in a state where 
the one bone fragment is received to the first bone hole . 

* * * * * 


