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(57) ABSTRACT 

A trocar is provided having a needle unit. The needle unit 
has a paracentetic section, Which is substantially pyramidal. 
The paracentetic section has tWo curved surfaces that diago 
nally oppose each other. The surfaces are formed by cutting 
the ridges of the section, Which diagonally oppose each 
other. The remaining tWo ridges of the paracentetic section 
make, respectively, sharp cutting edges for cutting living 
tissues. The cutting edges are substantially symmetrical to 
each other With respect to the axis of the needle unit. 
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ULTRASONIC TROCAR 

[0001] This is a Division of US. patent application Ser. 
No. 09/350,671 ?led Jul. 9, 1999. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to an ultrasonic trocar 
having a paracentetic section Which is designed to penetrate 
the abdominal Wall and to Which ultrasonic vibration may be 
transmitted. 

[0003] Disposable trocars are mainly used at present as 
devices that guide medical instrument into the abdominal 
cavity of a patient. US. Pat. No. 5,314,417 discloses a trocar 
of this type, Which has a needle and a tubular sheath. The 
needle is pointed at its distal end and can penetrate the 
abdominal Wall. The needle is inserted in the tubular sheath. 
The pointed distal end of the needle is a blade-shaped 
knife-edge. It is at the knife-edge that the needle penetrates 
the abdominal Wall of the patient. 

[0004] Most disposable trocars incorporate a safety shield 
mechanism. The mechanism Works as a safety guard When 
the trocar is manipulated to pierce the abdominal Wall With 
the needle. The mechanism has a safety shield. The safety 
shield contacts and covers the pierced part of the Wall When 
the distal end of the needle penetrates into the abdominal 
cavity. Thus, the mechanism prevents the needle from fur 
ther moving into the abdominal cavity, and thus preventing 
the tissues present in the abdominal cavity from being 
damaged. 

[0005] Another type of a trocar is disclosed in US. Pat. 
No. 5,267,965. The needle of this trocar has a star-shaped 
distal end. It is at the star-shaped distal end that the needle 
penetrates the abdominal Wall of the patient. 

[0006] Reusable trocars are knoWn. A reusable trocar is 
Washed and steriliZed after every use and is used again. 
Developed as reusable trocars are ultrasonic trocars, each 
having a paracentetic section to Which ultrasonic vibration 
can be transmitted. The paracentetic section receives ultra 
sonic vibration during the use of the ultrasonic trocar. This 
enables the doctor to pass the paracentetic section through 
the abdominal Wall With a relatively small force. 

[0007] The paracentetic section of the needle of a typical 
ultrasonic trocar is shaped like a triangular pyramid. After 
every use of the ultrasonic trocar, the paracentetic section is 
steriliZed With gas or heat so that the trocar may be used 
agam. 

[0008] The conventional trocars of the various types 
described above are disadvantageous in the folloWing 
respects. 

[0009] The disposable trocar has a safety shield that 
prevents the needle from further moving into the abdominal 
cavity. Having the safety shield, the disposable trocar is 
more complex in structure than otherWise. In other Words, 
the disposable trocar has more parts, inevitably increasing 
the manufacturing cost. To make matters Worse, the dispos 
able trocar cannot be steriliZed With gas or heat after it has 
been used once. It cannot be used again at all. 

[0010] In the case of the disposable trocar disclosed in 
US. Pat. No. 5,314,417, the knife-edge becomes dull after 
use. Were the trocar used again, the doctor should apply a 
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large force to pass the paracentetic section through the 
abdominal Wall. Hence, the paracentetic section might move 
too deep into the abdominal cavity, possibly damaging the 
organs Which eXist in the abdominal cavity and Which need 
not be treated at all. 

[0011] In the case of conventional ultrasonic trocar, the 
paracentetic section, shaped like a triangular pyramid, 
makes a triangular incision hole in the abdominal Wall. The 
incision hole is relatively large and possibly left open even 
after the ultrasonic trocar is removed from the abdominal 
Wall. As a consequence, it may take a long time to heal the 
tissues in the abdominal Wall. If the paracentetic section is 
a conical one, as the case may be, it Will be more difficult for 
the doctor to pass this section through the abdominal Wall 
than in the case Where the section is shaped like a triangular 
pyramid. This is because the conical paracentetic section 
receives higher resistance While being passed through the 
abdominal Wall than the triangular pyramidal one. 

BRIEF SUMMARY OF THE INVENTION 

[0012] The present invention has been made in consider 
ation of the above. Its object is to provide an ultrasonic 
trocar that can be reusable, that can be manufactured at loW 
cost, and that has a paracentetic section easy to pass through 
the abdominal Wall, and that does not delay the healing of 
the tissues present in the abdominal Wall. 

[0013] To attain the object, the present invention provides 
an ultrasonic trocar, Which has a tubular sheath and a needle 
unit inserted in the tubular sheath and designed to penetrate 
the abdominal Wall While vibrated With ultrasonic Waves. 
The ultrasonic trocar is characteriZed in that the needle unit 
has a substantially pyramidal paracentetic section at a distal 
end, and the paracentetic section has tWo cutting surfaces 
formed by cutting diagonally opposing tWo ridges, and tWo 
sharp cutting edges for cutting living tissues. The sharp 
cutting edges are provided at the tWo other diagonally 
opposing ridges and positioned symmetrically With respect 
to an aXis of the needle unit. 

[0014] To set the tubular sheath in an incision made in the 
abdominal Wall, ultrasonic vibration is transmitted to the 
needle unit. The paracentetic section of the needle unit, 
Which is vibrating, is brought into contact With the abdomi 
nal Wall. At least the cutting edges at the distal portion of the 
tWo opposing ridges of the paracentetic section cut the 
abdominal Wall easily, making an incision in the abdominal 
Wall and the peritoneum. As the paracentetic section of the 
needle unit is inserted into the incision, the cutting edges of 
the paracentetic section gradually cut the abdominal Wall. As 
a result, the paracentetic section is inserted into the abdomi 
nal cavity. The paracentetic section, Which is the thickest 
part of the needle unit, receives a larger force than any other 
part of needle unit. Hence, the cutting edges, Which consti 
tute the thickest part of the unit, cut the abdominal Wall 
efficiently. The distal end portion of the insertion section of 
the tubular sheath can therefore be smoothly inserted into 
the incision made in the abdominal Wall. In the process of 
incising the abdominal Wall, the curved surfaces of the 
paracentetic section do not damage the tissues eXisting in the 
abdominal Wall. This helps to heal the tissue in the abdomi 
nal Wall Within a relatively short time. 

[0015] The distal end part of the needle unit has curved 
surfaces and tWo ridges. The ridges are symmetrical With 
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respect to the axis of the needle unit, each de?ned by at least 
tWo curved surfaces. Edges for cutting living tissues are 
provided at the distal parts of the ridges and at the proximal, 
or thickest parts of the ridges. Thus, the present invention 
can provide an ultrasonic trocar Which can used again and 
again, helping to decrease medical cost, Which can be 
smoothly inserted into the incision made in the abdominal 
Wall and Which does not damage the tissues in the abdominal 
Wall. 

[0016] Additional objects and 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 invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0017] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0018] FIG. 1A is a partly perspective vieW of the ultra 
sonic trocar system according to the ?rst embodiment of the 
invention; 
[0019] FIG. 1B is a plan vieW of the paracentetic section 
that the needle of the ultrasonic trocar shoWn in FIG. 1A; 

[0020] FIG. 2 is a diagram representing the vibration 
characteristic of the needle of the ultrasonic trocar shoWn in 
FIG. 1A; 

[0021] FIG. 3A is a plan vieW of the paracentetic section, 
shoWing the cutting edges of the paracentetic section; 

[0022] FIG. 3B is a side vieW of the paracentetic section 
of the needle; 

[0023] FIG. 3C is a sectional vieW of the paracentetic 
section, taken along line 3C-3C in FIG. 3A; 

[0024] FIG. 3D is a longitudinal sectional vieW, shoWing 
the layer coated on the paracentetic section of the needle; 

[0025] FIG. 4A is a plan vieW of the paracentetic section 
of the ultrasonic trocar according to the second embodiment, 
shoWing the cutting edges of the paracentetic section of the 
needle; 

[0026] FIG. 4B is a side vieW of the paracentetic section 
shoWn in FIG. 4A; 

[0027] FIG. 5 is a plan vieW of the paracentetic section of 
the needle unit of the ultrasonic trocar according to the third 
embodiment, illustrating the cutting edges of the paracen 
tetic section; 

[0028] FIG. 6 is a plan vieW of the paracentetic section of 
the needle unit of the ultrasonic trocar according to the 
fourth embodiment; 

[0029] FIG. 7 is a side vieW of the paracentetic section of 
the needle unit of the ultrasonic trocar according to the ?fth 
embodiment; 
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[0030] FIG. 8A is a side vieW of the tubular sheath of the 
ultrasonic trocar according to the siXth embodiment of the 
invention; 

[0031] FIG. 8B is a side vieW of the distal end of the 
tubular sheath shoWn in FIG. 8A; 

[0032] FIG. 8C is a side vieW of the paracentetic section 
of the needle; 

[0033] FIG. 9 is a longitudinal sectional vieW shoWing the 
tubular sheath shoWn in FIG. FIG. 8A and the needle unit 
partly inserted in the tubular sheath; 

[0034] FIG. 10 is a longitudinal sectional vieW of an 
ultrasonic medical device according to the seventh embodi 
ment of the invention; 

[0035] FIG. 11 is a side vieW of the probe of the ultrasonic 
medical device shoWn in FIG. 10; 

[0036] FIG. 12A is a longitudinal sectional vieW of the 
probe of an ultrasonic medical device according to the 
eighth embodiment of the invention; 

[0037] FIG. 12B is a sectional vieW, taken along line 
12B-12B in FIG. 12A; 

[0038] FIG. 13A is a longitudinal sectional vieW of the 
probe of an ultrasonic medical device according to the ninth 
embodiment of this invention; 

[0039] FIG. 13B is a sectional vieW, taken along line 
13B-13B in FIG. 13A; 

[0040] FIG. 14A is a cross sectional vieW of the ?rst 
modi?cation of the probe of the seventh embodiment of the 
invention; 

[0041] FIG. 14B is a cross sectional vieW of the second 
modi?cation of the probe of the seventh embodiment of the 
invention; 

[0042] FIG. 14C is a cross sectional vieW of the third 
modi?cation of the probe of the seventh embodiment of the 
invention; 

[0043] FIG. 15 is a longitudinal sectional vieW of the 
probe of an ultrasonic medical device according to the tenth 
embodiment of the invention; 

[0044] FIG. 16 is a longitudinal sectional vieW of the 
probe of an ultrasonic medical device according to the 
eleventh embodiment of this invention; 

[0045] FIG. 17 is a longitudinal sectional vieW of the 
probe of an ultrasonic medical device according to the 
tWelfth embodiment of the invention; 

[0046] FIG. 18 is a longitudinal sectional vieW of the 
probe of an ultrasonic medical device according to the 
thirteenth embodiment of the invention; 

[0047] FIG. 19A is a side vieW of the probe of an 
ultrasonic medical device according to the fourteenth 
embodiment, shoWing the main section of the probe; 

[0048] FIG. 19B is a longitudinal sectional vieW of the 
probe illustrated in FIG. 19A; 

[0049] FIG. 19C is a sectional vieW, taken along line 
19C-19C in FIG. 19B; 
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[0050] FIG. 20A is a side vieW of the torque-generating 
section of the probe of an ultrasonic medical device accord 
ing to the ?fteenth embodiment of the present invention; 

[0051] FIG. 20B is a front vieW of the torque-generating 
section shoWn in FIG. 20A; 

[0052] FIG. 21A is an exploded vieW of an ultrasonic 
medical device, Which is the siXteenth embodiment of the 
invention; 
[0053] FIG. 21B is a front vieW of one end of a rotary ring 
shoWn in FIG. 21A; 

[0054] FIG. 21C is a partly sectional side vieW of the 
rotary ring shoWn in FIG. 21A; 

[0055] FIG. 21D is a front vieW of the other end of the 
rotary ring shoWn in FIG. 21A; 

[0056] FIG. 22 is a partly sectional side vieW of the rotary 
ring of an ultrasonic medical device according to the sev 
enteenth embodiment of the present invention; 

[0057] FIG. 23 is a front vieW of the needle unit of an 
ultrasonic trocar, Which is the eighteenth embodiment of the 
invention; 
[0058] FIG. 24 is a sectional vieW, taken along line 24-24 
in FIG. 23; 

[0059] FIG. 25 is a side vieW of the needle unit of an 
ultrasonic trocar, Which is the nineteenth embodiment of the 
invention; and 

[0060] FIG. 26 is a longitudinal sectional vieW of an 
ultrasonic trocar according to the tWentieth embodiment of 
the invention, shoWing the tubular sheath and the needle unit 
partly inserted in the tubular sheath. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0061] The ?rst embodiment of the present invention Will 
be described With reference to FIGS. 1A and 1B, FIG. 2 and 
FIGS. 3A to 3D. FIG. 1A shoWs the ultrasonic trocar 
system according to the ?rst embodiment. The system 
comprises an ultrasonic trocar 1, an ultrasonic oscillation 
device 2, and a foot sWitch 3. The ultrasonic oscillation 
device 2 is connected to the ultrasonic trocar 1. The foot 
sWitch 3 is connected to the ultrasonic oscillation device 2 
to turn the oscillation device 2 on and off. 

[0062] The ultrasonic trocar 1 comprises a tubular sheath 
4 and a needle unit 5. The needle unit 5 is removably 
inserted in the tubular sheath 4. The tubular sheath 4 has a 
thin, long insertion section 6 and a grip section 7. The 
insertion section 6 Will be set in an incision made in the boy 
Wall of the patient (e.g., the abdominal Wall) during the use 
of the ultrasonic trocar 1. The grip section 7 is coupled to the 
proXimal end of the insertion section 6. The section 6 is 
tapered at the circumferential surface 6a. The grip section 7 
has a gas inlet cap 8 on the circumferential surface. Pneu 
moperitoneal gas is supplied into the tubular sheath 4 
through the gas inlet cap 8, if necessary. A three-Way valve 
9 is provided on the gas inlet cap 8. 

[0063] The grip section 7 has an opening made in the top. 
It is through this opening that the needle unit 5, the insertion 
sections of endoscopes, and various medical instruments 
may be inserted into a body cavity of the patient. An outer 
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seal 10 is mounted on the top of the grip section 7. The outer 
seal 10 is a ring-shaped seal member 10a, Which surrounds 
the opening made in the top of the grip section 7. 

[0064] The seal member 10a has an inner diameter smaller 
than the outer diameter of the needle unit 5, the outer 
diameters of endoscopes and the outer diameters of the 
medical instruments. While the needle unit 5, an endoscope 
or a medical instrument is being forced into the tubular 
sheath 4 through the outer seal 10, the seal member 10a 
keeps closing the gap betWeen the tubular sheath 4 and the 
needle unit 5, the endoscope or the medical instrument. This 
prevents the pneumoperitoneal gas from leaking from the 
abdominal cavity. 

[0065] Avalve (not shoWn), i.e., inner seal, is provided in 
the tubular sheath 4. The valve remains closed, no matter 
Whether the unit 5, an endoscope or a medical instrument is 
inserted into the abdominal cavity or pulled therefrom. 

[0066] The needle unit 5 comprises an elongated probe 11, 
a hand piece 12, and a knob 13. The hand piece 12 is 
connected to the proXimal end of the probe 11. The knob 13 
is provided on the distal end of the hand piece 12. The hand 
piece 12 incorporates an ultrasonic oscillation device (not 
shoWn) and has a horn 13A connected to the proXimal end 
of the probe 11. The horn 13A is coaxial With the knob 13. 
The horn 13A has a screW hole (not shoWn) in the distal end. 

[0067] The probe 11 has a rod-shaped probe body 14. As 
shoWn in FIG. 2, the probe body 14 has a male screW 15 at 
the proximal end. The male screW 15 is set in the screW hole 
of the horn 13A, Whereby the probe 11 is fastened to the horn 
13A. 

[0068] The probe body 14 has a proXimal section 16 and 
a middle section 17. The proXimal section 16 has a diameter 
D1 and a predetermined length and is connected to and made 
integral With the distal end of the proXimal section 16. The 
middle section 17 has a diameter D2 and a prescribed length 
and is connected to and made integral With the distal end of 
the middle section 17. Aparacentetic section 18 is connected 
to and made integral With the distal end of the middle section 
17. The paracentetic section 18 is shaped and has a prede 
termined length. The thickest part of the section 18 has a 
diameter D3. The diameter D2 of the middle section 17 is 
smaller than the diameter D1 of the proXimal section 16, and 
the diameter D3 of the thickest part of the paracentetic 
section 18 is larger than the diameter D1 of the proXimal 
section 16. Namely, D3>D1>D2. 

[0069] As shoWn in FIG. 2, too, the proXimal end of the 
proXimal section 16 is located at the antinode of an ultra 
sonic Wave that represents the ultrasonic vibration charac 
teristic of the probe 11. The junction betWeen the proXimal 
section 16 and middle section 17 of the probe 11 is located 
at a node of the ultrasonic Wave, and the distal end of the 
paracentetic section 18 of the probe 11 is located at the 
antinode of the ultrasonic Wave, Which precedes said node. 

[0070] As illustrated in FIG. 3C, the paracentetic section 
18, Which is pyramidal, has tWo curved surfaces 21a and 21b 
that diagonally oppose each other. The surfaces 21a and 21b 
are formed by cutting the ridges 20a and 20b of the section 
18, Which diagonally oppose each other. The remaining tWo 
ridges 22a and 22b of the paracentetic section 18 make sharp 
cutting edges 23a and 23b, respectively. 
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[0071] As shown in FIG. 3B, a tip 24 of the paracentetic 
section 18 is rounded as viewed from above either curved 
surface (21a or 21b). The tip 24 has a radius R of curvature 
of, for example, about 3 mm or less. 

[0072] FIG. 3A shoWs the paracentetic section 18 rotated 
around its axis by 90° from the position shoWn in FIG. 3B. 
As shoWn in FIG. 3A, a sharp tip 25 of the paracentetic 
section 18 is pointed as vieWed from above either cutting 
edges (23a or 23b). The angle 0 at Which the tip 25 is pointed 
ranges, for example, from 45° to 90°. 

[0073] As shoWn in FIG. 3D, the paracentetic section 18 
is coated With a layer 26. The layer 26 is made of, for 
example, TiN, and is formed by means of TiN coating 
(PVD). Due to the layer 26, the paracentetic section 18 is 
resistant to Wear, as a Whole. 

[0074] The probe 11 has tWo diametrically opposing ?at 
surfaces 27, a little distal of the male screW 15. It is at these 
?at surfaces 27 that the probe 11 can be held With a spanner 
or the like, in the process of setting the male screW 15 in, or 
removing the male screW 15, the screW hole of the hand 
piece 12 or removing the male screW 15 from the screW hole. 

[0075] The knob 13 of the needle unit 5 has a recess (not 
shoWn) in the distal end. The recess has the same shape as 
the outer seal 10 and is coaxial With the knob 13. When the 
needle unit 5 is inserted into the tubular sheath 4, it is set in 
the grip section 7 of the tubular sheath 4, With the outer seal 
10 ?tted in the recess made in the distal end of the grip 
section 13 of the needle unit 5. At this time, the paracentetic 
section 18 of the needle unit 5 protrudes from the distal end 
of the insertion section 6 of the tubular sheath 4. 

[0076] HoW the ultrasonic trocar system is operated Will 
be explained. To use the ultrasonic trocar 1, the needle unit 
5 is inserted into the tubular sheath 4. The needle unit 5 is 
set in the tubular sheath 4, With the paracentetic section 18 
protruding from the distal end of the insertion section 6 of 
the tubular sheath 4. 

[0077] Thereafter, the foot sWitch 3 is operated, driving 
the ultrasonic oscillation device 2. The device 2 generates 
ultrasonic vibration, Which is transmitted to the hand piece 
12 of the ultrasonic trocar 1. The ultrasonic vibration is 
transmitted from the hand piece 12 to the probe 11 and 
further to the paracentetic section 18 of the needle unit 5. To 
use the ultrasonic trocar 1, a doctor manipulates the trocar 1 
as Will be described beloW. 

[0078] First, the doctor holds, With the hand, grip section 
7 of the tubular sheath 4, together With the grip section 13 
of the needle unit 5. Next, he or she sets the paracentetic 
section 18 of the needle unit 5 in contact With the abdominal 
Wall of the patient. 

[0079] The doctor can easily make, in the abdominal Wall 
and the peritoneum, an incision that extends into the 
abdominal cavity. This is because the sharp tip 25 of the 
paracentetic section 18, contacting the abdominal Wall, is 
vibrating. The doctor inserts the ultrasonic trocar 1 into the 
incision. As the paracentetic section 18 of the needle unit 5 
is inserted into the incision, the cutting edges 23a and 23b 
at the ridges 22a and 22b of the paracentetic section 18 
gradually cut the abdominal Wall. As a result, the paracen 
tetic section 18 is inserted into the abdominal cavity. 
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[0080] In the process of pushing the ultrasonic trocar 1 
into the abdominal cavity, the paracentetic section 18, Which 
is the thickest part of the needle unit 5, receives a larger force 
than any other part of needle unit 5. Hence, the cutting edges 
23a and 23b, Which constitute the thickest part of the unit 5, 
cut the abdominal Wall efficiently. The doctor only needs to 
move the trocar 1 toWard the abdominal cavity With a small 
force. The distal end portion of the insertion section 6 of the 
tubular sheath 4 can therefore be smoothly inserted into the 
incision made in the abdominal Wall. 

[0081] In the process of pushing the ultrasonic trocar 1 
onto the abdominal cavity to incise the same, the curved 
surfaces 21a and 21b of the paracentetic section 18 do not 
damage the tissues existing in the abdominal Wall. As 
described above, the curved surfaces 21a and 21b diagonally 
oppose each other. Hence, after the ultrasonic trocar 1 is 
pulled out of the abdominal cavity, the incision closes, 
forming a scar, Which is substantially straight and linear. 

[0082] The ultrasonic trocar 1 is advantageous in the 
folloWing respects. 

[0083] As mentioned above, the paracentetic section 18, 
i.e., the distal end portion of the probe 11 of the needle unit 
5, is shaped pyramidal. The section 18 has tWo curved 
surfaces 21a and 21b formed by cutting the diagonally 
opposing tWo ridges 20a and 20b and also has tWo cutting 
edges 23a and 23b. The cutting edges 23a and 23b are the 
tWo other diagonally opposing ridges 22a and 22b and 
designed to cut living tissues. Thus, When ultrasonic vibra 
tion is transmitted to the paracentetic section 18 set in 
contact With the abdominal Wall, the cutting edges 23a and 
23b easily cut the abdominal Wall, making an incision in the 
abdominal Wall and the peritoneum. 

[0084] Further, the cutting edges 23a and 23b, Which 
constitute the thickest part of the unit 5, can cut the abdomi 
nal Wall efficiently. This is because the paracentetic section 
18, i.e., the thickest part of the needle unit 5, receives a 
larger force than any other part of needle unit 5 While the 
ultrasonic trocar 1 is inserted into the abdominal cavity. 
Hence, the distal end portion of the tubular sheath 4 can be 
smoothly inserted into the incision made in the abdominal 
Wall, along With the paracentetic section 18. The doctor only 
needs to move the trocar 1 toWard the abdominal cavity With 
a small force. This reduces the paracentetic section 18 from 
being inserted deeper into the abdominal cavity than nec 
essary and from damaging the organs present in the abdomi 
nal cavity. 

[0085] The larger the diameter of the insertion section of 
the trocar 1, the less the force With Which to insert the 
ultrasonic trocar 1 into the abdominal cavity. The experi 
ments conducted by the inventors hereof shoWed that the 
force Was particularly small When the paracentetic section 
18 had a diameter ranging from 3 mm to 12 mm. Thus, the 
ultrasonic trocar 1 is advantageous, in safety, over the 
conventional reusable trocars and disposable trocars. 

[0086] The ultrasonic trocar 1 does not have such a 
complex safety shield mechanism as the conventional dis 
posable trocars. Therefore, the trocar 1 can be steriliZed With 
gas or heat after every use. That is, the trocar 1 is reusable, 
helping to decrease medical cost. 

[0087] The curved surfaces 21a and 21b of the paracen 
tetic section 18 neither cut nor damage the tissues in the 
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abdominal Wall in the process of incising the abdominal 
Wall. Since the surfaces 21a and 21b diagonally oppose each 
other, the incision closes, forming a scar, Which is substan 
tially straight and linear, after the ultrasonic trocar 1 is pulled 
out of the abdominal cavity. This serves to heal the tissues 
present in the abdominal Wall Within a relatively short time. 

[0088] As shoWn in FIG. 3B, the tip 24 of the paracentetic 
section 18 is rounded as vieWed from above either curved 
surface (21a or 21b). Nonetheless, the paracentetic section 
18 can smoothly and reliably penetrate the peritoneum from 
the abdominal Wall, because the rounded tip 24 has a radius 
R of curvature of about 3 mm or less. If the radius R eXceeds 
3 mm, it Will be dif?cult for the section 18 to penetrate the 
peritoneum. In this case, cavitation may occur, separating 
the peritoneum from the abdominal Wall. 

[0089] FIGS. 4A and 4B shoW the paracentetic section of 
the needle unit of the ultrasonic trocar according to the 
second embodiment. The cutting edges of this paracentetic 
section are modi?cation of the cutting edges 23a and 23b of 
the ?rst embodiment. 

[0090] More speci?cally, sharp edges 23411 and 23a2 are 
formed at only the distal (thinnest) and proXimal (thickest) 
parts of the ridge 22a of the paracentetic section 18, respec 
tively. And tWo other sharp edges 23b1 and 23b2 are formed 
respectively at only the distal (thinnest) and proXimal (thick 
est) parts of the other ridge 22b that diagonally opposes the 
ridge 22a. (Namely, the edges 23a1, 23a2, 23b1 and 23b2 
are provided at only the parts of the ridges 22a and 22b, 
Which are indicated by circles in FIGS. 4A and 4B.) The 
middle parts of the ridges 22a and 22b are cut, forming ?at 
surfaces 31. 

[0091] Since each of the ridges 22a and 22b has tWo 
cutting edges at the distal and proXimal parts, respectively, 
and a ?at surface at the middle part, the needle unit 5 is 
easier to manipulate. The ultrasonic trocar according to the 
second embodiment is more advantageous than the ?rst 
embodiment. 

[0092] The sharp edges 23a1 and 23b1 formed at the distal 
parts of the opposing ridges 22a and 22b of the paracentetic 
section 18 can make an incision in the abdominal Wall and 
the peritoneum as easily as the cutting edges 23a and 23b of 
the ?rst embodiment. Further, the sharp edges 23412 and 
23b2 formed at the proXimal parts of the ridges 22a and 22b 
can cut the abdominal Wall and the peritoneum as smoothly 
as the cutting edges 23a and 23b of the ?rst embodiment, as 
the ultrasonic trocar 1 is pushed toWard the abdominal 
cavity. 

[0093] FIG. 5 shoWs the ultrasonic trocar according to the 
third embodiment of the invention. More precisely, it is a 
plan vieW of the paracentetic section 18 of the needle unit 5 
of the ultrasonic trocar. This paracentetic section 18 is a 
modi?cation of that of the ?rst embodiment (FIGS. 1A and 
1B, FIG. 2, and FIGS. 3A to 3D), as Will be described 
beloW. 

[0094] In the third embodiment, the pyramidal paracen 
tetic section 18 is shaped such that the apeX angle 01 is 
smaller than the tip angle 02 (02>01) and that the tip angle 
02 ranges from 45° to 90° (45°§02§90°). The tip angle 02 
is the one that the section 18 has as vieWed from above either 
cutting edge (23a or 23b). 
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[0095] Since the apeX angle 01 is smaller than the tip angle 
02 (02>01), the paracentetic section 18 is relatively short. 
This decreases the possibility that the distal end portion of 
the section 18 that has penetrated the abdominal Wall may 
damage the organs present in the abdominal cavity. More 
over, since the tip angle 02 ranges from 45° to 90° 
(45°§02§90°), the tip of the paracentetic section 18 need 
not be machined further. In other Words, the section 18 can 
be machined With ease and ef?ciency. 

[0096] FIG. 6 shoWs the paracentetic section of the needle 
unit of the ultrasonic trocar according to the fourth embodi 
ment. The paracentetic section 18 of the fourth embodiment 
is a modi?cation of the paracentetic section of the ?rst 
embodiment (FIGS. 1A and 1B, FIG. 2, and FIGS. 3A to 
3D), as Will be described beloW. 

[0097] AS shoWn in FIG. 6, the section 18 has a small, 
needle-shaped projection 41 protruding from the apeX. The 
projection 41 is sharp, making it easy to incise the abdomi 
nal Wall When the ultrasonic trocar 1 is pushed onto the 
abdominal Wall. As a result, the paracentetic section 18 can 
easily and smoothly penetrate the peritoneum from the 
abdominal Wall. Thus, the peritoneum Would not be sepa 
rated from the abdominal Wall as in the case of cavitation. 

[0098] The fourth embodiment is an ultrasonic trocar 1, 
like the ?rst to third embodiments. Nonetheless, it may be 
used as a trocar in Which no ultrasonic vibration is trans 

mitted to the paracentetic section. In this case, too, the 
needle-shaped projection 41 serves to accomplish reliable 
incision of the abdominal Wall When the trocar is pushed 
onto the abdominal Wall. 

[0099] FIG. 7 is a side vieW of the paracentetic section of 
the needle unit of the ultrasonic trocar according to the ?fth 
embodiment. The needle unit 5 of the ?fth embodiment is a 
modi?cation of that of the ?rst embodiment (FIGS. 1A and 
1B, FIG. 2, and FIGS. 3A to 3D), as Will be described 
beloW. 

[0100] As illustrated in FIG. 7, the probe 11 and the grip 
section 13 are connected together by a connection probe 51. 
The connection probe 51 has an appropriate length, adjust 
ing the length of the needle unit 5. During the use of the 
ultrasonic trocar 1, the connection probe 51 ampli?es the 
ultrasonic vibration transmitted to the paracentetic section 
18. The section 18 is therefore vibrated vigorously. This 
reduces the force that the doctor needs to apply to pass the 
trocar through the abdominal Wall. The ultrasonic trocar 1 
can be inserted into the abdominal cavity more smoothly 
than otherWise. 

[0101] FIGS. 8A to 8C and FIG. 9 shoW an ultrasonic 
trocar according to the siXth embodiment. More correctly, 
FIGS. 8A and 8B shoW the tubular sheath 4 of the trocar, 
FIG. 8C shoWs the paracentetic section 18 of the needle unit 
5, and FIG. 9 shoWs the tubular sheath 4 and the needle unit 
5 partly inserted in the sheath 4. The siXth embodiment is a 
modi?cation of the ?rst embodiment (FIGS. 1A and 1B, 
FIG. 2, and FIGS. 3A to 3D), as Will be described beloW. 

[0102] As shoWn in FIGS. 8A and 8B, tWo projections 61 
eXtend from the distal end of the insertion section 6 of the 
tubular sheath 4. (The section 6 is tapered at the circumfer 
ential surface 6a.) Further, the paracentetic section 18 of the 
needle unit 5 has tWo engagement grooves 62 cut in the 
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thickest part, as is illustrated in FIG. 8C. The projections 61 
Will ?t into the grooves 62 When the needle unit 5 is inserted 
into the tubular sheath 4. 

[0103] HoW the ultrasonic trocar according to the siXth 
embodiment is used Will be explained. 

[0104] First, the needle unit 5 is inserted into the tubular 
sheath 4. The ultrasonic trocar 1, i.e., a combination of the 
sheath 4 and the unit 5, is pushed onto the abdominal Wall 
H. The paracentetic section 18 of the needle unit 5 penetrates 
the abdominal Wall H, making an incision hole H1 in the 
abdominal Wall H. As the distal end of the insertion section 
6 of the tubular sheath 4 enters the incision hole H1, a force 
is applied from the inner surface of the hole H1 to both 
projections 61 that eXtend from the distal end of the section 
6. The projections 61 are resiliently bent inWards, ?tting into 
the engagement grooves 62 cut in the thickest part of the 
paracentetic section 18 as shoWn in FIG. 9. Hence, no 
stepped part eXists betWeen the tubular sheath 4 and the 
needle unit 5, and the junction betWeen the sheath 4 and the 
unit 5 therefore smoothly passes the rim of the incision hole 
Hi. Hence, the ultrasonic trocar 1 can be easily and smoothly 
inserted in the abdominal Wall H. 

[0105] The projections 61 may be permanently bent 
inWards. In this case, the projections 61 ?t into the grooves 
62 When the needle unit 5 is inserted into the tubular sheath 
4, thus assembling the ultrasonic trocar 1. The trocar 1, thus 
assembled, can be inserted in the abdominal Wall H more 
smoothly than in the case Where the projections 61 are 
resiliently bent inWards as the distal end of the insertion 
section 6 of the sheath 4 enters the incision hole H1. 

[0106] Further, the insertion section 6 of the tubular sheath 
4 may have only one projection, three projections or more 
projections, instead of tWo projections 61, and the paracen 
tetic section 18 may have only one groove, three grooves or 
more grooves, instead of tWo grooves 62. 

[0107] The siXth embodiment is an ultrasonic trocar 1. 
Nonetheless, it may be used as a trocar in Which no 
ultrasonic vibration is transmitted to the paracentetic sec 
tion. 

[0108] An ultrasonic medical device 71, Which is the 
seventh embodiment of the present invention, Will be 
described With reference to FIGS. 10 and 11. 

[0109] As shoWn in FIG. 10, the ultrasonic medical device 
71 has a hand piece 72. The hand piece 72 is electrically 
connected to the ultrasonic oscillation device 2 shoWn in 
FIG. 2. The hand piece 72 incorporates a vibration unit 75 
that comprises an ultrasonic oscillator 73 and a horn 74. The 
ultrasonic oscillator 73 is a means for generating ultrasonic 
Waves, such as a bolted Langevin type oscillator. The horn 
74 is coupled With the ultrasonic oscillator 73 and ampli?es 
the ultrasonic Waves the oscillator 73 has generated. Acover 
76 is removably mounted on the vibration unit 75, forming 
a grip section. The ultrasonic oscillator 73 has a plurality of 
elements that are laid one upon another. These elements may 
be either electrostrictive ones or magnetostrictive ones. 

[0110] Aprobe 77 (vibration-transmitting member) is con 
nected to the distal end of the vibration unit 75 incorporated 
in the hand piece 72. The probe 77 is made of metal such as 
titanium alloy or duralumin. As shoWn in FIG. 11, the probe 
77 has male screW 78 at the proximal end. The male screW 
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78 is set in engagement With the female screW (not shoWn) 
provided in the distal end of the horn 74. Thus, the probe 77 
is removably coupled, at its proximal end, to the distal end 
of the horn 74. The probe 77 may be coupled to the horn 74 
by any means other than screW engagement, provided that it 
can be removably connected to the horn 74 When rotated. 

[0111] A tubular sheath 76a covers the probe 77. The 
tubular sheath 76a is made integral With the cover 76. An 
annular space is provided betWeen the outer circumferential 
surface of the horn 74 and the circumferential surface of the 
probe 77, on the one hand, and the inner circumferential 
surface of the tubular sheath 76a, on the other hand. The 
annular space may be used as a passage for guiding cooling 
?uid to the distal end of the sheath 76a. 

[0112] In the ultrasonic medical device 71, the ultrasonic 
oscillator 73 is driven With the poWer supplied from the 
ultrasonic oscillation device 2. Thus driven, the ultrasonic 
oscillator 73 generates ultrasonic Waves. The horn 74 ampli 
?es the ultrasonic Waves. The Waves ampli?ed are transmit 
ted to the probe 77. The distal end portion of the probe 77 
is thereby vibrated. 

[0113] FIG. 11 shoWs the probe 77 removed from the hand 
piece 72. The probe 77 is a solid, rod-shaped member. The 
distal end portion of the probe 77 forms a cutting edge, like 
the distal end portion of the paracentetic section 18 of the 
needle unit 5. 

[0114] Atorque-generating section 79 (not shoWn in FIG. 
10), Which is an annular member, is mounted on the probe 
77 and located near the male screW 78. The torque-gener 
ating section 79 is made of plastic, such as PEEK (Poly 
etherethyle-ketone), PTFE (Te?on) or PsF (Polysulfone). 
The surface of the section 79 is knurled, having projections 
and depressions. The torque-generating section 79 is remov 
ably and rotatably connected to the probe 77. 

[0115] The torque-generating section 79 can be held With 
?ngers and rotated around the probe 77. When the section 79 
is rotated so, it imparts a torque large enough to secure the 
probe 77 to, and remove the probe from, the horn 74. The 
ratio of the outer diameter B of the section 79 to the diameter 
of the probe 77, i.e., B/A (A<B), the Width H of the section 
79, and the position at Which the section 97 is secured to the 
probe 77 are set such that the medical device 71 can serve 
to perform an ultrasonic treatment. (That is, the ratio B/A, 
the Width H and the position do not reduce the efficiency of 
generating ultrasonic Waves.) Preferably, the ratio B/A is 
less than 3 (B/A<3). This relation does not depends on the 
oscillation frequency of the ultrasonic oscillator 73. If the 
ratio B/A is equal to or greater than 3, various problems 
(e.g., changes in impedance) during the transmission of 
ultrasonic Waves. It has been found out that the probe 77 
cannot be vibrated at all or Will stop vibrating While the 
oscillator 73 is operating, if the ratio B/A is equal to or 
greater than 3. 

[0116] The position, at Which the torque-generating sec 
tion 79 is secured to the probe 77, is important. If the section 
79 takes a position near the male screW 78 as shoWn in FIG. 
11, the section 79 Will effectively apply a torque to the probe 
77, facilitating the screW-engagement of the probe 77 With 
the distal end of the horn 74. In this case, hoWever, the 
torque-generating section 79 is located at an antinode of the 
ultrasonic Wave. Nonetheless, the section 79 can be driven, 
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along With the probe 77, if the ultrasonic oscillator 73 has an 
oscillation frequency of 23.5 HZ, the Width H is 10 mm or 
less and the ratio B/A is less than 3. This prevent the 
amplitude of ultrasonic vibration of the probe 77 from 
decreasing. If the amplitude of ultrasonic vibration of the 
probe 77 is large, the torque-generating section 79 may be 
located at a node of the ultrasonic Wave. 

[0117] The torque-generating section 79 may be remov 
ably fastened to the probe 77, by means of either screW 
engagement or elastic snapping. Alternatively, the section 79 
can be permanently secured to the probe 77. 

[0118] The use of the torque-generating section 79 results 
in the folloWing advantages. 

[0119] First, the torque-generating section 79 is large 
enough to impart a torque to the probe 77 When held With 
?ngers and rotated. The probe 77 can therefore be easily 
fastened to, and separated from, the horn 74, When rotated 
With ?ngers. Any tool Whatever, such as a spanner, need not 
be used to fasten the section 79 to the probe 77, or to remove 
the section 79 from the probe 77. This makes it possible to 
replace the probe 77 With another Within a short time. 

[0120] Secondly, the torque-generating section 79 need 
not be removed from the probe 77 during the use of the 
ultrasonic oscillation device 2. This is because section 79 
does not obstruct the ultrasonic Wave treatment performed 
by the use of the ultrasonic oscillation device 2. Since the 
section 79 can remain attached to the probe 77 during the use 
of the device 2, there is no need to Worry about losing of the 
torque-generating section 79. 

[0121] Thirdly, the doctor can perceive hoW ?rmly or 
loosely the probe 77 is fastened to the horn 74, by applying 
a force to rotate the section 79, more easily and accurately 
than in the case Where the probe 77 is fastened to the horn 
74 With a spanner or the like. 

[0122] FIGS. 12A and 12B illustrate the probe of an 
ultrasonic medical device according to the eighth embodi 
ment of the invention. In the eighth embodiment, the torque 
generating section 79 is secured to the probe 77, unable to 
rotate With respect thereto. As shoWn in FIGS. 12A and 
12B, the probe 77 has tWo grooves 77a in the circumferen 
tial surface and the section 79 has tWo projections 79a on the 
inner circumferential surface. The section 79 is mounted on 
the probe 77, With the projections 79a ?tted in the grooves 
77a. Therefore, the torque-generating section 79 cannot 
rotate at all With respect to the probe 77. 

[0123] FIGS. 13A and 13B shoW the probe of an ultra 
sonic medical device according to the ninth embodiment of 
this invention. As shoWn in FIGS. 13A and 13B, the probe 
77 has tWo projections 77b on the circumferential surface 
and the torque-generating section 79 has tWo holes 79b in 
the inner circumferential surface. The section 79 is mounted 
on the probe 77, With the projections 77b ?tted in the holes 
79b. Thus, the torque-generating section 79 cannot rotate at 
all With respect to the probe 77. 

[0124] FIGS. 14A to 14C shoW three modi?cations of the 
probe 77 of the seventh embodiment (FIGS. 10 and 11), 
each designed to prevent the torque-generating section 79 
from rotating With respect to the probe 77. 

[0125] The ?rst modi?cation of the probe 77, shoWn in 
FIG. 14A, has a part having an oblate cross section. The ?rst 
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modi?ed probe has a portion 83 having a cross section of a 
special shape, for holding the torque-generating section 79. 
The portion 83 has been made by cutting a part of a round 
bar 81, forming tWo opposing ?at surfaces 82 that are 
parallel to each other. The torque-generating section 79 is 
mounted on that part of the round bar 81. 

[0126] The second modi?cation of the probe 77, shoWn in 
FIG. 14B, has a part 84 having a square cross section. 

[0127] The second modi?ed probe has been made by 
cutting a part of a round bar, forming four ?at surfaces. 

[0128] The torque-generating section 79 is mounted on 
that part of the round bar. 

[0129] The third modi?cation of the probe 77, shoWn in 
FIG. 14C, has a part 85 having a rectangular cross section. 
The third modi?ed probe has been made by cutting a part of 
a round bar, forming four ?at surfaces. The torque-generat 
ing section 79 is mounted on that part of the round bar. 

[0130] If the ?rst modi?ed probe shoWn in FIG. 14A is 
used, the torque-generating section 79 has an oblate hole and 
mounted on that part of the ?rst modi?ed probe Which has 
an oblate cross section. If the second modi?ed probe shoWn 
in FIG. 14B is used, the torque-generating section 79 has a 
square hole and mounted on that part of the second modi?ed 
probe Which has a square cross section. If the third modi?ed 
probe shoWn in FIG. 14C is used, the torque-generating 
section 79 has a rectangular hole and mounted on that part 
of the third modi?ed probe Which has a rectangular cross 
section. 

[0131] FIG. 15 illustrates the probe of an ultrasonic medi 
cal device according to the tenth embodiment of the inven 
tion. The tenth embodiment is characteriZed in that a rod 77 
and a torque-generating section 79 are combined, forming a 
probe 86. 

[0132] FIG. 16 shoWs the probe of an ultrasonic medical 
device according to the eleventh embodiment of this inven 
tion. The eleventh embodiment is characteriZed in that the 
probe 86, Which is similar to the probe of the tenth embodi 
ment (FIG. 15), has an aXial though hole 87. That is, the 
probe 86 is a holloW member. The ultrasonic oscillator 73 
and the horn 74 are also holloW members and are connected 
to a suction means. This enables the ultrasonic medical 
device to draW ?uids from any tissue or organ that is being 
treated by the use of the device. 

[0133] The structure of the seventh embodiment (FIGS. 
10 and 11) can be applied to the ultrasonic trocars 1 
according to the ?rst embodiment (FIGS. 1A and 1B, FIG. 
2, FIGS. 3A to 3D) to the siXth embodiment (FIGS. 8A and 
8B). If so, the probe 77 of the ultrasonic medical device 71 
Will function as the needle unit 5 of the trocar 1, With its 
proximal end removably connected to the horn 74 incorpo 
rated in the hand piece 72. The ultrasonic vibration Will be 
transmitted from the ultrasonic oscillator 73 to the distal end 
of the probe 77 through the horn 74. 

[0134] An medical instrument can be inserted into the 
abdominal cavity through the trocar 1, in the folloWing 
process. 

[0135] At ?rst, a pneumoperitoneal stylus is forced into 
the abdominal cavity through the abdominal Wall. Gas is 
introduced into the cavity through the pneumoperitoneal 
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stylus, thereby expanding the abdominal cavity so that 
medical instrument may be moved in the cavity easily. 

[0136] Thereafter, the pneumoperitoneal stylus is pulled 
out of the abdominal cavity. The probe 77 is inserted into the 
guide hole of the tubular sheath 4 of the trocar 1. The probe 
77 is vibrated With the ultrasonic Waves supplied from the 
oscillator 73 via the horn 74. The probe 77 vibrating and 
functioning as a needle is pushed, at its distal end, onto the 
abdominal Wall. The probe 77 makes an incision in the 
abdominal cavity and eventually pierces the abdominal Wall, 
together With the tubular sheath 4. Thus, the ultrasonic trocar 
1 is inserted into the expanded abdominal cavity through the 
incision made in the abdominal Wall. 

[0137] After the trocar 1 is set in the abdominal Wall, 
extending into the abdominal cavity, the probe 77 is pulled 
from the abdominal cavity through the guide hole of the 
tubular sheath 4. A medical instrument is inserted into the 
abdominal cavity through the guide hole of the tubular 
sheath 4. 

[0138] Having the probe 77 With a torque-generating 
section 79, the ultrasonic trocar 1 is advantageous in the 
folloWing respects. 

[0139] That is, the torque-generating section 79 of the 
probe 77, Which is the needle of the trocar 1, can have a 
diameter greater, by 10 mm or more, than the probe for use 
in combination With an ordinary ultrasonic coagulation 
incision device or the like. Hence, a large torque can be 
applied to the probe 77 by rotating the torque-generating 
section 79, Without tWisting the probe 77. This makes it easy 
to fasten the probe 77 to the horn 74 and separate the probe 
77 therefrom. 

[0140] FIG. 17 shoWs the probe of an ultrasonic medical 
device according to the tWelfth embodiment of the inven 
tion. The probe is the ?rst modi?cation of the probe of the 
seventh embodiment (FIGS. 10 and 11). This modi?ed 
probe has a torque-generating section 79 that is long, extend 
ing forWards from an antinode to a node of the ultrasonic 
Wave, for a quarter of-the Wavelength. In addition, the 
section 79 has a tapered end portion 88 at said node of the 
ultrasonic Wave. The tapered end portion 88 can amplify the 
ultrasonic vibration, as may be Well understood in the art. In 
other Words, the torque-generating section 79 extends for a 
quarter of the Wavelength from the antinode to the imme 
diate node of the ultrasonic Wave, and the probe 77 greatly 
decreases in diameter at this node. The ultrasonic vibration 
of the probe 77 can therefore be ampli?ed. 

[0141] FIG. 18 depicts the probe of an ultrasonic medical 
device according to the thirteenth embodiment of the inven 
tion. The probe is the second modi?cation of the probe of the 
seventh embodiment (FIGS. 10 and 11). The second modi 
?ed probe is characteriZed in that the torque-generating 
section 79 is mounted on the probe 77 and coupled thereto 
by a constant-force mechanism 91 so that the section 79 may 
function as a torque Wrench. 

[0142] More precisely, the inner circumferential surface of 
the section 79 is a ratchet surface 92 on Which tooth are 
formed. Tooth 93 are formed on the circumferential surface 
of the probe 77 and can mesh With the tooth provided on the 
ratchet surface 93. The ratchet surface 92 and the tooth 93 
constitute the constant-force mechanism 91. When the sec 
tion 79 is rotated in the direction of the arroW (FIG. 18) to 
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fasten the male screW 78 of the probe 77 to the horn 74, the 
tooth on the ratchet surface 9293 of the probe 77 abut on the 
tooth 93 of the probe 77. A torque is thereby applied to the 
probe 77. When the torque applied to the probe 77 exceeds 
a predetermined value, the tooth on the ratchet surface 92 
slip over the tooth 93 of the probe 77. That is, the constant 
force mechanism 91 serves to fasten the probe 77 to the horn 
74, preventing the probe 77 from rotated With an excessively 
large force. 

[0143] Hence, the probe 77 is fastened to the horn 74, 
alWays With an optimal fastening force. As a result, the horn 
74 can transmit the ultrasonic vibration to the probe 77 With 
stability and reliability. Since the probe 77 is fastened to the 
horn 74 With an appropriate force, it Would not be coupled 
With the horn 74 so ?rmly that it is hardly disconnected from 
the horn 74. 

[0144] It is desired that the torque-generating section 79 
be attached to the probe 77 at a node of the ultrasonic Wave. 
If the section 79 is so attached, the probe 77 Will not vibrate 
at the node of the ultrasonic Wave, and neither heat nor noise 
Will be generated at the junction betWeen the probe 77 and 
the section 79. 

[0145] FIGS. 19A to 19C illustrate the probe of an ultra 
sonic medical device according to the fourteenth embodi 
ment of the present invention. This probe is the third 
modi?cation of the probe of the seventh embodiment 
(FIGS. 10 and 11). As shoWn in FIG. 19B, an annular 
?ange 101 is mounted on that part of the probe 77 Which is 
located at a node of the ultrasonic Wave. The ?ange 101 
serves to fasten the torque-generating section 79 to the probe 
77. As shoWn in FIG. 19C, the ?ange 101 has four ?at 
surfaces on the circumferential surface and, therefore, has a 
substantially square cross section. 

[0146] The torque-generating section 79 comprises a pipe 
shaped base member 102 and a pipe-shaped fastening mem 
ber 103. The fastening member 103 is inserted in the base 
member 102 in screW engagement. The base member 102 
consists of a small-diameter part 104 and a large-diameter 
part 105. The small-diameter part 104 has an inner diameter 
smaller than the inner diameter of the large-diameter part 
105. The large-diameter part 105 has a screW hole 106. 

[0147] The fastening member 103 has a ring-shaped head 
107 at one end. A male screW 108 is cut in the outer 
circumferential surface of the fastening member 103, except 
the ring-shaped head 107. The male screW 108 is set in 
engagement With the screW hole 106 of the torque-generat 
ing section 79. 

[0148] An annular groove 109 is made in the inner cir 
cumferential surface of the base member 102, at the bottom 
of the screW hole 106 of the torque-generating section 79. 
The annular groove 109 has a diameter larger than the inner 
diameter of the small-diameter part 104. 

[0149] As shoWn in FIG. 19B, the ?ange 101 on the probe 
77 is clamped betWeen the torque-generating section 79 and 
the fastening member 103 set in screW engagement With the 
section 79. The section 79 is thereby fastened to the probe 
77, at the node of the ultrasonic Wave. The torque-generating 
section 79 is fastened to the ?ange 101, With a gap 110 
provided betWeen the outer circumferential surface of the 
probe 77 and the inner circumferential surface of the section 
7 9. 
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[0150] As shown in FIG. 19C, a plurality of parallel, axial 
grooves 111 are cut in the outer circumferential surface of 
the base member 102 of the torque-generating section 79. 
These grooves 111 make it easy for the doctor to hold the 
torque-generating section 79. 

[0151] The ultrasonic medical device, Which is the four 
teenth embodiment of the invention, is advantageous in the 
folloWing respects. 

[0152] Even if the probe 77 vibrate a little at the node of 
the ultrasonic Wave, heat Will hardly be generated at the 
interface betWeen the probe 77 and the torque-generating 
section 79. This is because the gap 110 is provided betWeen 
the outer circumferential surface of the probe 77 and the 
inner circumferential surface of the section 79. Heat, if any, 
generated at this interface Will be scarcely transmitted to the 
section 79, also thanks to the gap 110. 

[0153] The constant-force mechanism 91 used in the thir 
teenth embodiment (FIG. 18) may be employed in the 
fourteenth embodiment. If this is the case, the torque 
generating section 79 may function as a torque Wrench. 
Further, it is easy to rotate the torque-generating section 79, 
because the section 79 has a plurality of axial grooves 111 
cut in the outer circumferential surface. 

[0154] FIGS. 20A and 20B shoW the torque-generating 
section 79 of an ultrasonic medical device according to the 
?fteenth embodiment of the invention. This torque-generat 
ing section 79 is, so to speak, a modi?cation of the section 
79 of the seventh embodiment (FIGS. 10 and 11). The 
section 79 has tWo ?nger rests 121, Which extend from the 
outer circumferential surface in the radial direction of the 
section 79. By virtue of the ?nger rests 121, the section 79 
can generate a large torque When held With ?ngers and 
rotated around its axis. 

[0155] FIGS. 21A to 21D shoW an ultrasonic medical 
device, Which is the sixteenth embodiment of the present 
invention. The sixteenth embodiment is identical to the 
seventh embodiment (FIGS. 10 and 11), except for the 
mechanism for securing the probe 77 to, and separating the 
probe 77 from, the horn 74. The components similar or 
identical to those shoWn in FIGS. 10 and 11 are designated 
at the same reference numerals and Will not described in 
detail. 

[0156] In the sixteenth embodiment, the probe 77 can be 
secured to and removed from the hand piece 72 by means of 
a rotary ring 131. FIG. 21A shoWs tWo probes 77A and 77B 
Which different in diameter. The ?rst probe 77A has a 
diameter of, for example, 10 mm. The second probe 77B has 
a diameter of, for example, 5 mm. 

[0157] The probes 77A and 77B have each a male screW 
132 at the proximal end. The male screWs 132 of both probes 
77A and 77B have the same diameter. 

[0158] The horn 74 of the hand piece 72 has a screW hole 
133 in its distal end portion. The probes 77A and 77B is 
interchangeably fastened to the horn 74, With the male screW 
132 set in the screW hole 133 made in the distal end portion 
of the horn 74. 

[0159] The rotary ring 131 has an engagement hole 131a 
in one end, and a screW hole 131b in the other end. As shoWn 
in FIG. 21C, an annular groove 131c is cut in the inner 
circumferential surface of the rotary ring 131 and located 
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betWeen the engagement hole 131a and the screW hole 131b. 
As shoWn in FIG. 21B, 21 pair of recesses 131a1 are made 
in the inner circumferential surface of rotary ring 131 and 
located at the engagement hole 131a. The recesses 131a1 
extend in the opposite directions. 

[0160] The probes 77A and 77B have each an engagement 
part 134 at the proximal end and near the male screW 132. 
The engagement part 134 of either probe can be set into the 
engagement hole 131a of the rotary ring 131. The part 134 
has a pair of projections 134a, Which protrude in the 
opposite directions from the circumferential surface of the 
engagement part 134. Once the engagement part 134 is set 
in the engagement hole 131a, extending through the hole 
131a for a predetermined distance, the projections 134a ?t 
into the recesses 131a1 that are made in the inner circum 
ferential surface of rotary ring 131. The engagement parts 
134 of the probes 77A and 77B, each having tWo projections 
134a, are identical in shape and siZe. 

[0161] A torque-generating section 135 is mounted on the 
horn 74 of the hand piece 72. The torque-generating section 
135 has a male screW 136 on its circumferential surface. The 
male screW 136 can be set in the screW hole 131b of the 
rotary ring 131, to a predetermined depth from the proximal 
end of the rotary ring 131. 

[0162] The annular groove 131c cut in the inner circum 
ferential surface of the rotary ring 131 is a Width greater than 
that of the torque-generating section 135. Thus, the section 
135 can loosely ?t in the annular groove 131c and can be 
rotated. 

[0163] HoW the ultrasonic medical device according to the 
sixteenth embodiment is used Will be explained. 

[0164] First, the torque-generating section 135 of the horn 
74 is set into the screW hole 131b of the rotary ring 131. 
Then, the rotary ring 131 is rotated until the section 135 
reaches the annular groove 131c and rotatably ?ts into the 
annular groove 131c. The rotary ring 131 is thereby rotat 
ably coupled to the horn 74. Thereafter, the engagement part 
134 of the probe 77A or 77B is inserted into the engagement 
hole 131a of the rotary ring 131. The rotary ring 131 is 
rotated, rotating the probe 77A or 77B. As a result, the male 
screW 132 of the probe 77A or 77B is set into the screW hole 
133 of the horn. Either the probe 77A or the probe 77B is 
thereby coupled to the horn 74. 

[0165] The sixteenth embodiment is advantageous in that 
the probes 77A and 77B having different diameters can be 
easily secured to and removed from the hand piece 71, 
Without the necessity of using a spanner. In the sixteenth 
embodiment it is desired that the rotary ring 131 be alWays 
secured to the horn 74, so as not to go astray. 

[0166] FIG. 22 shoWs the rotary ring of an ultrasonic 
medical device according to the seventeenth embodiment of 
the invention. This device is a modi?cation of the sixteenth 
embodiment (FIGS. 21A to 21C). As shoWn in FIG. 22, a 
leaf spring 141 is provided in the engagement hole 131a of 
the rotary ring 131. The leaf spring 141 pushes the projec 
tions 134a of the probe 77 toWard the hand piece 72, Which 
are inserted in the engagement hole 131a. Hence, When the 
probe 77 is inserted into the rotary ring 131, the leaf spring 
141 pushes the probe 77 toWard the hand piece 72. This 
makes it easy to set the male screW 132, i.e., the proximal 






