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(57) ABSTRACT 

An ultrasonic suture device is provided for drilling are 
shaped holes through hard materials, such as rnetals, glass, 
or bone. The ultrasonic suture device includes a transducer, 
horn and probe. The probe is constructed of three sections 
including a stern section, extension section and are section. 
The stem section extends along the longitudinal axis of the 
ultrasonic suture device, While the arc section is constructed 
in the shape of an arc of a circle and is positioned concen 
trically With the stern’s axis. At the distal extremity of the 
probe is a tip constructed for drilling into hard rnaterials. 
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ULTRASONIC SUTURING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to ultrasonic drilling 
apparatus for highly ef?cient and precision use, such as 
medical and dental surgery. The present invention also 
relates to suturing devices for the medical ?eld. 

[0002] Dental and surgical procedures involving the use of 
an ultrasonic probe for removing tissue or for drilling are 
Well knoWn. For example, in dentistry various ultrasonic 
probes having operative tips that are caused to vibrate at a 
frequency of about 30,000 HZ are applied to the teeth and 
vibrated to remove scale and plaque from tooth surfaces. 
Ultrasonic probes are also used during cataract lens eye 
surgery to efficiently remove the cataract lens from the eye. 
Moreover, various surgical procedures make use of a ultra 
sonic probe for use in drilling holes through bone. Surgical 
procedures typically make use of various ultrasonic probes 
having operative tips that are caused to vibrate at frequen 
cies betWeen 20,000 HZ and 60,000 HZ With a stroke of 
about 20 pm to 150 pm depending on the medical purpose. 

[0003] MeanWhile, health practitioners frequently use 
sutures to close various openings such as cuts, punctures, 
and incisions in various places in the human body. Sutures 
are also used to join tWo body parts together by attaching a 
suture to a ?rst internal body part and then securing the 
suture to another body part. For example, reattachment of a 
rotator-cup tendon requires that a suture be passed through 
a detached tendon and then secured to a hole or anchor in a 
bone. 

[0004] SeWing of sutures has been done previously by 
physicians With devices such as mandibular aWls and 
J-hooks. A J-hook is a suture tool having a longitudinally 
extending handle, a stem projecting from the handle, and a 
hook projecting in the plane perpendicular to the axis of the 
handle and stem. The hook is rotated to push or pull the 
suture through a hole in the body tissue. Unfortunately, a 
J-hook tool cannot be used in connection With suturing 
through holes drilled in bone by prior art ultrasonic probes 
as the arc shaped end of the J -hook is incapable of projecting 
through the straight bore drilled by an ultrasonic probe. 

[0005] It Would thus be desirable to have an ultrasonic 
drilling device that drilled arced shapes through hard mate 
rials such as bone for medical procedures. It Would also be 
desirable to provide an ultrasonic drill Which Was capable of 
drilling arced shapes through other hard materials such as 
boron carbide, glass, titanium carbide, steel and the like. 

SUMMARY OF THE INVENTION 

[0006] Brie?y, in accordance With the invention, We pro 
vide an “ultrasonic suture device” capable of drilling arc 
shapes through hard materials. The ultrasonic suture device 
includes a pieZoelectric transducer for converting an exter 
nally supplied electrical Wave to an ultrasonic mechanical 
Wave producing a mechanical longitudinal stroke. The ultra 
sonic suture device further includes a horn adjacent to the 
pieZoelectric transducer. Either an exponential horn or 
stepped horn can be used depending on the device’s purpose. 
The elongate horn has a proximal end and a distal end. The 
proximal end is positioned adjacent to the transducer, While 
the distal end forms an operative tip. The length of the 
elongate horn is determined by the equation ()t/2)n, Where 
)»=Wavelength and n=1, 2, 3, 4 . . . , to bring a nodal point 
to the distal end of the horn. 
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[0007] Attached to the distal end of the elongate horn is a 
probe. The probe includes a stem section Which extends 
along a ?rst axis. The probe further includes an extension 
section and an arc section. The arc section is semicircular in 
construction and positioned in the plane perpendicular to the 
stem’s axis. MeanWhile, the extension section connects the 
stem section of the probe With the arc section of the probe. 
Preferably, the extension section ?rst projects outWardly 
from the stem section’s axis to de?ne a ?rst segment. 
Thereafter, the extension section transitions so as to have a 
small spiral segment in the plane perpendicular to the stem 
section’s axis. Extending from the distal extremity of the 
extension section’s spiral segment is the probe’s arc section. 
Preferably, the arc section of the probe is semicircular in 
construction and also constructed in the plane perpendicular 
to the stem’s axis. The length of the probe is determined by 
the equation )»(2n+1)/4, Where >\,=W21V€l€I1gth, and n=1, 2, 
3 . . . to bring the maximum amplitude of the stroke to the 
distal end of probe. 

[0008] In a preferred embodiment, the length of the ultra 
sonic suture device’s elements are constructed dependant 
upon the wavelength (9») produced by the transducer so that 
the sum of the lengths of the horn and probe is evenly 
divisible by 1A0», but not evenly divisible by 1/2)» according 
to the equation ()t/2)n+)t(2n+1)/4 so that the maximum 
amplitude of the Wave produced by the transducer is pro 
vided at the distal end of the probe. For example, in a 
preferred embodiment, the horn is one-half )t in length, 
the stem section is one-half )t in length, the ?rst segment 
of the extension section is one-eighth (1/8) )t in length, the 
second spiral segment of the extension section is one-eighth 
(1/8) 7» in length, and the length of the arc section is one-half 
(1/2) 7». As described, the sum of the lengths of the horn and 
probe is 7A0», and thus evenly divisible by 1A0» but not 1/2)». As 
understood by those skilled in the art the length is con 
structed to produce maximum vibration at the tip of the 
probe as maximum vibration is found at increments of 
one-half 9» along the length of the probe from the point 
1A0» after the ?rst nodal point after the transducer. 

[0009] The Wavelength is dependent on the frequency of 
the transducer and the velocity of the Wave through the horn 
and probe. The transducer may produce any frequency for 
purposes of the present invention, though common ultra 
sonic frequencies of 20-60 kHZ are considered preferable. 
The speed that the Wave travels through the ultrasonic suture 
device Will vary depending on the construction and materials 
used for the horn and probe. HoWever, it has been found that 
if medical grade stainless steel is used, the Wave speed 
through the device is approximately 5-6,000 m/second, and 
stainless steel SS316 has a velocity of 6,000 m/second. By 
using relatively simple mathematics, one skilled in the art 
can determine the Wave length of the ultrasonic suture 
device by knoWing the frequency of the device’s transducer. 
For example, Where a preferred ultrasonic suture device 
employs a stainless steel SS316 horn and probe, and a 
transducer producing 40 kHZ, the Wave length is equal to 
6,000 m/second+40 kHZ (Waves/second)=150 mm. Thus, 
the preferred ultrasonic suture device described above, hav 
ing a transducer producing 40 kHZ and having a horn and 
probe constructed of stainless steel SS316, has a horn length 
of 75 mm, and a probe having a stem length of 75 mm, a ?rst 
extension segment of 18.75 mm, a second spiral extension 
segment of 18.75 mm, and an arc section having a length of 
75 mm. Of course, the frequency of the transducer, material 
and the lengths of individual components may be altered by 
those skilled in the art Without departing from the spirit and 
scope of the invention. 
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[0010] In operation, a person attempting to create an arc 
shaped bore in a hard material places the probe’s tip adjacent 
to the hard material’s exterior surface. The probe is then 
rotated about the stem section’s axis so that the tip projects 
into the hard material along the arced path created by the 
arced construction of the arc section of the probe. The 
energy produced by the transducer is ampli?ed by the horn 
and transmitted to the device’s tip causing an arc shaped 
bore to be formed in the hard material as the probe is rotated. 

[0011] The probe and arc section of the probe may be 
rotated by manually rotating the transducer, horn and probe 
With one’s hands. Alternatively, the ultrasonic suture device 
of the present invention may include a construction Wherein 
the transducer and horn are rotatably affixed Within a hous 
ing as described in US. Pat. No. 6,204,592 Which is incor 
porated by reference herein. The housing includes a separate 
electrical motor electrically coupled to a control system for 
controllably rotating the transducer and horn Within the 
housing. Selective activation of the motor causes the trans 
ducer and horn to rotate Within the housing, thereby causing 
the probe to rotate relative to the stem’s axis. 

[0012] Accordingly, it is a principal object of the invention 
to provide an ultrasonic device capable of producing arc 
shaped bores through hard materials. 

[0013] It is still another object of the invention to provide 
an ultrasonic suture device for producing arc shaped bores 
through bone capable of being used in connection With 
suturing procedures. 
[0014] These and other, further and more speci?c objects 
and advantages of the invention Will be apparent to those 
skilled in the art from the folloWing detailed description 
taken in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a not-to-scale elevational vieW illustrat 
ing the various components of the ultrasonic suture device of 
the present invention; 

[0016] FIG. 2 is a cross-sectional top vieW illustrating the 
handle portion of the ultrasonic suture device and a top vieW 
of the probe of the ultrasonic suture device of the present 
invention; 
[0017] FIG. 3 is a top vieW illustrating a right-hand 
rotating probe for use With the ultrasonic suture device of the 
present invention; 

[0018] 
FIG. 3; 

[0019] FIG. 5 is a side vieW of a left-hand rotating probe 
for use With the ultrasonic suture device of the present 
invention; 
[0020] FIG. 6 is a side vieW of a right-hand rotating probe 
for use With the ultrasonic suture device of the present 
invention; 
[0021] FIG. 7 is a side vieW of a tip that can be used With 
the ultrasonic suture device of the present invention; and 

[0022] FIG. 8 is a rotated side vieW of the tip shoWn in 
FIG. 7. 

FIG. 4 is a bottom vieW of the probe shoWn in 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] While the present invention is susceptible of 
embodiment in various forms, as shoWn in the draWings, 

Dec. 19, 2002 

hereinafter Will be described the presently preferred embodi 
ments of the invention With the understanding that the 
present disclosure is to be considered as an exempli?cation 
of the invention, and it is not intended to limit the invention 
to the speci?c embodiments illustrated. 

[0024] As shoWn in FIGS. 1 and 2, the ultrasonic suture 
device 1 of the present invention includes a pieZo electric 
transducer 3 connected to a generator 41. The generator 
produces an electrical Wave Which travels along electrical 
cable 42 to the pieZoelectric transducer Which produces a 
high frequency sonic vibration. Preferably, the pieZoelectric 
transducer is constructed as a BLT (Bolt-clamped Langevin 
Type Transducer) With PZT (PieZoelectric Lead Zirconate 
Titanate Crystals). 

[0025] The ultrasonic suture device also includes an elon 
gate horn 5 having a proximal end 7 and a distal end 9. The 
proximal end 7 is positioned adjacent to the transducer 3, 
and preferably the transducer has an axial bore so that the 
proximal end 7 of the horn projects into the axial bore of the 
transducer. Attaching the horn to the transducer through an 
axial bore has been found to help transmit vibration from the 
transducer to the elongate horn. Preferably, the manufactur 
ing tolerances for attaching the horn to the transducer are 
extremely small to reduce any dampening of the ultrasonic 
vibration produced by the transducer. The elongate horn may 
be either an exponential horn or stepped horn depending on 
the ultrasonic suture device’s purpose. Exponential horns 
have a loW-Q (quality factor) and a Wider resonating fre 
quency range, While a stepped horn has a high-Q and 
relatively high gain (amplitude). 
[0026] The ultrasonic suture device also includes a hous 
ing 11 for housing both the transducer 3 and a portion of the 
horn 5. The distal end 9 of the horn projects out of the 
housing. Preferably, the housing is elongate in construction 
and siZed to be easily controlled and positioned by a 
technician’s hand. Depending on the use of the ultrasonic 
suture device of the present invention, the transducer and 
horn may be rotatably mounted Within the housing so as to 
rotate about the horn’s longitudinal axis. Moreover, a motor 
(not shoWn) may be provided Within the housing to selec 
tively control the rotation of the transducer 3 and horn 5 
relative to the housing 11. For the best performance, the 
housing should include self-lubricating bearings as 
described in US. Pat. No. 6,204,592. 

[0027] Of importance to practicing the present invention, 
attached to the distal extremity 9 of the horn 5 is a probe 13. 
The probe’s 13 proximal end 15 attaches to the distal end of 
the horn by a threaded connection 10. Contrary to the 
relatively straight probes of the prior art, the probe 13 of the 
present invention includes three distinct sections and a tip 19 
at the distal end 17 of the probe. More particularly, the probe 
13 includes a stem section 21, an extension section 23 and 
an arc section 29. 

[0028] The construction of the probe is best explained in 
connection With the Cartesian coordinate system shoWn in 
the FIGS. 2-4 Which de?ne axis x, y, and Z, and planes xy, 
yZ and XZ. The probe’s stem section 21 is a straight segment 
de?ning a stem axis, Which as shoWn in the ?gures is 
coincident With the x axis. MeanWhile, the extension section 
23 includes a ?rst segment 25 and a second short spiral 
segment 27 Which, in combination, provides a transition 
from the stem section 21 to the arc section 29. The ?rst 
segment 25 projects aWay from the x axis, Which as shoWn 
in the ?gures continues substantially Within the xy plane. 
Once the projection has formed a 90° bend, the ?rst segment 
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25 transitions into the spiral segment 27. Preferably, the 
spiral segment 27 is constructed Within the yZ plane, Which 
is perpendicular to the stem section’s axis. Extending from 
the distal end of the spiral segment 27 is the arc section 29. 
The arc section 29 of the probe 13 is shaped like an arc of 
a circle and preferably extends 135° to 180° of a circle. Also 
preferable, the arc section 29 is positioned concentric With 
the stem section 21 so that rotation of the ultrasonic suture 
device 1 about its longitudinal axis Will cause the arc section 
to rotate in the path of a circle. More particularly, the 
extension section 23 provides a transition linkage betWeen 
the stem section 21 and arc section 29 Which concentrically 
positions the arc section 29 so as to track a circular path 
When the ultrasonic suture device is rotated. 

[0029] The probe 13 may be constructed of various mate 
rials, though stainless steel medical grades are considered 
advisable. Moreover, Where the ultrasonic suture device is to 
be used in connection With medical surgery, it is preferred 
that the arc length be 2 to 10 cm in length and the diameter 
of the probe be 0.5 to 2.0 mm so that standard suture threads 
may be employed. 

[0030] At the distal extremity of the probe 13 is the tip 19. 
The tip may be attached to the end of the probe by numerous 
means knoWn to those skilled in the art, such as by a 
threaded connection. The operative tip can take any form 
designed for ultrasonic machines. For example, the tip can 
be constructed as a ?at screWdriver tip, a phillips head tip or 
even as a conventional drill bit. Preferably, the tip is made 
of a high strength material such as stainless steel or a metal 
alloy. As shoWn in FIGS. 7 and 8, preferably the tip 19 
includes longitudinal slots 43 for alloWing drilled material to 
pass through the slots. Moreover, it is preferred that the tip 
have a slightly larger diameter than the probe so as to drill 
a slightly larger hole through a desired material than the 
cross-section of the probe to provide sufficient space 
betWeen the probe and the bore’s sideWalls for debris to 
evacuate during the drilling procedure. 

[0031] Preferably, the lengths of the elongate horn 5 and 
probe 13 are determined by the length of a wavelength A in 
accordance With the equations )t/2(n)+)t(2n+l)/4 to maxi 
miZe the amplitude of the axial stroke produced by the 
transducer 3. With reference to FIGS. 2-4, in a preferred 

embodiment the length of the horn A is equal to one-half )t, the length of the stem section B of the probe is one-half 

(V2) 7», the length of the ?rst segment C of the extension 
section is one-eighth (V8) 7», the length of the second spiral 
section D is one-eighth (Va) A and the length of the arc 
section is one-half )t. The frequency produced by the 
transducer and materials of the horn and probe effect the 
velocity of the ultrasonic Waves transmitted through the 
ultrasonic suture devices. For example, an ultrasonic suture 
device having a transducer operating at 40 kHZ, and includ 
ing a horn and probe constructed of stainless steel SS316, 
providing a velocity of 6,000 m/second, the Wavelength is 
150 mm. Thus, a preferred ultrasonic transducer 1 of the 
present invention having a transducer operating at 40 kHZ 
and a horn and probe constructed of SS316, the horn Would 
have a length of 75 mm; the stem Would have a length of 75 
mm; the ?rst extension segment Would have a length of 
18.75 mm; the second extension segment Would have a 
length of 18.75 mm; and the arc section Would have a length 
of 75 mm. Of course, these dimensions may be altered 
Without departing from the spirit and scope of the invention. 
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For example, providing a stem length of one (1) )L (150 mm), 
instead of one-half )L (75 mm), Would still provide a horn 
and probe length divisible by one-half )L thus providing 
maximum ultrasonic energy at the tip of the probe. 

[0032] Although the present invention has been described 
With reference to the preferred embodiments, Workers 
skilled in the art Will recogniZe that changes may be made 
in form and detail Without departing from the spirit and 
scope of the invention. For example, the probe may be 
constructed With an arc section having either right handed 
rotation as shoWn in FIGS. 3, 4 and 6, or the probe may be 
constructed With an arc section having left handed rotation 
as shoWn in FIGS. 1, 2 and 5. Therefore, the scope of the 
invention shall not be limited by the speci?cation above. 
Having described our invention in such terms to enable 
those skilled in the art to make and use it, and having 
identi?ed the presently preferred embodiments thereof, We 
claim: 

1. An ultrasonic suturing device comprising: 

a holloW housing; 

a transducer positioned Within said housing; 

an elongate horn having a proximal end engaging said 
transducer and a distal end; and 

a probe engaging said distal end of said elongate horn and 
positioned at least partially external to said housing, 
said probe including a stem section de?ning a ?rst axis, 
an extension section, an arc section and a tip, said arc 
section being adjacent to said tip and shaped like the are 
of a circle. 

2. The ultrasonic suturing device of claim I Wherein said 
arc section is positioned in the plane substantially in the 
plane perpendicular to said ?rst axis. 

3. The ultrasonic suturing device of claim 1 Wherein said 
arc section is positioned concentric With said ?rst axis. 

4. The ultrasonic suturing device of claim 1 Wherein said 
arc section is semicircular. 

5. The ultrasonic suturing device of claim 1 Wherein said 
probe further includes an extension section, said extension 
section being at least partially helical or spiral in construc 
tion. 

6. The ultrasonic suturing device of claim 1 Wherein said 
probe is rotatable relative to said housing. 

7. The ultrasonic suturing device of claim 1 Wherein said 
transducer and horn create an ultrasonic Wave having a 
wavelength 7», said arc section having a length of approxi 
mately (l/zk) n, Where n=1, 2, 3 . . . 

8. The ultrasonic suturing device of claim 1 Wherein said 
transducer, horn and probe create an ultrasonic Wave having 
a wavelength 7», said sum of the lengths of said horn and said 
probe being approximately evenly divisible by one-fourth 
(1A) 7», but not one-half )t. 

9. The ultrasonic suturing device of claim 1 Wherein said 
transducer, horn and probe create an ultrasonic Wave having 
a Wavelength i, said horn having a length of approximately 
one-half 7», said stem section having a length of approxi 
mately one-half 7», said extension section having a 
length of approximately one-quarter (1A) 7», and said arc 
section having a length of approximately one-half )t. 

* * * * * 


