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(57) ABSTRACT

A medical drill assembly 1includes a probe connectable at a
proximal end to an electromechanical transducer for gener-
ating mechanical vibration of an ultrasonic frequency. The
probe has a shaft with a central lumen or channel, the shaft
being formed at a distal end with a head having a tapered
distal side. A source of pressurized liguud communicates
with the lumen or channel of the probe, and a translatory or
linear drive 1s operatively connected to the probe for apply-
ing a distally directed force to the probe. A controller is
operatively connected to the translatory or linear drive for
periodically at least reducing the magnitude of the distally
directed force.
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ULTRASONIC SURGICAL DRILL,
ASSEMBLY AND ASSOCIATED SURGICAL
METHOD

FIELD OF THE INVENTION

[0001] This invention relates to an ultrasonic bone drill.
This invention also relates to an ultrasonic surgical drilling
assembly. The method also relates to an associated method.

BACKGROUND OF THE INVENTION

[0002] In the field of orthopedics, the cutting of living
bone 1s a prerequisite for many procedures. Such procedures
include the reconstruction of damaged tissue structures due
to accidents, the grafting of healthy bone into areas damaged
by disease, or the correction of congenital facial abnormali-
ties like a receding chin line. Over several centuries, these
tasks were performed through the utilization of devices
called bone saws.

[0003] 'Traditional bone saws are categorized into several
basic categories. Hand powered saws or drills are just that,
hand held devices which require the operator to move the
device 1n a fashion similar to that used for carpentry tools.
Powered devices, whether electric or pneumatic, are of
either the reciprocating or rotary type. The reciprocating
devices use a flat, sword like blade where the back and forth
motion 1s provided by a motor instead of the hand. The
rotary devices use a rotating motor to spin a drill bit or a
blade which has teeth arranged around its circumierence
similar to a table saw blade. All of these traditional bone
saws are used today in medical procedures around the world.

[0004] There are many spinal operations where it 1s nec-
essary to cut into or perforate hard bone. Decompression of
the spinal canal requires removal or bone or disc. In order to
stabilize the spinal column the adjacent levels are fused.
This requires hardware such as screws and rods. Prior to
installing the screws, the surgeon needs to drill holes of a
diameter smaller than that of the screws. Since the bone 1s
very hard, 1t 1s necessary to apply significant pressure to drill
the holes.

[0005] In the past, surgeons have used hand braces and
bits of a design very similar to those used for non-medical
purposes, for example carpentry. Such tools are not com-
pletely satistactory because it has been found that such tools
can cut through the bone and damage the nerves of the spinal
cord.

[0006] It has been found that ultrasonic blades, 1f properly
designed and properly used, can cut bone without damaging
the soft tissue adjacent the bone. U.S. Patent Application
Publication No. 20050273127 by Novak et al. discloses a
surgical blade and a related method of use of that surgical
blade 1n an ultrasonically assisted procedure for cutting
bone, wherein adjacent soft tissue 1s not damaged. The
observation was made that the sharper the blade, 1.e., the
smaller the minor dimension of a vertical trapezoid formed
by the included angle of a blade of width N, the more likely
that cutting of hard tissues resulted in collateral damage,
particularly 1incisions, 1 surrounding soft tissue. It was
discovered that blades with an edge thickness between
approximately 0.001" and approximately 0.010" inch
offered the best compromise between ellective, safe cutting
of hard tissue such as bone while being sparing of surround-
ing soit tissue.
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[0007] The teachings of U.S. Patent Application Publica-
tion No. 20050273127 pertain to linear cutting blades
moved by a reciprocating sawing-type motion, and not to
rotary tools. Drilling into bone evidently requires its own
protective technique and associated tool for minimizing or
avoilding damage to brain tissues.

SUMMARY OF THE INVENTION

[0008] The present invention aims to provide an improved
ultrasonic drill, particularly with an improved ultrasonic
drill bit or head, that 1s especially configured for drilling into
bone such as a skull.

[0009] A medical drill assembly comprises, 1n accordance
with the present invention, a probe connectable at a proximal
end to an electromechanical transducer for generating
mechanical vibration of an ultrasonic frequency. The probe
has a shaft with a central lumen or channel, the shait being
formed at a distal end with a head having a tapered distal
side. The assembly further comprises a source of pressurized
liquid communicating with the lumen or channel, a transla-
tory or linear drive operatively connected to the probe for
applying a distally directed force to the probe, and a con-
troller operatively connected to the translatory or linear
drive for periodically at least reducing the magnitude of the
distally directed force.

[0010] Pursuant to another feature of the invention the
distal side of the head 1s provided with at least one port or
opening communicating with the lumen or channel.

[0011] Preferably, the distal side of the head 1s formed
with a plurality of force-concentrating formations. The
force-concentrating formations are exemplarily taken from
the groups comprising knurls, beads, and teeth. It 1s con-
templated that the distal side of the head 1s covered through-
out with the force-concentrating formations.

[0012] The at least one port or opening may be centrally
located in the distal side of the head. Where the port or
opening 1s one of a plurality or ports or openings in the distal
side of the head, all of the ports or openings communicate
with the lumen or channel.

[0013] The translatory or linear drive may reversible, 1n
which case the controller 1s operatively connected to the
translatory or linear drive to periodically reverse the trans-
latory or linear drive, thereby reducing the magnitude of the
distally directed force to zero for intervals of time.

[0014] Pursuant to another feature of the present mnven-
tion, the controller 1s operatively connected to the electro-
mechanical transducer for energizing same with an electrical
wavelorm having the ultrasonic frequency and for pulsing
the frequency so that the mechanical vibration 1s periodi-
cally interrupted for a predetermined period of time. Where
the interruption or reduction of the distally directed force has
a given frequency or period, the pulsing of the ultrasonic
vibratory preferably has a frequency that 1s greater than the
frequency of interruption or reduction i1n the application of
force to the probe. (One might consider, then that at least
three frequencies are involved in controlling the probe
during an operation: the frequency of ultrasonic vibration,
the frequency of pulsing the ultrasonic vibratory energy, and
the frequency of interruption of the force of application.)
[0015] Pursuant to a feature of the present invention, the
distal side of the probe head has a geometric form that 1s
axially symmetric. Preferably, the distal side has a shape that
1s conical, frusto-conical, convex, or concave. In a convex
case, the slope of the distal side of the probe head, or of an
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envelope thereot, 1s greatest at the proximal end of the probe
head and decreases 1n a distal direction to be least at the
distal end of the probe. In the concave case, the opposite
occurs, that 1s, the slope of the distal side of the probe head,
or of an envelope thereoft, 1s least at the proximal end of the
probe head and increases i1n a distal direction to have a
greatest value at the distal end. The slope may be measured
with the probe 1n a vertical orientation, with a vertical y-axis
and a horizontal x-axis.

[0016] It 1s to be noted further that the distal side of the
probe head may have some variation in the shape. For
instance, the distal side may a combination or mixture of
different tapering shapes, such as an assemblage of convex,
concave, and conical. More specifically, a distal most end
portion of the heads distal side may be conical while a more
proximal portion 1s convex or concave.

[0017] A surgical method pursuant to the present invention
utilizes an ultrasonic probe having a shaft with a central
lumen or channel, the shaft being formed at a distal end with
an enlarged head tapering down on a distal side, the lumen
or channel terminating in a port or opening at an outer
surface of the head. The method comprises connecting the
probe at a proximal end to a source of ultrasonic vibratory
energy, connecting the lumen or channel to a source of
pressurized liquid, coupling the probe to a mechanical drive,
pacing the distal side of the probe head against a surface of
a bone, and while the distal side 1s 1n contact with the bone
surface, operating the transducer to vibrate the head and the
distal side at an ultrasonic frequency. While the distal side of
the head 1s 1n contact with the surface of the bone and during
the operating of the transducer, one actuates the drive to
exert a force on the probe tending to push the probe into the
bone and conducts liquid through the lumen or channel to
the port or opening. While the distal side 1s 1n contact with
the surface of the bone and while the liquid 1s being
conducted through the lumen or channel to the port or
opening, the actuating of the drive 1s periodically interrupted
so as to reduce, 11 not eliminate, the distally directed force.
Elimination of the force occurs when the drive 1s reversed to
pull the probe 1n a proximal direction, away from the bone
tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 1s partially a block diagram and partially a
schematic partial longitudinal cross-sectional view of a
probe of a surgical treatment assembly in accordance with

the present invention.

[0019] FIG. 2A 1s a schematic partial longitudinal cross-
sectional view of a modification of the probe of FIG. 1.
[0020] FIG. 2B 1s a schematic partial longitudinal cross-
sectional view of another modification of the probe of FIG.
1.

[0021] FIG. 3A 1s a schematic partial longitudinal cross-
sectional view of a different modification of the probe of
FIG. 1.

[0022] FIG. 3B 1s a schematic partial longitudinal cross-
sectional view of yet another modification of the probe of

FIG. 1.

[0023] FIG. 4 1s a side elevational view of a probe 1n
accordance with the present invention.

[0024] FIG. 5A 1s a side elevational view, on an enlarged
scale, of the distal end of the probe of FIG. 4.

[0025] FIG. 5B 1s a distal end elevational view of the
probe of FIGS. 4 and SA.
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[0026] FIG. 5C 1s a longitudinal cross-sectional view, on
an enlarged scale, of the distal end of the probe of FIG. 4,
taken along line E-E 1n FIG. 5B.

[0027] FIG. 5D 1s an 1sometric view, on an enlarged scale,
of the distal end of the probe of FIG. 4.

[0028] FIG. 6A 1s a side elevational view, on an enlarged
scale, of a first modification of the distal end of the probe of
FIG. 4.

[0029] FIG. 6B 1s a distal end elevational view, on an
enlarged scale, of the modified probe end of FIG. 6A.
[0030] FIG. 6C 1s a longitudinal cross-sectional view, on
an enlarged scale, of the modified probe end of FIGS. 6 A and
6B, taken along line F-F 1n FIG. 6B.

[0031] FIG. 6D 1s an 1sometric view, on an enlarged scale,
of the modified probe end of FIGS. 6 A through 6C.

[0032] FIG. 7A 1s a side elevational view, on an enlarged
scale, of a second modification of the distal end of the probe
of FIG. 4.

[0033] FIG. 7B 1s a distal end elevational view, on an
enlarged scale, of the modified probe end of FIG. 7A.
[0034] FIG. 7C i1s a longitudinal cross-sectional view, on
an enlarged scale, of the modified probe end of FIGS. 7A and
7B, taken along line G-G 1 FIG. 7B.

[0035] FIG. 7D 1s an 1sometric view, on an enlarged scale,
of the modified probe end of FIGS. 7A through 7C.
[0036] FIG. 8A 1s a side elevational view, on an enlarged

scale, of a third modification of the distal end of the probe
of FIG. 4.

[0037] FIG. 8B 1s a distal end elevational view, on an
enlarged scale, of the modified probe end of FIG. 8A.
[0038] FIG. 8C 1s a longitudinal cross-sectional view, on
an enlarged scale, of the modified probe end of FIGS. 8 A and
8B, taken along line H-H in FIGS. 9B.

[0039] FIG. 8D 1s an 1sometric view, on an enlarged scale,
of the modified probe end of FIGS. 8A through 8C.
[0040] FIG. 9A 1s a side elevational view, on an enlarged

scale, of a second modification of the distal end of the probe
of FIG. 4.

[0041] FIG. 9B 1s a distal end elevational view, on an
enlarged scale, of the modified probe end of FIG. 9A.
[0042] FIG. 9C 1s a longitudinal cross-sectional view, on
an enlarged scale, of the modified probe end of FIGS. 9A and
9B, taken along line K— 1n FIG. 9B.

[0043] FIG. 9D 1s an 1sometric view, on an enlarged scale,
of the modified probe end of FIGS. 9A through 9C.

[0044] FIG. 10 1s a block diagram of a surgical system
utilizable 1n combination with the surgical treatment assem-
bly of FIG. 1, in accordance with the present invention.

DETAILED DESCRIPTION

[0045] As depicted in FIG. 1, a medical drill assembly
particularly for drilling holes into bone that 1s not previously
perforated comprises a probe 12 connectable at a proximal
end to an electromechanical transducer 14 for generating
mechanical vibration of an ultrasonic frequency, typically
between 22 KHz and 1 MHz. The transducer 1s typically a
piezoelectric element or stack of such elements, or may
alternatively be of a magnetostrictive type. Probe 12 has a
shaft 16 with a central lumen or channel 18 and 1s formed at
a distal end with an enlarged conical or frusto-conical head
20. A source 22 of pressurized liquid such as saline solution
communicates with lumen of channel 18. Source 22 may be
realized a peristaltic pump or other pumping mechanism.
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[0046] A translatory or linear drive 24 1s operatively
connected to probe 12 for applying a distally directed force
F to the probe. In the case that probe 12 1s manually held,
drive 24 assists 1n pressing probe head 20 through a bone
surface BS and 1nto hard bone tissue HBT. In the case of a
robotically mounted probe 12, drive 24 may be responsible
for supporting the probe and moving the probe 1nto contact
with target bone tissue HBT.

[0047] A controller 26 1s operatively connected to the
translatory or linear drive 24 for activating the drive and
periodically at least reducing the magnitude of the distally
directed force F during a surgical bone drilling procedure.
Reduction may be accomplished by reversing drive 24, so
that probe 12 1s temporarily withdrawn or retracted from its
most distal location inside the bone at the surgical site.
[0048] The reduction 1n, or reversal of, force F typically
occurs with a periodicity ranging from a tenth of a second to
one or two seconds. The interruption generally has a dura-
tion on the order of a fraction of a second (e.g., 0.1 second
to 1 second). The interruption in the application of force F,
whether a reduction 1n pressure or a reversal of the probe’s
direction of motion, enables the pressurized liquid from
source 22 to clear osseous debris from central lumen or
channel 18, thereby ensuring continued delivery of coolant
to the surgical site and removal of debris.

[0049] Controller 26 typically includes a computer or

processor (e.g., 712, FIG. 10) and a waveform generator
(710, FIG. 10) that 1s preferably digital as described in U.S.

Pat. Nos. 8,659,208 and 9,070,856, the disclosures of which
are hereby 1ncorporated by reference. Controller 26 prefer-
ably continues to energize transducer 14 during all or a
portion of the time that force F 1s interrupted or probe 12 1s
retracted, which serves to {facilitate the dislodging and
ejection of debris from lumen or channel 18. Probe 12 is
preferably provided with an ancillary port in shait 16 or a
proximal portion of head 20 that communicates with lumen
or channel 18 to release excess liquid pressure.

[0050] A rotary or oscillating drive 40 may be operatively
connected to probe 12 for applying a sector rotation to the
probe. Drive 40 oscillates probe 12 about a longitudinal axis
39 of probe 12 through an angle of up to 45° in each angular
direction, clockwise and counterclockwise, from a rest posi-
tion. This oscillating sector rotation may be applied during
the application of longitudinal force F by drive 24 and may
be continued, reduced or stopped during the interruption,
reduction or reversal of force F.

[0051] Probe head 20 has a distal side 28 that 1s conically
shaped and provided with at least one port or opening 30
communicating with lumen or channel 18. Distal side 28 of
probe head 20 1s formed with a plurality of force-concen-
trating formations 32 that are pyramidal knurls, beads, or
teeth. Preferably a conical portion 34 of distal head side 28
1s covered throughout with the force-concentrating forma-
tions 32.

[0052] Diastal side 28 of probe head 20 takes the form of
a truncated cone, with port or opening 30 at the center, in the
truncated area of the cone. Probe head 20 has a proximal
axially symmetric surface 36 which is tapered 1n a curve of
changing slope towards an outer surface 38 of shaft 14.

[0053] FIG. 2A shows a modified probe head 42, utilizable

as part of probe 12 1n the system or assembly of FIG. 1, that
1s provided with a plurality of ducts or branching channels
44, 46 that extend to a conical distal side 48 of the probe

head from a central lumen or channel 50 that performs the
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same 1rrigation function as lumen or channel 18 1n FIG. 1.
The irrigant 1s used to cool the probe head, particularly along
the tissue-prove interface. Arrows 352, 54, 56 show the flow
path of liquid 1rrigant during a surgical procedure.

[0054] FIG. 2B shows another modified probe head 62,
utilizable as part of probe 12 in the system or assembly of
FIG. 1, where the central channel 1s closed or blocked at 64.
Teeth 66 can extend across the truncated end. The advantage
of this embodiment 1s that 1t helps with preventing a forward
shooting jet of 1rrigant from reaching unintended tissue as
when the port or opening 30 1s full size.

[0055] As illustrated in FIG. 3A, a probe head 70 utiliz-
able as part of probe 12 1n the system or assembly of FIG.
1 has a distal side 72 with a shape that 1s convex rather than
conical or frusto-conical. A probe incorporating head 70 has
a shatt 74, a lumen or channel 76 for liquid irrigant con-
duction, and a layer of force-concentrating formations 78
such as pyramidal beads or teeth. Lumen or channel 76
terminates 1n a port or opening 79 at a distal tip (not
separately designated) of the instrument. Distal side 70, or
an envelope thereof, has a slope that 1s greatest at the
proximal end 71 of the probe head 70 and decreases 1n a
distal direction to be least at the distal end of the probe. A
slope line 73 becomes increasingly horizontal as one pro-
ceeds 1n the distal direction from proximal end 71.

[0056] FIG. 3B shows a probe head 80, utilizable as part

of probe 12 1n the system or assembly of FIG. 1, has a distal
side 82 with a shape that 1s concave rather than conical or
frusto-conical. A probe incorporating head 80 has a shaft 84,
a lumen or channel 86 for liquid irrigant conduction, and a
layer of force-concentrating formations 88 such as pyrami-
dal beads or teeth. Lumen or channel 86 terminates 1n a port
or opening 89 at a distal tip (not separately designated) of the
instrument. Distal side 80, or an envelope thereof, has a
slope that 1s least at the proximal end 81 of the probe head
80 and increases 1n a distal direction to be least at the distal
end of the probe. A slope line 83 becomes increasingly
vertical as one proceeds 1n the distal direction from proximal

end 81.

[0057] FIGS. 4 and SA-5D show a probe 112 with a shaft
116 having a central axial lumen or channel 118 and a head
120. Head 120 includes a tapered distal side portion 122, a
central cylindrical portion 124 and a proximal tapered
portion 126. Distal and proximal tapered portions 122 and
126 are formed with force-concentrating pyramidal teeth
128 and 130, while center cylindrical portion 124 1s smooth.
Head 120 1s connected to a cylindrical portion 132 of shaft
116 via a slight tapered region 134. At a predetermined
distance from head 112, depending on the expected depth of
drill holes to be formed in bone tissue during surgical
procedure, shaft 116 may exhibit a gently or gradually
shaped portion or horn section 136 which serves to increase
the amplitude of longitudinal vibration.

[0058] Probe 112 1s provided at a proximal end with a
threaded connector 150 for connecting the probe to an
electromechanical transducer 14 (FIG. 1) and a proximal
portion 152 with flats 154 for tightening the coupling of
probe 112 to the transducer 14 with a wrench.

[0059] FIGS. 6A-6D show a probe 212 with a shaft 216
having a central axial lumen or channel 218 and a head 220.
Head 220 includes a conically tapered distal side portion
222, a central cylindrical portion 224 and a proximal tapered
portion 226. Distal and proximal tapered portions 222 and
226 are formed with force-concentrating pyramidal teeth
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228 and 230, while center cylindrical portion 224 1s smooth.
Head 220 1s connected to a cylindrical portion 232 of shaft
216 via a short tapered region 234. At a predetermined
distance from head 212, depending on the expected depth of
drill holes to be formed in bone tissue during surgical
procedure, shaft 216 may exhibit a gently or gradually
shaped portion or horn section which serves to increase the
amplitude of longitudinal vibration. Head 220 1s provided
with ancillary ducts 236 that branch from central lumen or
channel 218 and extend to distal tapered portion 222.

[0060] FIGS. 7A-7D show a probe 312 with a shait 316

having a central axial lumen or channel 318 and a head 320.
Head 320 includes a conically tapered distal side portion
322, a central cylindrical portion 324 and a proximal tapered
portion 326. Distal and proximal tapered portions 322 and
326 are formed with force-concentrating pyramidal teeth
328 and 330, while center cylindrical portion 324 1s smooth.
Head 320 1s connected to a cylindrical portion 332 of shaft
216 via a short tapered region 334. At a predetermined
distance from head 312, depending on the expected depth of
drill holes to be formed in bone tissue during surgical
procedure, shaft 316 may exhibit a gently or gradually
shaped portion or horn section which serves to increase the
amplitude of longitudinal vibration. Head 320 1s provided
with ancillary ducts 336, larger than ducts 236, that branch
from central lumen or channel 318 and extend to distal
tapered portion 322.

[0061] FIGS. 8A-8D show a probe 412 with a shait 416
having a central axial lumen or channel 418 and a head 420.
Head 420 includes a conically tapered distal side portion 422
and a main portion 424. Distal tapered portion 422 1s formed
with force-concentrating pyramidal teeth 428, while main
portion 424 1s smooth. This main portion 424 exhibits a
decrease 1n diameter, that 1s, a tapering down, 1n a proximal
direction. Head 420 1s connected to a cylindrical portion 432
of shaft 416 via a short tapered region 434. At a predeter-
mined distance from head 412, depending on the expected
depth of drill holes to be formed 1n bone tissue during
surgical procedure, shaft 416 may exhibit a gently or gradu-
ally shaped portion or horn section which serves to increase
the amplitude of longitudinal vibration. Head 420 1s pro-
vided with ancillary ducts 436, similar to ducts 336, that
branch from central lumen or channel 418 and extend to
distal tapered portion 422.

[0062] FIGS. 9A-9D show a probe 512 with a shait 516
having a central axial lumen or channel 518 and a head 520.
Head 520 includes a conically tapered distal side portion 522
formed with force-concentrating pyramidal teeth 528. On a
proximal side, opposite conically tapered portion 528, head
520 1s connected to a cylindrical portion 332 of shaft 516 via
a short tapered region 534. At a predetermined distance from
head 512, depending on the expected depth of drill holes to
be formed 1n bone tissue during surgical procedure, shaft
516 may exhibit a gently or gradually shaped portion or horn
section which serves to increase the amplitude of longitu-
dinal vibration. Head 520 may be optionally provided with
ancillary ducts, similar to ducts 236 or 336, that branch from
central lumen or channel 518 and extend to distal tapered
portion 522.

[0063] All of the above-described probes may be utilized
in the medical or surgical assembly of FIG. 1, 1n substitution
for probe 12.

Oct. 24, 2019

[0064] At least one port or opening 1s one of a plurality or
ports or openings 1n the distal side of the head, all of the
ports or openings communicating with the lumen or channel.
[0065] It 1s to be noted that drive 24 may be reversible,
controller 26 being operatively connected to drive 24 to
periodically reduce the magnitude of force F to zero and to
even withdraw the probe 12, 112, 212, 312, 412, 512 slightly

betfore re-1nstituting the application of distally directed force
F.

[0066] Preferably, during the periods where controller 26
causes drive 24 to reduce, if not entirely cease, the appli-
cation of distally directed force F to probe 12, 112, 212, 312,
412, 512, electromechanical transducer 14 continues to
generate ultrasonic-frequency vibrations in the probe. This
results 1n a shaking loose and disruption of tissue that may
be adhering to the distal side 28 of the probe 12, 112, 212,
312, 412, 512, lodged for instance in between teeth or knurls
32, 128, 228, 328, 428, 528. Controller 26 1s operatively
connected to transducer 14 for energizing same with an
clectrical waveform having the ultrasonic frequency and
may be configured for pulsing the ultrasonic waveform or
frequency so that the ultrasonic vibration of the probe 12,
112, 212, 312, 412, 512 and its head 20, 120, 220, 320, 420,
520 1s periodically interrupted for a predetermined period of
time. Where the periodic reduction of the magnitude of the
distally directed force F has a predetermined frequency or
periodicity, the pulsing of the ultrasonic energization wave-
form or frequency has a pulsation frequency or rate that 1s
greater than the predetermined frequency or periodicity of
reduction of force F by drive 24.

[0067] Pulsation of the ultrasonic waveform or frequency
exemplarily occurs with a duty cycle of between 80% and
90%. Thus, with a period of 250 msec, the off portion of the
ultrasonic vibratory energy would have a duration of 25 to
S0 msec.

[0068] In another mode of operation of the surgical treat-
ment assembly of FIG. 1, controller 26 may activate drive 24
to continually press the probe 12, 112, 212, 312, 412, 512
into the bone tissue I-IBT during the entire procedure. The
ultrasonic transducer 14 may be energized continuously or
in pulsed mode.

[0069] The assembly of FIG. 1 1s able to effectively cool
the mstrument and prevent excessive heat application to the
bone tissue owing to the flow of liquid through distal end
port or opening 30 (and/or via branches or ducts 44 and 46).
When the probe 12, 112, 212, 312, 412, 512 1s driven into
tissue HBT by drive 24, the backup pressure resulting from
the flow restriction created by the probe-tissue contact helps
with maintaining suflicient flow to prevent tissue heating.
The potential for tissue heating 1s further reduced when the
driving force 1s stopped and/or reversed for a brief interval.
During this time, the wetting of the probe distal end 28, 122,
222,322,422, 522 1s more eflicient, improving the removal
of heat. The constant presence of liqud at the instrument-
tissue 1nterface improves cavitational eflects and tissue
penetration efliciency. When force F 1s interrupted, whether
drive merely eases off or reverses, the ultrasonic vibration 1s
preferably maintained. This ensures that any tissue tempo-
rarily retained by the probe geometry 1s released.

[0070] It is to be noted that the ultrasonic vibratory motion

of probe 12, 112, 212, 312, 412, 512 may be longitudinal,
torsional or a combination of these two vibration modes.

[0071] In a surgical method utilizing the assembly of FIG.
1 with any probe 12, 112, 212, 312, 412, 512 and especially
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the last two, 1t 1s observed that the probe head 1s an enlarged
head that tapers down 1n a distal direction to a tip or apex,
which may be blunted by the presence of an irrigant outlet
port or opening 30, 79, 89. The method contemplates
connecting the probe 12, 112, 212, 312, 412, 512 at a
proximal end to a source of ultrasonic vibratory energy,
connecting the lumen or channel 18, 118, 218, 318, 418, 518
to a source 22 of pressurized liquid, and coupling the probe
12, 112, 212, 312, 412, 512 to a mechanical drive. The
method further includes placing the tip or distal side 28, 72,
82,122,222, 322, 42, 522 of the probe head 20, 70, 80, 120,
220, 320, 420, 520 against a surface BS of a bone and, while
the tip or distal side 28, 72, 82, 122, 2222, 322, 422, 522 1s

in contact with the bone surface BS, operating transducer 14

to vibrate the head and the distal surface or side at an
ultrasonic frequency. While the distal side 28, 72, 82, 122,

222,322,422, 522 1s 1n contact with the surface of the bone

and while operating the transducer 14, actuating the drive 24
to exert a force on the probe 12, 112, 212, 312, 412, 512
tending to push the probe into the bone. While the distal side
of the head 20, 70, 80, 120, 220, 320, 420, 520 1s 1n contact
with the surface of the bone and while operating the trans-
ducer 14 to generate ultrasonic vibration (particularly a
standing wave) in the probe, liquid 1s conducted through the
lumen or channel 18, 76, 86, 118, 218, 318, 418, 518 to the
port or opening 30, 79, 89 (or via channels 44, 46). Also,

while the distal probe side 28, 72, 82, 122, 222, 322, 422,
522 1s 1n contact with the surface of the bone BS and while
the liquid 1s being conducted through the lumen or channel
18,76,86,118, 218, 318, 418, 518 to the port or opening 30,
79, 89 (44, 46), one periodically interrupts the actuating of
the drive 24 so as to reduce the force applied.

[0072] The periodic interrupting of actuating the drive 14
may include reversing the drive temporarily. “Interruption”™
or “interrupting’” as that term us used herein, means that the
pressure or force F acting to push the probe 12, 112, 212,
312, 412, 512 and 1ts head 20, 70, 80, 120, 220, 320, 420,
520 into the bone HBT 1s at least reduced and possibly
climinated altogether, as when the operation of drive 14 1s
reversed. One may continue to operate the transducer 14 to

vibrate the head 20, 70, 80, 120, 220, 320, 420, 520 and the
distal head side 28, 72, 82, 122, 222, 322, 422, 522 while the

actuating of the drive 24 1s interrupted.

[0073] It 1s to be noted that the enlarged head 20, 70, 80,
120, 220, 320, 420, 520 of a probe 12, 112, 212, 312, 412,
512 as disclosed herein means that the drill hole 1s wider
than the probe shatt 12, 74, 84, 116, 216, 316, 416, 516
which spaces the probe shaft from the tissue during the
drilling of a deep hole, thereby reducing inadvertent damage
to the tissue that would result from the probe shait 12, 74,
84, 116, 216, 316, 416, 516 touching the wall of the drill
hole. A deep hole may be required, for instance, in spinal
reconstruction or reinforcement, as in disk fusions.

[0074] A sheath (not shown) may be provided about the

shaft 12, 74, 84, 116, 216, 316, 416, 516 of the probe. The
sheath may be passively retractable or spring loaded.

[0075] Various {features disclosed herein 1 diflerent
embodiments, as depicted 1n the drawings, may be combined
to form alternative embodiments. For instance, the embodi-
ments of FIGS. 3A and 3B may be modified to incorporate
the duct structure of FIG. 2A or FIG. 2B.
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[0076] The distal sides of the probe head configurations
disclosed herein are typically axially symmetric. However,

1t 1s within the scope of the invention that asymmetries may
be included.

[0077] It 1s to be noted further that the distal side of the
probe head may have some variation in the shape. For
instance, the distal side may a combination or mixture of
different tapering shapes, such as an assemblage of convex,
concave, and conical. More specifically, a distal most end
portion of the heads distal side may be conical while a more
proximal portion 1s convex or concave.

[0078] The present invention may be used with bone-

cutting probes other than surgical drills, for instance the
blade disclosed 1in U.S. Pat. Nos. 6,379,371, 6,443,969 and

0.387.005.

[0079] FIG. 10 depicts a surgical system utilizable with,
and integrated into, the system of FIG. 1, for operation
during the distally directed motion of probe 12 under the
application of a forward force F, to forestall soft tissue
damage on the far or distal side of a bone being drilled or cut.
The system of FIG. 1 1s therefore used 1n the transection or
drilling of osseous tissue 1n close proximity to vitally
important structures such as the spine. Principal components
or subsystems of the system of FIG. 10 include an ultrasonic
wavelorm generator 710 (formed as part of controller 26 in
FIG. 1), a digital processor 712 (also part of controller 26),
an ultrasonic nstrument assembly 714 including an electro-
mechanical transducer 716 (typically the same as transducer
14) and an ultrasonic blade 718 (e.g., head 20 of probe 12),
and a robotic system 720. Ultrasonic instrument assembly
714 1s attached to a robotic arm 722 of system 720. (Drives
24 and 40 may be component parts of system 720.) Blade
718 1s an integral or unitary part of a probe or tool 724
including a shank and a screw connector (neither shown

separately) that couples the probe or tool to electromechani-
cal transducer 716 (or 14).

[0080] In order to ensure safe operation of the surgical
system, there should be no sudden surges 1n the penetration
speed of blade 718 (or probe 12 including head 20) at a
breakthrough point, that 1s, at a point when blade 718 (20)
just penetrates through a distal side of a bone being cut. The
surgical system of FIG. 10, when incorporated into the
system of FIG. 1, 1s configured so that robotic arm 722
moves ultrasonic blade 718 (or probe 12 with head 20) at a
constant forward feed speed through the bone during a
cutting operation, that 1s during a forward or distally directed
phase of application of force F (FIG. 1). Digital processor
712 1s connected to a plurality of translational servomecha-
nisms 726a, 726b, 726¢ (equivalent to drive 24 in FIG. 1)
and a plurality of rotation servomechanisms 728a, 7285,
728¢ (equivalent to drive 40 i FIG. 1) that implement
degrees of freedom necessary for imnstrument control. Digital
processor 712 reduces forward motion of blade 718 (12, 20)
through the bone tissue at a preselected surgical site and
preferably halts the forward motion automatically upon a
reduction 1n load per unit time or applied power, as moni-
tored by a pickup or load sensor 730. Alternatively or
additionally, power applied to transducer 716 (14, FIG. 1) by
wavelorm generator 710 may be curtailed or interrupted.

[0081] Load sensor 730 may be part of a wavelform
generation subsystem 732, included in effect as part of
wavelorm generator 710. The wavetform generation control
portion of digital processor 712, as well as the wavetorm
generation subsystem 732 may take a form as described 1n
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U.S. Pat. Nos. 8,659,208 and 9,070,856, the disclosures of
which are hereby incorporated by reference.

[0082] The constant feed speed of blade 718 (probe 12
with head 20, during a positive or distal application of force
F 1in FIG. 1) 1s maintained by robotic arm 722 1n response to
the selective activation of servomechanisms 726a, 7265,
726¢ and 728a, 728b, 728¢ by digital processor or control
unit 712. Load change pickup as detected via load sensor
730 1s implemented 1n a feedback loop of the ultrasonic
power application components (digital processor 712, wave-
form generator 710, transducer 716), more precisely the
variation of the drive voltage as a function of load. See U.S.
Pat. Nos. 8,659,208 and 9,070,856. In order to maintain a
constant motional amplitude, the ultrasonic controls main-
tain a constant motional current and phase angle while
alternatively increasing and decreasing the ultrasonic volt-
age as a function of rising and falling load. At a break-
through point, a voltage drop, associated with a decreased
load, will be used as imput to the servo controls (digital
processor 712) for stopping or interrupting the operation of
servomechanisms 726a, 7265, 726¢ and 728a, 7285, 728¢.
Additionally, the power output of the ultrasonic waveform
generator 710 may be at least substantially reduced or
interrupted.

[0083] Bone cutting blade 718 1s formed at a distal end
with a cutting edge 734 and may take the form shown in U.S.
Pat. Nos. 6,379,371 and 6,443,969. Blade 718 1s configured
for transmitting ultrasonic vibrational energy, more specifi-
cally being dimensioned with probe 724 and transducer 716
to carry therewith an ultrasonic standing wave of desired
frequency, exemplarily 22.5 KHz. As discussed above, con-
trol unit or processor 712 1s operatively connected to robotic
arm 722 and configured i part for controlling motion of
robotic arm 722 so that the robotic arm moves the bone
cutting blade 718 at a constant or uniform rate (speed)
through bone tissue during a cutting operation. Electrical or
ultrasonic waveform generator 710 1s operatively connected
to the ultrasonic electromechanical transducer 716 for ener-
g1zing same to vibrate bone cutting blade 718 at the prese-
lected (design) ultrasonic frequency. Processor 712 1s opera-
tively connected to the electrical waveform generator and
configured therewith to monitor load on ultrasonic electro-
mechanical transducer 16. Processor 712 1s further config-
ured to undertake, upon sensing a reduction in load or
applied power (via mput from load sensor 730), a control
action of inducing the robotic arm 22 to halt motion of bone
cutting blade 718 and/or at least substantially reducing
wavelform energy output of the ultrasonic electromechanical
transducer 716.

[0084] An associated surgical method utilizing the 1llus-
trated surgical system typically includes mounting ultra-
sonic bone cutting blade 718 and ultrasonic electromechani-
cal transducer 716 to robotic arm 722, and wvia
servomechanisms 726a, 7265, 726¢ and 728a, 7285, 728¢
actuating the robotic arm to move the cutting blade at a
constant or uniform rate through bone tissue during a
surgical cutting operation. Flectrical waveform generator
710 1s operated to energize electromechanical transducer
716 to vibrate blade 718 at an ultrasonic frequency (e.g.,
22.5 kHz) during the surgical cutting operation. The oper-
ating of waveform generator 710 includes adjusting power
output thereof to maintain a constant vibrational amplitude
of the ultrasonic bone cutting blade, as disclosed in U.S. Pat.

Nos. 8,659,208 and 9,070,856. The method includes auto-
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matically monitoring load or power output of waveform
generator 710 and, upon sensing a reduction in load or
applied power, operating the servomechanisms 726a, 7265,
726¢ and 728a, 7285, 728¢ to actuate robotic arm 722 to halt
motion of blade 718 and optionally at least substantially
reducing waveform energy output of waveform generator
710.

[0085] The operating of the electrical or ultrasonic wave-
form generator 710 includes adjusting power output thereof
to maintain a constant vibrational amplitude of the ultrasonic
blade 718. Preferably, this 1s accomplished by adjusting
voltage of the power output of the ultrasonic waveform
generator 710 while maintaiming motional current and phase
angle constant. See U.S. Pat. Nos. 8,659,208 and 9,070,856.
[0086] Although the invention has been described 1n terms
of particular embodiments and applications, one of ordinary
skill 1n the art, in light of this teaching, can generate
additional embodiments and modifications without depart-
ing from the spirit of or exceeding the scope of the claimed
invention. Accordingly, it 1s to be understood that the
drawings and descriptions herein are proflered by way of
example to facilitate comprehension of the invention and
should not be construed to limit the scope thereof.

What 1s claimed 1s:

1. A medical drill assembly comprising;:

a probe connectable at a proximal end to an electrome-
chanical transducer for generating mechanical vibra-
tion of an ultrasonic frequency, said probe having a
shaft with a central lumen or channel, said shait being
formed at a distal end with an enlarged head having a
tapered distal side;

a source of pressurized liquid communicating with said
lumen or channel;

a translatory or linear drive operatively connected to said
probe for applying a distally directed force to said
probe; and

a controller operatively connected to said translatory or
linear drive for periodically at least reducing the mag-
nitude of said distally directed force.

2. The medical drill assembly defined 1n claim 1 wherein
said distal side of said head 1s provided with at least one port
or opening communicating with said lumen or channel.

3. The medical drill assembly defined 1n claim 2 wherein
said distal side of said head 1s formed with a plurality of
force-concentrating formations.

4. The medical drill assembly defined 1n claim 3 wherein
said force-concentrating formations are taken from the
groups comprising knurls, beads, and teeth.

5. The medical drill assembly defined 1n claim 3 wherein
said distal side of said head is covered throughout with said
force-concentrating formations.

6. The medical drill assembly defined 1n claim 2 wherein
said at least one port or opening 1s centrally located 1n said
distal side of said head.

7. The medical drill assembly defined 1n claim 2 wherein
said at least one port or opening 1s one of a plurality or ports
or openings 1n said distal side of said head, all of said ports
or openings communicating with said lumen or channel.

8. The medical drill assembly defined 1n claim 1 wherein
said controller 1s operatively connected to said electrome-
chanical transducer for energizing same with an electrical
wavelorm having said ultrasonic frequency and for pulsing
said frequency so that the mechanical vibration 1s periodi-
cally interrupted for a predetermined period of time.
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9. The medical drill assembly defined 1n claim 8 wherein
the reducing of the magnitude of said distally directed force
has a predetermined frequency or periodicity, the pulsing of
said frequency has a pulsation frequency or rate that 1s
greater than said predetermined frequency or periodicity.

10. The medical drll assembly defined in claim 1, further
comprising a rotary or oscillating drive operatively con-
nected to said probe for applying a sector rotation to said
probe.

11. The medical drill assembly defined i claim 10
wherein said rotary or oscillating drive rotates said probe in
alternating angular directions about a longitudinal axis of
said probe.

12. The medical drill assembly defined 1n claim 1 wherein
said translatory or linear drive 1s reversible, said controller
being operatively connected to said translatory or linear
drive to periodically reverse said translatory or linear drive,
thereby reducing the magmtude of said distally directed
force to zero for intervals of time.

13. The medical drill assembly defined 1n claim 1 wherein
said distal side has a geometric form that 1s axially sym-
metric.

14. The medical drll assembly defined in claim 1 wherein
said distal side has a shape taken from the group consisting
of conical, frusto-conical, convex, and concave.

15. A surgical method comprising:

providing an ultrasonic probe having a shaft with a central

lumen or channel, said shaft being formed at a distal
end with an enlarged head having a tapered distal side,
said lumen or channel terminating 1n a port or opening
at an outer surface of said head;

connecting said probe at a proximal end to a source of

ultrasonic vibratory energy;

connecting said lumen or channel to a source of pressur-

1zed liquid;
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coupling said probe to a mechanical drive;
placing said distal side against a surface of a bone;

while said distal side 1s 1n contact with said bone surface,
operating said transducer to vibrate said head and said
distal side at an ultrasonic frequency;

while said distal side 1s in contact with said surface of said
bone and while operating said transducer, actuating
said drive to exert a force on said probe tending to push
said probe into said bone;

while said distal side 1s in contact with said surtace of said
bone and while operating said transducer, conducting
liquad through said lumen or channel to said port or
opening; and

while said distal side 1s in contact with said surface of said
bone and while said liquid 1s being conducted through
said lumen or channel to said port or opening, periodi-
cally mterrupting the actuating of said drive so as to
reduce said force.

16. The method defined 1n claim 15 wherein the periodic
interrupting of actuating said drive includes reversing said
drive temporarily.

17. The method defined in claim 135, further comprising
continuing to operate said transducer to vibrate said head
and said distal side while the actuating of said drnive 1s
interrupted.

18. The method defined in claim 15 wherein said head 1s
provided with a conical outer surface, said lumen or channel
having a plurality branches extending to respective ports or
openings 1n said conical surface, the conducting of liquid
through said port or channel including conducting said
liguid through said branches to the respective ports or
openings.



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Description
	Page 9 - Description
	Page 10 - Description
	Page 11 - Description
	Page 12 - Description
	Page 13 - Description/Claims
	Page 14 - Claims

