ULTRASONI C SURA CAL BLADE AND | NSTRUMENT HAVI NG A GAI N
STEP Field of the Invention [0001] The present
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bl ades and ultrasoni c surgical instrunments whi h
i nclude ultrasonic surgical blades, and nore
particularly to those having a gain step. Background
of the Invention [0002] U trasonic surgica
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cable. An ultrasonic transm ssion rod of the

i NS n%n Pas a, proximal end and a distal end,
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the ultrasonic transducer. An ultrasonic surgical

blade |s actlvated by the distal end of the ultrasonic
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nost-di stal vibration node (a vibration node being a

poi nt of substantially zero displacenent), and a
seWti on antinode (a vibration

anti node being a point of maxi num di spl acenent

relative to all other points i n a half wave), wherein
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[0003] A known ultrasonic surgical blade is a cylindrical blade which has a
distal tip, a most-distal vibration node (a vibration node being a point of
substantially zero displacement), and a second most-distal vibration antinode (a
vibration antinode being a point of maximum displacement relative to all other
points in a half wave), wherein the most-distal vibration antinode is the distal
tip. Longitudinal ultrasonic vibration of the blade generates motion and heat in
the contacted tissue, wherein the heat primarily provides the means for the blade
to cut and/or coagulate patient tissue. The blade has a gain step located a
distance from the most-distal vibration node which is less than 5% of the

distance between the distal tip and the second-most-distal vibration antinode



antinode to the nost-distal vibration node. The known

bl ade consists of a snaller-dianeter right-circul ar
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vi bration node to the distal tip. The change in

di aneter provides a gain in vibration anplitude for

the smal | er-diameter section &f the bl ade equal to the

ratio of the transverse cross-sectional areas of the

| arger di aneter bl ade section to the snaller dianeter
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distal vibration node of the welding rod by a distance less than 5% of the
distance between the second-most-distal vibration antinode and the distal end of
the welding rod. It is also known in ultrasonic welding of plastics to provide an
ultrasonic welding rod with a hole or a slot to provide a gain in longitudinal

vibration amplitude.

[0006] What is needed is an improved ultrasonic surgical blade, and an
improved ultrasonic surgical instrument which includes an ultrasonic surgical

blade, having a longer or shorter active length.



antinode, and has a gain step. The gain step is

| ocat ed between the secondnost- distal vibration
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spaced apart fromthe nost-distal vibration node by a

gai n-step di stance greater th%n 5% of the distance

bet ween t he second-nost-di stal” vi brati on anti node and

the distal tip. [0008] A second expression of an
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antinode. [0010] Several benefits and advantages are
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and the gain step is spaced apart from the most-distal vibration node by a gain-
step distance greater than 5% of the distance between the second-most-distal

vibration antinode and the distal tip.

[0009] A third expression of an embodiment of the invention is for an
ultrasonic surgical blade including an ultrasonic-surgical-blade body. The
ultrasonic-surgical-blade body has, in any half wave length of the ultrasonic-
surgical-blade body, a first vibration antinode, a vibration node, a second
vibration antinode, and a gain step. The gain step is located between the second

vibration antinode and the first vibration antinode. The gain step is spaced apart



a gain step having a gain greater than unity (i.e., an

anplification step) further than conventionally taught
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tip further increased the active |length of the

ul trasoni c surgical bl ade evezg\ht hough the vi bration

anplitude gain was | ess than en conventionally
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an ultrasonic surgical blade offers advantages for particular surgical

applications, as can be appreciated by those skilled in the art.

[0011] The present invention has, without limitation, application in robotic-

assisted surgery.

Brief Description of the Drawings

[0012] Figure 1 is a schematic view of a first embodiment of an ultrasonic
surgical instrument including a first embodiment of an ultrasonic surgical blade

of the invention;



[0015] Figure 4 is a longitudinal cross-sectional view

of the nost-distal onehal f wavel ength, including the
wale@saker8T p, of a third enbodi nent of the surgPCHIUS2004/036897

bl ade of figure 1. Detail ed Description of the

I nvention [0016] Before explq%ning t he present

invention in detail, it should be noted that the

invention is not limted in its application or use to

t he detalls of constru%flon and arrangenent of part
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i s understood that any one or nore of the
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| i hiadgof Bedred. gain feature of a reduced di ameter can
be conbined with a gain feature of a hole. [0018]
Referring nowto the drawings, figures 1-2 illustrate
a first enbodi ment of the invention. A first

ex Pre¢sitedddesofiptine of theshnvemtimdi nent of figures 1-2 is
for an ultrasonic surgical blade 10 including an

ul trasoni csurgical - bl ade body 12 having a distal tip
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Furthermore, unless otherw1se indicated, the terms and express1ons employed

herein have been chosen for the purpose of describing the illustrative
embodiment of the present invention for the convenience of the reader and are

not for the purpose of limiting the invention.

[0017] It is understood that any one or more of the following-described
expressions of an embodiment, examples, etc. can be combined with any omne or
more of the other following-described eipressions of an embodiment, examples,
etc. For example, and without limitation, a gain feature of a reduced diameter

can be combined with a gain feature of a hole.

[0018] Referring now to the drawings, figures 1-2 illustrate a first

embodiment of the invention. A first expression of the first embodiment of



gai n-step distance 22 greater than 5%f the distance
24 between the secondnost- distal vibration antinode
wdaoandh7she distal tip 14. [0019] In one inpl ePENUSI000086897

of the first expression of the first enbodi ment of
figures 1-2, the gain step distance 22 is between

subst anti al I y 25% and subst anfi al | y 45% of the

di stance 24 between the second-nost-distal vibration

anti node and the distal tip 14. Those of ordinary
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[0020] In one example of the first expression of the first embodiment of
figures 1-2, between the second-most-distal vibration antinode 18 and the distal
tip 14, the maximum vibration amplitude of the ultrasonic-surgical-blade body
12 proximal the gain step 20 is less than the maximum vibration amplitude of
the ultrasonic-surgical-blade body 12 distal the gain step 20. In this example,
the gain of the gain step 20 is greater than unity and results from a reduction in
mass of the ultrasonic-surgical-blade body 12 between the gain step 20 and the
distal tip 14 compared to the mass of the ultrasonic-surgical-blade body 12

between the gain step 20 and the second-most-distal vibration antinode 18.



the gain step and the distal tip conpared to the nmass

of the ultrasonic-surgical bl ade body between the gain
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Thi s enbodi nent can be easily visualized, in one

exanpl e, by swtching the IOQ?tions of the distal tip

14 and the second-nost-distal’ vibration antinode 18 i

n figure 2. [0022] In one enabl ement of the first
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[0023] In one illustration of the first expression of the first embodiment of
figures 1-2, the ultrasonic-surgical-blade body 12 has a longitudinal axis 26 and
consists essentially of a first geometric solid 28 having a substantially constant
first transverse cross-sectional area from the gain step 20 to the distal tip 14 and
a second geometric solid 30 having a substantially constant second transverse
cross-sectional area from the gain step 20 to the sec_ond—most-distal vibration
antinode 18. The second transverse cross-sectional area is different than the

first transverse cross-sectional area. In one variation, the shape and size of the
first external perimeter of the first transverse cross-sectional area is substantially
equal to the shape and size of the second external perimeter of the second

transverse cross-sectional area. In one modification, at least one of the first and



14. Applicants found that | ocating the gain step 20 at
the point where the gain equal ed the square root of
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to facilitate i1rrigation and/or sucti
di fshietiamtInenbibei arsmeemerdt ths ebivasonit lergical blade 10 also includes a

ul trasoni c;surgi cal - bl ade .body,has .a | ongitudi nal axis
andheuereat Wbl p dpRbSurct ity Bhiind ® 88) ¢
anGompdEEERA df 618 AMBsbhi6-seRidallblaliBBody (5 wIHGPEREE the first
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vi bration antinode to the gain step 20 and the first

| ongddadicnal .hole 34 to have a di anet whi ch .
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fi GolLhas a [DAGitMEA] Akis QA8 colbsid EdsEiallP B8 a fift GeoRbtrid®lid

precedi ng paragraph are equally applicable to this

entsBdpgegend geometric solid. The first geometric solid has a first mass, extends
from the gain step to the distal tip, and has a non-constant first transverse cross-
sectional area. The second geometric solid has a second mass, extends from the
gain step to the second-most-distal vibration antinode, and has a non-constant
second transverse cross-sectional area. The second mass is different than the
first mass. This embodiment is easily visualized, in one example, by
considering the second longitudinal hole 36 to have a diameter which decreases

from the second-most-distal vibration antinode 18 to the gain step 20 and the

first longitudinal hole 34 to have a diameter which increases from the gain step



[0025] In a further enbodi ment, not shown, the

ul trasoni c surgical blade body has a | ongitudinal axis
wW@rsoe7137 sts essentially of a first geonetri cPEDUBZNN4/036897

having a first mass and having a first axial |ength

extending fromthe gain step o the distal tip and a

second geonetric solid having a second mass and havi ng

a second axi al Iength extending fromthe gain step to
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constant transverse crosssectional ‘area along its
corresponding axial length, and a different one of the
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| ongi tudi nal axr's 26. In another design, not shown,
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axi Ndpi.s_ sub Lal I

ey lRe R bl Bl ongll i aBBEBLRRL i oy winuqized
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ul trasoni c-surgical -blade body is curved. This
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| ongplicathiental thiaxendolifnenn fi gure 2. [0027] In one
depl oynent of the first expressi on of the first

o1 APGA6Tn e o8 i LB B enbBions s finst embadimegh gf igures
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a discrete change in outer dianeter or gerl met er,

t apBbstanially rs@mm@mqﬂbabqubth@ longityilinel e @ hEngwther des1gn, not
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surtace and a sur ace s
length, and is substantially asymmetric about the longitudinal axis along at least

a portion of the active length. In one variation, the ultrasonic-surgical-blade
body is curved. This variation is easily visualized, in one example, by curving
the distal portion of the ultrasonic-surgical-blade body 12 upward from the

longitudinal axis 26 in figure 2.

[0027] In one deployment of the first expression of the first embodiment of
figures 1-2, the ultrasonic-surgical-blade body 12 has at least one gain feature
40 selected from the group consisting of: a discrete change in outer diameter or
perimeter, a taper, a longitudinal hole, a discrete change in diameter of a .

longitudinal hole, a transverse hole, a surface flat, and a surface slot. It is noted



that, in this deploynent, the gain step 20 is the
| ocation of the portion of the gain feature 40 which
WO 200800885t to the nost-distal vibration node RGI/U$1004/636897
al so noted that the term"hole" includes a through
hol e and a non-through hol e. Q}her gain features are
left to the artisan. [0028] gure 3illustrates a
second enbodinent of the ul trasonic surglcal bl ade 110
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VI bro@ftd thmt thm telrmd‘dielel h&llah:d atthveugh lsdlabnd a pobithroughdiole.
ég% i S.spaced ag rt on1the nost -di stal vibration
noddthes g featresgr eﬁ@ ‘?:l?*%‘tsaa‘hce 122 greater than 5%
of the distance 124 betvveen t he second- nost - di st al
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ul trasoni c-surgical -bl ade body 112 has a | ongitudi na
axuldactpzlaoaﬁ thesinventigint dial this¢thbhodimens, the aliragiostesurgichleblade
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wherei n the ultrasonic-surgical-bl ade body

c orldigind thesdigak il 14y aed whichiigpraced nagh fsam fthe §ft08t -distal
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220 to t sta ment
ul tlQ&shemaenslw @lcmai mblstaﬁﬁabmﬂgatlaﬂ. Zntiods il $8nd the distal tip

f .a right- . .
Goond: 1he altrgonsEmmmgtial Pl Bidsa g s g donsil gl eis g6 and a
22%%@&1}@11,3 ﬁseq@4 r@ﬁéreﬂl tRd ﬂnﬁl‘\gﬁcﬁﬁﬁ%bﬁrha@@ dHoRAR 248

anet er of first trically-solid cylinder
2881€flslnlgéb$addﬁmatmndﬁepdé2er of the second
geonetrically solid cylinder 230. It is noted that in

o SO0 R IR b R B LERSATE p g e Mg RRE Ty
V\:h ififard 4 diteesn tRsdtrasodiom gbal vl &Rty IE cdhsist essentially of a
geonetrlcaluy solid cylinder 288. The gain step 220 is

sisdkeliciutinstegsoprtiicalliysplid ﬁdglfierd?%gtfmm e gain;sép 220 to the
antdugaﬁqr?) 221118 @ﬁﬁs L4360 Ofﬁ‘fnéﬁ het PasOrlit-s a@% Soﬁ@ea{goed} 212

apart f e nost - ratl on

gaicnngste pssdmtsllla{ruf e r@hﬂcqwtéatsecortd@nmEmﬁllthd|cyhmiacr 230

Zz%rotr)rﬂh\g%%{]n sttgpeﬂ%)etg?ﬁedsecon -most-élstal vd)r%{lgrtl axol?mode 218. The
diameter of the first geometrically-solid cylinder 288 is less than the diameter of
the second geometrically-solid cylinder 230. It is noted that in this
embodiment, the gain feature 240 is a reduced diameter from the distal tip 214
to the gain step 220 which reduces mass and which creates the first
geometrically-solid cylinder 288. The gain step 220 is disposed between the
second-most-distal vibration antinode 218 and the distal tip 214 and is spaced
apart from the most-distal vibration node 216 by a gain-step distance 222
greater than 5% of the distance 224 between the second-most-distal vibration

antinode 218 and the distal tip 214.



antinode 218 and the distal tip 214.11 [0030] In one

construction of the first expression of the first
wepwsdiarent of figures 1-2, the PCT/US2004/036897

ul trasoni c-surgi cal - bl ade body 12 consists essentially

of titanium 1In other construﬁ.n ons, bl ade bodies

consi st essentially of alumn a ceram' c, sapphire,

or any other material that transmts ultrasound in an

efficient _manner. Mt hepatical anal ysis of various
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surgi cal instrument for cutting and/ or coagul ating

patdeeeribedipsiagiples[of @i&zpkugwdm th gal@sssﬁpow iefdispheed between
fir | 4,80 ul trasonic
su rtg'lIj c g’lgp?g% 1B}at g’[‘ %eq 1o gr}d %ll r?éSt% d pi ece 48, an

ul trasonic transm ssion rod 50, and an ul trasonic
sur[@03HI| Inload arriﬁ)ger@ne thewidps @de séigidanbladel €8 isused alone as

uI t{laso tra sdui: 52. The ultrasonic transm ssion
cﬂg‘fgectdor an ultrasonic surgical instrument. In another arrangement,
the ultrasonic surgical blade 10 is used with a clamp arm (not shown) to create a
shears end effector of an ultrasonic surgical instrument for cutting and/or

coagulating patient tissue.

[0032] A second expression of the first embodiment of figures 1-2 is for an
ultrasonic surgical instrument 46 including a handpiece 48, an ultrasonic
transmission rod 50, and an ultrasonic surgical blade 10. The handpiece 48
includes an ultrasonic transducer 52. The ultrasonic transmission rod 50 has a
proximal end and a distal end, wherein the proximal end is operatively
connected to the ultrasonic transducer 52. The ultrasonic surgical blade 10 is
activated by the distal end and includes an ultrasonic-surgical-blade body 12.

The ultrasonic-surgical-blade body 12 has a distal tip 14 which is a most-distal



proxi mal end and a distal end, wherein the proxinal
end is operatively connected to the ultrasonic

WO e@smereer 52. The ul trasoni c surgi cal bl ade BROT/US2004/036897
activated by the distal end and includes an
ul trasoni c-surgical - bl ade body,12. The
ul trasoni c-surgical -bl ade body 12 has a distal tip 14
which is a nost-distal 12 vibration antinode, has a
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ex 18884 o the distal tigl4enbodi ment  of figures 1-2,

there is also included an ultrasoni c generator 54,
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operatively connecting the ultrasonic generator

t hefiguresr lad.ahere is alamsglicled alsRltofsonisezeheamttpisdcactd@tediby a foot
one ructi he ultrasoni c .sur.qi | blade 10 i

o RE) e ARG 68k 58 Bestich S neP g8 it ipsomifeeBeratay 54 and
r 0dh&Qltrakdhi@figidAaserG2NF ieahidpibee ¥BE IMbAd &iRBLEton, the
surqlcal'blade IS a separate piece and is attached to

t helgsopigssrgieal bldnd Riissmeroliduc pertion of thetWdasonia t he
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previously ‘descri rasoni u
bl asdparateqieeguad isyatapipd to el Httasodit eratdrhiki8O I It is noted that

surgical jnstrunment. [0034] A third expression of_ the
f i r'8¢ CTBRYHBEHE NI eigipng Sxpumpless ystralions, ptcy presipusly
surgl ' LG L1 Licals bl.ade
Bocs ik PP Ll BEHE RpioR b1} BRSATNEL Sl Sh6iRs He

ul tultaasonicsurgigayinsethmbhtade body, a first vibration
antinode, a vibration node, a second vibration

ant e, and. a gai.n_s . Wherein the in step is

di J%‘é%ﬂd 4 Bt B hitn SLEB s E o ms At e st 2 it e

fi radtiasvhilsaigicN bROE ieQdieng ANl tMEeTiSlstrgidA@ biAE Bo8Y BRvihg, in
spaced apart fromthe vibration node a gain-step

di $hyhek wave langth Qfﬁb%ulst%oaf‘c—ﬁﬁ@i@ilglaai%edne& figsenibrdiion

Z ﬁ%ﬁﬁgo X ', b I(dt"btr:%ti;b'ﬂ r@tﬁé,idﬂt%ﬁg}da{iﬁg&t{aﬁi afrngﬁéée, héh %‘éf.nos@ep,‘ wherein
the gain step is disposed between the second vibration antinode and the first
vibration antinode, and wherein the gain step is spaced apart from the vibration
node by a gain-step distance greater than 5% of the distance between the second
vibration antinode and the first vibration antinode. It is noted that the third
expression does not limit the location of the half wave to the last half wave
length of the blade body as with the previously presented second expression,
and that apart from the second expression’s location of the half wave, the
embodiments, implementations, examples, illustrations, etc. previously
described for the second expression are equally applicable to the third

expression.



expression does not Iimt the location o f the half

wave to the |last half wave | ength of the bl ade body as
WORa0/04d187 pr evi ousl y presented second expr essi BC/US2004/036897

that apart fromthe second expression's |ocation of

the half wave, the embodi nentsg inplenmentations,

exanples, illustrations, etc. previously described for

the second expression are equally applicable to the
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has been presented for purposes of illustration. It is
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the invention has been presented for purposes of illustration. It is not intended
to be exhaustive or to limit the invention to the precise forms disclosed, and
obviously many modifications and variations are possible in light of the above
teaching. For example, as would be apparent to those skilled in the att, the
disclosures herein of the ultrasonic surgical blade and ultrasonic surgical
instrument have equal application in robotic assisted surgery taking into account
the obvious modifications of such systems, components and methods to be

compatible with such a robotic system.



obvi ously many nodifications and variations are

possible in |ight of the above teaching. For exanpl e,
wW@g0080u787 be apparent to those skilled in the BCT/PS100€036897

di scl osures herein of the ultrasonic surgical bl ade

and ul trasoni c surgical instr%gent have equa

application in robotic assisted surgery taking into

account the obvious nodifications of such systens,

COMRRPLH s to be conpatible with such a
ro AT IS iﬁ&l | SCLAIMED IS: 1. An
ul trasoni c surgical blade conprising an

ul trasoni c-surgi cal - bl ade body having a distal tip
whi b hAD gltgasepiorsuggical bladgicppprising annticasotis; surgivalgade body
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second- nost di stal _vi bration antinode and the distal
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ti 2..The ultrasoni c,surgi cal blade of claiml,

wh &7 PhtheEStERsPeLY e 16 Stedeansdisial yisption antinode and the
sulsdtanip. al |y 25% and substantially 45% of the

di stancé between the second-nost-distal vibration
antinode and the distal tip. 3. The ultrasonic

surgi-gal bl ade of claimil erein, hetween the . )
e o raCHBrarg ShreGrldle o R £ vdieeeta iy sotmssiap dissance i
ti petwides suBthmAHNyASTS aild ibsaRBhllf 4858 oPthed di®ance between the
ul trasqni c-surgj cal - bl ade body proximal the gain step

i s SpoRd-mesrdistalyibrkiprantinadsead thedistabtip.t ude of t he
ul trasoni c-surgi cal - bl ade body distal the gain step.
4. The ultrasonic surgical blade of claim1, wherein,

beBwdibna ulthasospcungle sidsaddi o tcilimVi, Bihatding heBidch MBS &c8Mlmost-
the. distal .tip,.the i mym vi bration anplitude of the
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maximum vibration amplitude of the ultrasonic-surgical-blade body distal the

gain step.

4. The ultrasonic surgical blade of claim 1, wherein, between the second-most-
distal vibration antinode and the distal tip, the maximum vibration amplitude of
the ultrasonic-surgical-blade body proximal the gain step is greater than the

maximum vibration amplitude of the ultrasonic-surgical-blade body distal the

gain step.

5. The ultrasonic surgical blade of claim 1, wherein the gain step is disposed

between the most-distal vibration node and the distal tip.



5. The ultrasonic surgical blade of claim1, wherein
the gain step is disposed between the nost-distal

wQ 2dsaté7en node and the distal tip.15 6. The uPCT/ESIING/E36897
surgical blade of claim1, wherein the gain step is
di sposed between the nost-distal vibration node and
the second-nost-distal vibratiton antinode. 7. The
ultrasoni ¢ surgical blade of claim1l, wherein the
ul trasoni c-surgi cal bl ade body has a | ongitudinal axis
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The ultrasonic surgical blade of claim9, wherein the

void includes a first |ongitudinal hole which is
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permanent|ly attached to the first geonetric solid at

the distal tip.16
10. The ultrasonic surgical blade of claim 9, wherein the void includes a first

longitudinal hole which is disposed in the first geometric solid and which

extends proximally from the distal tip.

11. The ultrasonic surgical blade of claim 10, wherein the void includes a
second longitudinal hole which is disposed in the second geometric solid and
which is in fluid communication with the first longitudinal hole, and wherein

the first and second longitudinal holes are adapted for irrigation and/or suction.

12. The ultrasonic surgical blade of claim 10, also including a membrane,
which covers the first longitudinal hole, and which is removably or permanently

attached to the first geometric solid at the distal tip.



13. The ultrasonic surgical blade of claim1, wherein
the ul trasoni c-surgi cal bl ade body has a | ongi tudi na
W@2008/086787 consi sts essentially of a first geoneCT/U82004/036897
solid and a second geonetric solid, wherein the first
geonetric solid has a first mass, extends fromthe
gain step to the distal tip, éﬁd has a non-const ant
first transverse cross-sectional area, wherein the
second geonetric solid has a second nass, extends from
the gain step to the second-nost-distal vibration
antino . S .
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ultrasonic surgical blade of claimi15, wherein the
voi sedond made s chffénenstﬂlan tredirstdassal hol e which is
di sposed in the first geonetric solid and which
extends proximally fromthe distal tip. 17. The
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ar etragkapise drdsesedtionapata.on and/ or suctlon 18. The
ul trasoni ¢ surgical blade of claim 16, also including
a menbrane, which covers the first |ongitudinal hole,
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first geonetric s tip.17 19.

ul t ambsebod sransyyecalcrdsk-aediont] ataismrbyndsheroid.n t he

ul trasoni c surgical blade body has a | ongitudinal axis
and consists essentially of a first geonetric solid
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ext end mg@ romthe gain step to the di st al tip and

seclmgitgdionatdiale Whle‘;blls disheseid g the felcgsametriessolid aad which

extends proximally from the distal tip.

17. The ultrasonic surgical blade of claim 16, wherein the void includes a
second longitudinal hole which is disposed in the second geometric solid and
which is in fluid communication with the first longitudinal hole, and wherein

the first and second longitudinal holes are adapted for irrigation and/or suction.

18. The ultrasonic surgical blade of claim 16, also including a membrane,
which covers the first longitudinal hole, and which is removably or permanently

attached to the first geometric solid at the distal tip.



havi ng a second axial |length extending fromthe gain

step to the second-nostdistal vibration anti node,
wob@seid13T he second mass is different than theP€T/1S1004/036897

mass, wherein one of the first and second geonetric

solids has a substantially congtant transverse

cross-sectional area along its correspondi ng axi al
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body has a | ongitudi nal axis and a | ongi
hol ®¥ngind wherein the |ongitudinal hole has a shoulder
defining the additional gain step.

22. 'The ultrasonic surgical blade of claim 21, wherein the ultrasonic-surgical-

blade body is curved.

23. The ultrasonic surgical blade of claim 1, wherein the ultrasonic-surgical-
blade body has at least one gain feature selected from the group consisting of: a
discrete change in outer diameter or perimeter, a taper, a Iongitudinal hole, a

discrete change in diameter of a longitudinal hole, a transverse hole, a surface

flat, and a surface slot.

24. The ultrasonic surgical blade of claim 1, wherein the ultrasonic-surgical-
blade body has an additional gain step which is spaced-apart from the gain step,

which is disposed between the second-most-distal vibration antinode and the



25. An ultrasonic surgical instrument conprising: a) a
handpi ece including an ultrasonic transducer; b) an

W@ bGosmsosl ¢ transm ssion rod having a proxi mal PENTUSZNG036897
a distal end, wherein the proximal end is operatively
connected to the ultrasonic trgnsducer; and c) an
ul trasoni c surgical blade acti'vated by the distal end
and i ncluding an ultrasonic-surgical -bl ade body havi ng
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second- nost di stal vibration anfi node and t he di st al

tip. 26. An ultrasonic surgical blade conprising an
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step I's space rom I 'on no
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an ultrasonic-surgical-blade body having a distal tip which is a most-distal
vibration antinode, having a most-distal vibration node, having a second-most-
distal vibration antinode, and having a gain step, wherein the gain step is
disposed between the second-most-distal vibration antinode and the distal tip,
and wherein the gain step is spaced apart from the most-distal vibration node by
a gain-step distance greater than 5% of the distance between the second-most-

distal vibration antinode and the distal tip.

26. An ultrasonic surgical blade comprising an ultrasonic-surgical-blade body
having, in any half wave length of the ultrasonic-surgical-blade body, a first
vibration antinode, a vibration node, a second vibration antinode, and a gain
step, wherein the gain step is disposed between the second vibration antinode
and the first vibration antinode, and wherein the gain step is spaced apart from
the vibration node by a gain-step distance greater than 5% of the distance

between the second vibration antinode and the first vibration antinode.



