
(19) United States 
(12) Patent Application Publication (10) Pub. N0.2 US 2001/0025184 A1 

Messerly 

US 20010025184A1 

(43) Pub. Date: Sep. 27, 2001 

(54) 

(76) 

(21) 

(22) 

(62) 

(51) 
(52) 

BLADES WITH FUNCTIONAL BALANCE 
ASYMMETRIES FOR USE WITH 
ULTRASONIC SURGICAL INSTRUMENTS 

Inventor: Je?'rey D. Messerly, Cincinnati, OH 
(Us) 

Correspondence Address: 
AUDLEY A. CIAMPORCERO JR. 
JOHNSON & JOHNSON 
ONE JOHNSON & JOHNSON PLAZA 
NEW BRUNSWICK, NJ 08933-7003 (US) 

Appl. No.: 09/826,070 

Filed: Apr. 4, 2001 

Related US. Application Data 

Division of application No. 09/412,257, ?led on Oct. 
5, 1999. 

Publication Classi?cation 

rm. c1? ................................................... .. A61B 17/32 

US. Cl. ............................................................ .. 606/169 

‘e: E1” III A V :1 
E I: C] 

(57) ABSTRACT 

Disclosed is an ultrasonic surgical instrument that combines 

end-effector geometry to best affect the multiple functions of 
a shears-type con?guration. The shape of the blade is 
characterized by a radiused cut offset by some distance to 

form a curved geometry. The cut creates a curved surface 

With multiple asymmetries causing multiple imbalances 
Within the blade. Imbalance due to the curve of the instru 

ment is corrected by a non-functional asymmetry proximal 
to the functional asymmetry. Imbalance due to the asym 

metric cross-section of the blade is corrected by the appro 
priate selection of the volume and location of material 
removed from a functional asymmetry. The shape of the 

blade in one embodiment of the present invention is char 

acterized by tWo radiused cuts offset by some distance to 

form a curved and potentially tapered geometry. These tWo 
cuts create curved surfaces including a concave surface and 

a convex surface. The length of the radiused cuts affects, in 
part, the acoustic balancing of the transverse motion induced 
by the curved shape. 
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BLADES WITH FUNCTIONAL BALANCE 
ASYMMETRIES FOR USE WITH ULTRASONIC 

SURGICAL INSTRUMENTS 

FIELD OF THE INVENTION 

[0001] The present invention relates, in general, to ultra 
sonic surgical instruments and, more particularly, to multi 
functional curved blades With functional asymmetries for 
use With ultrasonic surgical instruments to minimiZe unde 
sirable motion. 

BACKGROUND OF THE INVENTION 

[0002] This application is related to the folloWing copend 
ing patent applications: application Ser. No. 08/948,625 ?led 
Oct. 10, 1997; application Ser. No. 08/949,133 ?led Oct. 10, 
1997; application Ser. No. 09/106,686 ?led Jun. 29, 1998; 
application Ser. No. 09/337,077 ?led Jun. 21, 1999; appli 
cation Ser. No. [Attorney Docket No. END-610]; 
application Ser. No. [Attorney Docket No. END 
616]; and application Ser. No. [Attorney Docket No. 
END-618] Which are hereby incorporated herein by refer 
ence. 

[0003] Ultrasonic instruments, including both holloW core 
and solid core instruments, are used for the safe and effective 
treatment of many medical conditions. Ultrasonic instru 
ments, and particularly solid core ultrasonic instruments, are 
advantageous because they may be used to cut and/or 
coagulate organic tissue using energy in the form of 
mechanical vibrations transmitted to a surgical end-effector 
at ultrasonic frequencies. Ultrasonic vibrations, When trans 
mitted to organic tissue at suitable energy levels and using 
a suitable end-effector, may be used to cut, dissect, or 
cauteriZe tissue. Ultrasonic instruments utiliZing solid core 
technology are particularly advantageous because of the 
amount of ultrasonic energy that may be transmitted from 
the ultrasonic transducer through the Waveguide to the 
surgical end-effector. Such instruments are particularly 
suited for use in minimally invasive procedures, such as 
endoscopic or laparoscopic procedures, Wherein the end 
effector is passed through a trocar to reach the surgical site. 

[0004] Ultrasonic vibration is induced in the surgical 
end-effector by, for eXample, electrically exciting a trans 
ducer Which may be constructed of one or more pieZoelec 
tric or magnetostrictive elements in the instrument hand 
piece. Vibrations generated by the transducer section are 
transmitted to the surgical end-effector via an ultrasonic 
Waveguide extending from the transducer section to the 
surgical end-effector. The Waveguides and end-effectors are 
designed to resonate at the same frequency as the transducer. 
Therefore, When an end-effector is attached to a transducer 
the overall system frequency is still the same frequency as 
the transducer itself. 

[0005] The amplitude of the longitudinal ultrasonic vibra 
tion at the tip, d, behaves as a simple sinusoid at the resonant 
frequency as given by: 

d=A sin (mt) 

[0006] Where: 
(equation 1) 

[0007] uu=the radian frequency Which equals 275 
times the cyclic frequency, f; and 

[0008] A=the Zero-to-peak amplitude. 
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[0009] The longitudinal eXcursion is de?ned as the peak 
to-peak (p-t-p) amplitude, Which is just tWice the amplitude 
of the sine Wave or 2A. 

[0010] Solid core ultrasonic surgical instruments may be 
divided into tWo types, single element end-effector devices 
and multiple-element end-effector. Single element end-ef 
fector devices include instruments such as scalpels, and ball 
coagulators, see, for example, US. Pat. No. 5,263,957. 
While such instruments as disclosed in US. Pat. No. 5,263, 
957 have been found eminently satisfactory, there are limi 
tations With respect to their use, as Well as the use of other 
ultrasonic surgical instruments. For eXample, single-element 
end-effector instruments have limited ability to apply blade 
to-tissue pressure When the tissue is soft and loosely sup 
ported. Substantial pressure is necessary to effectively 
couple ultrasonic energy to the tissue. This inability to grasp 
the tissue results in a further inability to fully coapt tissue 
surfaces While applying ultrasonic energy, leading to less 
than-desired hemostasis and tissue joining. 

[0011] The use of multiple-element end-effectors such as 
clamping coagulators include a mechanism to press tissue 
against an ultrasonic blade, that can overcome these de? 
ciencies. A clamp mechanism disclosed as useful in an 
ultrasonic surgical device has been described in US. Pat. 
Nos. 3,636,943 and 3,862,630 to Balamuth. Generally, hoW 
ever, the Balamuth device, as disclosed in those patents, 
does not coagulate and cut sufficiently fast, and lacks 
versatility in that it cannot be used to cut/coagulate Without 
the clamp because access to the blade is blocked by the 
clamp. 

[0012] Ultrasonic clamp coagulators such as, for eXample, 
those disclosed in US. Pat. Nos. 5,322,055 and 5,893,835 
provide an improved ultrasonic surgical instrument for cut 
ting/coagulating tissue, particularly loose and unsupported 
tissue, Wherein the ultrasonic blade is employed in conjunc 
tion With a clamp for applying a compressive or biasing 
force to the tissue, Whereby faster coagulation and cutting of 
the tissue, With less attenuation of blade motion, are 
achieved. 

[0013] Improvements in technology of curved ultrasonic 
instruments such as described in US. patent application Ser. 
No. 09/ 106,686 previously incorporated herein by reference, 
have created needs for improvements in other aspects of 
curved clamp coagulators. For example, US. Pat. No. 
5,873,873 describes an ultrasonic clamp coagulating instru 
ment having an end-effector including a clamp arm com 
prising a tissue pad. In the con?guration shoWn in US. Pat. 
No. 5,873,873 the clamp arm and tissue pad are straight. 

[0014] The shape of an ultrasonic surgical blade or end 
effector used in a clamp coagulator device de?nes at least 
four important aspects of the instrument. These are: (1) the 
visibility of the end-effector and its relative position in the 
surgical ?eld, (2) the ability of the end-effector to access or 
approach targeted tissue, (3) the manner in Which ultrasonic 
energy is coupled to tissue for cutting and coagulation, and 
(4) the manner in Which tissue can be manipulated With the 
ultrasonically inactive end-effector. It Would be advanta 
geous to provide an improved ultrasonic clamp coagulator 
optimiZing these four aspects of the instrument. 

[0015] HoWever, as features are added to ultrasonic sur 
gical instrument blades, the altered shape and asymmetries 
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cause the blade to become unbalanced, meaning that the 
blade has the tendency to vibrate in directions other than the 
longitudinal direction along the length of the instrument. 
US. patent application Ser. No. 09/106,686 previously 
incorporated herein by reference, addressed balancing 
blades proximal to functional asymmetries using balance 
asymmetries. While US. patent application Ser. No. 09/106, 
686 has proven eminently successful at balancing blades and 
Waveguides proximal to the balance asymmetry, there are 
some applications Where some balancing may be desirable 
Within the functional portion of an asymmetric blade. 

[0016] It Would be desirable to provide a balanced ultra 
sonic surgical instrument blade Within the functional area of 
the blade to optimiZe instrument performance. The blade 
described herein has been developed to address this desire. 

SUMMARY OF THE INVENTION 

[0017] Disclosed is an ultrasonic surgical instrument that 
combines end-effector geometry to best affect the multiple 
functions of a shears-type con?guration. The shape of the 
blade is characteriZed by a radiused cut offset by some 
distance to form a curved geometry. The cut creates a curved 
surface With multiple asymmetries causing multiple imbal 
ances Within the blade. Imbalance due to the curve of the 
instrument is corrected by a non-functional asymmetry 
proximal to the functional asymmetry. Imbalance due to the 
asymmetric cross-section of the blade is corrected by the 
appropriate selection of the volume and location of material 
removed from a functional asymmetry. The shape of the 
blade in one embodiment of the present invention is char 
acteriZed by tWo radiused cuts offset by some distance to 
form a curved and potentially tapered geometry. These tWo 
cuts create curved surfaces including a concave surface and 
a convex surface. The length of the radiused cuts affects, in 
part, the acoustic balancing of the transverse motion induced 
by the curved shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The novel features of the invention are set forth 
With particularity in the appended claims. The invention 
itself, hoWever, both as to organiZation and methods of 
operation, together With further objects and advantages 
thereof, may best be understood by reference to the folloW 
ing description, taken in conjunction With the accompanying 
draWings in Which: 

[0019] FIG. 1 illustrates an ultrasonic surgical system 
including an elevational vieW of an ultrasonic generator, a 
sectioned plan vieW of an ultrasonic transducer, and a 
partially sectioned plan vieW of a clamp coagulator in 
accordance With the present invention; 

[0020] FIG. 2A is an exploded perspective vieW of a 
portion of a clamp coagulator in accordance With the present 
invention; 
[0021] FIG. 2B is an exploded perspective vieW of a 
portion of a clamp coagulator in accordance With the present 
invention; 
[0022] FIG. 3 is a partially sectioned plan vieW of a clamp 
coagulator in accordance With the present invention With the 
clamp arm assembly shoWn in an open position; 

[0023] FIG. 4 is a partially sectioned plan vieW of a clamp 
coagulator in accordance With the present invention With the 
clamp arm assembly shoWn in a closed position; 
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[0024] FIG. 5 is a side vieW of a collar cap of the clamp 
coagulator; 
[0025] FIG. 6 is a front vieW of a collar cap of the clamp 
coagulator; 
[0026] FIG. 7 is a side vieW of a force limiting spring of 
the clamp coagulator; 

[0027] FIG. 8 is a front vieW of a force limiting spring of 
the clamp coagulator; 

[0028] FIG. 9 is a side vieW of a Washer of the clamp 
coagulator; 
[0029] FIG. 10 is a front vieW of a Washer of the clamp 
coagulator; 
[0030] FIG. 11 is a side vieW of a tubular collar of the 
clamp coagulator; 
[0031] FIG. 12 is a rear vieW of a tubular collar of the 
clamp coagulator; 
[0032] FIG. 13 is a front vieW of a tubular collar of the 
clamp coagulator; 
[0033] FIG. 14 is a side vieW of an inner knob of the 
clamp coagulator; 
[0034] FIG. 15 is a front vieW of an inner knob of the 
clamp coagulator; 
[0035] FIG. 16 is a bottom vieW of an inner knob of the 
clamp coagulator; 

[0036] FIG. 17 is a rear vieW of an outer knob of the 
clamp coagulator; 
[0037] FIG. 18 is a top vieW of an outer knob of the clamp 
coagulator; 
[0038] FIG. 19 is a top vieW of a yoke of the clamp 
coagulator; 
[0039] FIG. 20 is a side vieW of a yoke of the clamp 
coagulator; 
[0040] FIG. 21 is a front vieW of a yoke of the clamp 
coagulator; 
[0041] FIG. 22 is a perspective vieW of a yoke of the 
clamp coagulator; 
[0042] FIG. 23 is a perspective vieW of an end-effector of 
the clamp coagulator; 

[0043] FIG. 24 is a top perspective vieW of a clamp arm 
of the camp coagulator; 

[0044] FIG. 25 is a top vieW of an end-effector of the 
clamp coagulator; 
[0045] FIG. 26 is a side vieW of an end-effector of the 
clamp coagulator With the clamp arm open; 

[0046] FIG. 27 is a top vieW of a tissue pad of the clamp 
coagulator; 
[0047] FIG. 28 is a side vieW of a tissue pad of the clamp 
coagulator; 

[0048] FIG. 29 is a front vieW of a tissue pad of the clamp 
coagulator; 

[0049] FIG. 30 is a perspective vieW of a tissue pad of the 
clamp coagulator; 




















