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first opening at a distal end and a second opening at a proxi 
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Scope via a distal end of the Surgical cutting assembly. A 
torque generation component configured to generate torque is 
positioned within the distal end and configured to provide the 
generated torque to a coupling component. The coupling 
component is positioned at the distal end of the elongated 
tubular member and configured to actuate a cutting compo 
nent of the Surgical cutting assembly responsive to actuation 
of the torque generation component. 

25 Claims, 109 Drawing Sheets 

  



US 9,028,424 B2 

(51) 

(52) 

(56) 

Page 2 

Int. C. 7.625,347 B2 12/2009 Burbank et al. 
7,691,110 B2 4/2010 Secrest et al. 

A6 IB I/08 (2006.01) 8,070,762 B2 12/2011 Escudero et al. 
A6 IB I/05 (2006.01) 8,123,750 B2 2/2012 Norton et al. 
A6 IB I/3 (2006.01) 8,277474 B2 * 10/2012 Norman et al. ............... 606/171 
A6B 7/00 (2006.01) 8,435,259 B2 5, 2013 Dierck 
A6 IBIO/02 (2006.01) 8,475,484 B2 7/2013 Wulfman et al. 

8,528,563 B2 * 9/2013 Gruber .......................... 128,832 
A6 IBIO/04 (2006.01) 8,696,621 B2 4/2014 Gunday et al. 
A6B 7/32 (2006.01) 2003/0055315 A1 3, 2003 Gatto et al. 
A6B 9/00 (2006.01) 2005/0090848 A1 4, 2005 Adams 
U.S. C. 2005/O159767 A1 7/2005 Adams et al. 

CPC ............ A61B I/31 (2013.01); A61B 1700234 58,836. A 38. Set al 
(2013.01); A61B 2017/0034 (2013.01); A61B 2008/0234.602 A1 9, 2008 Oostman et al. 
I/00094 (2013.01); A61B I/001 19 (2013.01); 2009/0069806 A1 3/2009 De La Mora Levy et al. 

A61B 10/0275 (2013.01); A61B 10/04 2009, 0240261 A1 9, 2009 Drews et al. 
(2013.01); A61B 17/32002 (2013.01); A61B 2010/0010525 A1 1/2010 Lockard et al. 

19/5212 (2013.01). A61B 2010,0225 (2013.01); E A 22: E • u. fs • us 2010/01685 12 A1 7, 2010 Rahmani 

A61B 2010/045 (2013.01); A61B 2017/00553 2010/0217245 A1 8, 2010 Prescott ............................ 606.1 
(2013.01); A61B 2017/00818 (2013.01); A61B 2012/0109130 A1 5, 2012 Casey et al. 

2017/00862 (2013.01); A61B 2017/320032 2012/0226101 A1 9, 2012 Tinkham et al. 
(2013.01); A61B 2017/320064 (2013.01); A61B 292920. A 922 unday et al. 

7005 (2013.01). A61B2217.007 (201301), E. R. 3 SE''. 221 7 • u. fs • us 2013/004631.6 A1 2/2013 Sullivan et al. 
A61B 10/0283 (2013.01) 2013, O190561 A1 7, 2013 Oskin et al. 

2014/01.00567 A1* 4/2014 Edwards et al. ................ 606.42 
References Cited 2014/O155923 A1 6/2014 Edwards et al. 

U.S. PATENT DOCUMENTS FOREIGN PATENT DOCUMENTS 

3,911,923. A 10/1975 Yoon EP O 609 084 A2 8, 1994 
4,222,380 A 9/1980 Terayama EP 1875 871 A2 9, 2008 
4,226,239 A 10/1980 Polk et al. WO WO-01/22889 4/2001 
4,257,419 A 3, 1981 Goltner et al. WO WO-2006/122279 11, 2006 
4,548,201. A 10/1985 Yoon WO WO-2012/075409 A1 6, 2012 
4,646,738 A 3, 1987 Trott 
5,269,789 A 12/1993 Chinet al. OTHER PUBLICATIONS 
5,320,630 A 6, 1994 Ahmed 
5,417,697 A 5, 1995 Wilk et al. International Search Report and Written Opinion dated May 28, 2013 
5,423,834 A 6, 1995 Ahmed in PCT App. No. PCT/US2012/067614. 
5,462.559 A 10, 1995 Ahmed International Search Report and Written Opinion for International 
5,507,797 A 4, 1996 Suzuki et al. Patent Application No. PCT/US2014/038443 dated Sep. 1, 2014. 
5,662,671. A 9, 1997 Barbut et al. US Notice of Allowance in U.S. Appl. No. 14/280.202 dated Oct. 7, 
5.961534. A 10/1999 Banik et al. 2014. 
6,059,719 A * 5/2000 Yamamoto et al. ........... CE. US Office Action in U.S. Appl. No. 14280.202 dated Aug. 20, 2014. 
6,245,011 B1* 6/2001 Dudda et al. .................. 600,104 
6,572.578 B1 6, 2003 Blanchard US Office Action for U.S. Appl. No. 14/501,957 dated Nov. 14, 2014. 
6,645,218 B1 1 1/2003 Cassidy et al. US Office Action in U.S. Appl. No. 14/501,865 Dtd Dec. 4, 2014. 
6,689,146 B1* 2/2004 Himes ........................... 606, 167 US Office Action in U.S. Appl. No. 14/501,942 Dtd Dec. 15, 2014. 
7,247,161 B2 7/2007 Johnston et al. 
7.276,074 B2 10/2007 Adams et al. * cited by examiner 



U.S. Patent May 12, 2015 Sheet 1 of 109 US 9,028,424 B2 

s 

  

  

  



U.S. Patent May 12, 2015 Sheet 2 of 109 US 9,028,424 B2 

100 - 

Strument 
Care 

Water 
Channel 

tosa - C s 

Camera \ . . . 
12.x.s 

Water N 
Channel 
18A - 

N cle 
Noss 

FIG. 1B 

  

  

  



US 9,028,424 B2 Sheet 3 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 4 of 109 May 12, 2015 U.S. Patent 

  



U.S. Patent May 12, 2015 Sheet 5 Of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 6 of 109 May 12, 2015 U.S. Patent 

  



U.S. Patent May 12, 2015 Sheet 7 Of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 8 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 9 Of 109 May 12, 2015 U.S. Patent 

  

  



U.S. Patent May 12, 2015 Sheet 10 Of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 11 Of 109 May 12, 2015 U.S. Patent 

  



U.S. Patent May 12, 2015 Sheet 12 Of 109 US 9,028,424 B2 

  



U.S. Patent May 12, 2015 Sheet 13 Of 109 US 9,028,424 B2 

  



U.S. Patent May 12, 2015 Sheet 14 of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 15 Of 109 May 12, 2015 U.S. Patent 

FIG. 12 

  



US 9,028,424 B2 Sheet 16 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 17 Of 109 May 12, 2015 U.S. Patent 

i.……..……………… ~~~~~ ~~~~--~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ 

ogy, 

  





89 || '0/-/ 

US 9,028,424 B2 Sheet 19 Of 109 May 12, 2015 U.S. Patent 

s 

    

  



US 9,028,424 B2 Sheet 20 Of 109 May 12, 2015 U.S. Patent 

  

  



8/ l '0/-/ 

US 9,028,424 B2 Sheet 21 Of 109 May 12, 2015 U.S. Patent 

    

  



US 9,028,424 B2 Sheet 22 Of 109 , 2015 May 12 U.S. Patent 

  



US 9,028,424 B2 Sheet 23 Of 109 May 12, 2015 U.S. Patent 

V61 (9/-/ 

  

  



US 9,028,424 B2 Sheet 24 of 109 May 12, 2015 U.S. Patent 

86 | -50/-/   



US 9,028,424 B2 Sheet 25 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 26 of 109 May 12, 2015 U.S. Patent 

  



Sheet 27 of 109 May 12, 2015 

46 | -9/-/ 

cae,&&&&&& 

  

  

  





U.S. Patent May 12, 2015 Sheet 29 Of 109 US 9,028,424 B2 

    

  



US 9,028,424 B2 Sheet 30 Of 109 May 12, 2015 U.S. Patent 

  

  



U.S. Patent May 12, 2015 Sheet 31 Of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 32 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 May 12, 2015 Sheet 33 Of 109 U.S. Patent 

  





U.S. Patent May 12, 2015 Sheet 35 of 109 US 9,028,424 B2 

-O.D. Q3.33+/-0.05 
.), R2.35 min 

8 

RIIT IIIT DITITI, Will ICI l I xiiii iiii i 

Ill) ; f 

t 

I iii.iiiiiiiiii Hill. 8 

3000+/-5-Mix 

FIG. 22E 

tr O.D. R3.43+f-0.05 

-i.D. &2.25 min 
*: i. fffff:ffff SC C l g; 

i; 8 

: Hill ... Illililllllllllll Hill, III WW : x 
& ... y i. iiiiii. 

; : 
Yowa-M.-------- 3000+f-5 

FIG. 22F 

  

    

    

  



U.S. Patent May 12, 2015 Sheet 36 of 109 US 9,028,424 B2 

-O.D. &0.65+/-004 

I iii. film iii. II. I Il 
M 3500+f-5 

F/G, 2.2G 

...O.D. Q.00+f-0.08 

y g }}} g 
f I 8 fif f f f; i 

i i k 
i t t 3 & R s - 

i i W. iii; iii. - i iii: 

3500+1-5 ~o-o-o: 

FIG. 22H 

  



US 9,028,424 B2 Sheet 37 Of 109 May 12, 2015 

?s?·~~~~ 90' ZZ 

U.S. Patent 

  



US 9,028,424 B2 Sheet 38 of 109 May 12, 2015 U.S. Patent 

•••••••••••~~~******************************££•?.Z*********************************** 
  

  

  



US 9,028,424 B2 Sheet 39 Of 109 May 12, 2015 U.S. Patent 

„~~ 260 x.gz 

  

  



US 9,028,424 B2 Sheet 40 of 109 May 12, 2015 U.S. Patent 

  

  



US 9,028,424 B2 Sheet 41 of 109 May 12, 2015 U.S. Patent 

• * * | + + · : 

  





zvox.gw ~, 

US 9,028,424 B2 Sheet 43 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 44 of 109 U.S. Patent 

, OG || &X£ ~) 

----< v.v NOILOBS ---- 
C1862 '9||-|| 

********* 

  

  

  

  



US 9,028,424 B2 Sheet 45 of 109 May 12, 2015 U.S. Patent 

  

  

  



US 9,028,424 B2 Sheet 46 of 109 May 12, 2015 

  



US 9,028,424 B2 

336€ ’914 

Sheet 47 of 109 May 12, 2015 U.S. Patent 

| 

  

  

  

  

  



U.S. Patent May 12, 2015 Sheet 48 of 109 US 9,028,424 B2 

S 
cy 

9 
li 

  



US 9,028,424 B2 Sheet 49 Of 109 May 12, 2015 U.S. Patent 

  



U.S. Patent May 12, 2015 Sheet 50 Of 109 US 9,028,424 B2 

s 
ve 
er 

9 

  



US 9,028,424 B2 Sheet 51. Of 109 May 12, 2015 U.S. Patent 

  



U.S. Patent May 12, 2015 Sheet 52 of 109 US 9,028,424 B2 

Flexite Portion 
- 32O2 

J406a. -1 Y r -- 406 Y^ - S. 

\ /N -/r f \ ( 
\ N- \ >y- Y-34C3 

34t ^ - 

-1 



US 9,028,424 B2 Sheet 53 Of 109 

w 

f 

S 
m 

5s5ssNo.te-L, 
May 12, 2015 U.S. Patent 

  

  



US 9,028,424 B2 Sheet 54 Of 109 May 12, 2015 U.S. Patent 

  



OVg8 914 | 

US 9,028,424 B2 Sheet 55 Of 109 May 12, 2015 U.S. Patent 

  

  



U.S. Patent May 12, 2015 Sheet 56 of 109 US 9,028,424 B2 

FIG. 36 

  



US 9,028,424 B2 Sheet 57 Of 109 May 12, 2015 U.S. Patent 

??????? 
Ø 

> 

$ $ 
  

  



US 9,028,424 B2 Sheet 58 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 59 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 60 of 109 May 12, 2015 U.S. Patent 

~0.00% 

  



U.S. Patent May 12, 2015 Sheet 61 of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 62 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 63 of 109 May 12, 2015 U.S. Patent 

************ 

`N 

  

  



US 9,028,424 B2 Sheet 64 of 109 May 12, 2015 U.S. Patent 

  



U.S. Patent May 12, 2015 Sheet 65 Of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 66 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 67 of 109 May 12, 2015 U.S. Patent 

****---- 

  

  

  



U.S. Patent May 12, 2015 Sheet 68 of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 69 Of 109 May 12, 2015 U.S. Patent 

  



80G (9/-/\/OG ’9/-/ 
|---- » 

US 9,028,424 B2 Sheet 70 of 109 May 12, 2015 U.S. Patent 

  



U.S. Patent May 12, 2015 Sheet 71 Of 109 US 9,028,424 B2 

i 

  



U.S. Patent May 12, 2015 Sheet 72 Of 109 US 9,028,424 B2 

FIG. 52A 

  



US 9,028,424 B2 Sheet 73 of 109 May 12, 2015 U.S. Patent 

*.!*. ************** 

  

  



US 9,028,424 B2 Sheet 74 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 75 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 76 of 109 May 12, 2015 U.S. Patent 

?äz: 
  

  

  



U.S. Patent May 12, 2015 Sheet 77 of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 78 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 79 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 80 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 81. Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 82 of 109 May 12, 2015 U.S. Patent 

VGG '0/-/ 

  



US 9,028,424 B2 Sheet 83 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 84 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 85 of 109 May 12, 2015 U.S. Patent 

oggg ~~~~^ 

‘9/-/ 

  



US 9,028,424 B2 Sheet 86 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 87 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 88 of 109 May 12, 2015 U.S. Patent 

orzs, 
^ 

  



799 (59/-/ 

US 9,028,424 B2 Sheet 89 of 109 May 12, 2015 U.S. Patent 

Nº. 
N 

º. 

0999 
* Oogg 

  



U.S. Patent May 12, 2015 Sheet 90 Of 109 US 9,028,424 B2 

  



US 9,028,424 B2 Sheet 91. Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 92 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 93 Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 94. Of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 95 of 109 May 12, 2015 U.S. Patent 

19 %)/-/ 
  



US 9,028,424 B2 Sheet 96 of 109 May 12, 2015 U.S. Patent 

—1–— 
avowawawaw 

  

  

  

  
  

  

  



US 9,028,424 B2 Sheet 97 of 109 May 12, 2015 U.S. Patent 

  



US 9,028,424 B2 Sheet 98 of 109 May 12, 2015 U.S. Patent 

89,9 %)/-/   


























































































































