WO 2006/044920 A2 |0 |00 000 0 000 O 0 0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
27 April 2006 (27.04.2006)

(10) International Publication Number

WO 2006/044920 A2

(51) International Patent Classification:
AGIF 2/46 (2006.01) AGIB 17/88 (2006.01)
AG6IB 17/28 (2006.01) AG6IB 17/16 (2006.01)

(21) International Application Number:
PCT/US2005/037493

(22) International Filing Date: 19 October 2005 (19.10.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/620,172 19 October 2004 (19.10.2004)  US

(71) Applicant (for all designated States except US): OS-
TEOTECH, INC. [US/US]; 51 James Way, Eatontown,
NI 07724 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MARTZ, Erik, O.
[US/US]; 5681 Oak View Court, Savage, MN 55378 (US).
LIN, Jo-Wen [US/US]; Sterling Apartment Homes, 1815
JFK Boulevard, Number 531, Philadelphia, PA 19103
(US). CHOW, David [US/US]; 254 Cedar Ridge Road,
Westchester, PA (US). ROSENTHAL, Daniel [US/US]J;
46 Wordsworth Rd., Short Hills, N.J. 07078 (US).

(74) Agents: SQUIRE, William et al.; Carella, Byrne, Bain,
Gilfillan, Cecchi, Stewart & Olstein, 5 Becker Farm Road,

Roseland, NJ 07068 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
—  of inventorship (Rule 4.17(iv))

Published:

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: ADJUSTABLE INSTRUMENTATION FOR SPINAL IMPLANT INSERTION

(57) Abstract: A plurality of differently configured bone spinal implants for insertion in a spine have a cylindrical bore for receiving
an insertion head stud. A plurality of instruments are disclosed each of which have a first connection element which is either a male
or female member such as e.g., a ball and socket, a cylinder and socket and so on for forming either a stationary or articulating
interchangeable joint for a plurality of disc processing heads or implant insertion heads. The plurality of disc space processing
heads or implant insertion heads have a complementary second joint member for interchangeable attachment to the first connection
element. The implant insertion heads or disc processing heads have different configurations for different shaped implants. Different
instrument insertion or disc processing heads such as implant inserters, impactors, rasps, distractors, curettes, rongeur, and so on are
disclosed as being interchangeable with a common instrument in which articulating or fixed joints are provided the interchangeable
heads.



WO 2006/044920 PCT/US2005/037493

ADJUSTABLE INSTRUMENTATION FOR SPINAL IMPLANT INSERTION

Field of the Invention

[@001] This invention relates to spinal intervertebral fusion implant insertion
instruments for insertion of the implant into the intervertebral disc space.

Description of Related Art

[0002]
CROSS REFERENCE TO RELATED APPLICATIONS AND PATENTS
[@003] Of interest are commonly owned copending provisional applications
Serial No. 60/340,734 filed October 30, 2001 and Serial No. 60/372,972 filed
April 16, 2002, both in the name of John Winterbottom et al., both applications
corresponding to US utility application Serial No. 10/282552 filed October 29,
2002 entitled Bone Implant and Insertion Tools and PCT application Serial No.
20 PCT/US02/34466 filed October 28, 2002, Serial No. 10/086041 entitled Spinal
Intervertebral Implant Insertion Tool filed October 25, 2001 in the name of Erik

Martz et al. and Serial No. 10/046866 (now US Pub. No. US 2002/0058950 A1)

1
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entitled Implant Insertion Tool filed January 15, 2002 in the name of John M.
Winterbottom et al., Serial No. 60/425,941 filed November 13, 2002 in the
name of Jo Wen Lin entitled Spinal Implant Insertion Adjustment Instrument
and Implants for use Therewith and Serial No. 09/705,377 entitled Spinal
5 intervertebral Implant filed November 3, 2000 in the name of Lawrence A.
Shimp et al., and US Pat. No. 6,277,149, all incorporated by reference herein.

[0004] During spinal surgery, the surgeon may approach the spine from
a variety of different orientations. One orientation uses the posterior approach,
another uses the anterior approach and others may approach laterally, posterior

10 or anterior or antero-lateral, an angle somewhere between the anterior and
lateral approaches.

[0005] US Pat. No. 5,772,661 to Michelson discloses methods and
instrumentation for surgical correction of the human thoracic and lumbar spine
from the antero-lateral aspect of the spine.

[006] Henry V.Crock, Practice of Spinal Surgery, pages 64-92, 1983, New York,
New York, discloses the technique of anterior interbody fusion. Fig. 2.34
illustrates the use of retractors and swabs to protect the great vessels. Fig. 2.35
shows the L4Ls levels. Figs. 2.38, 2.42 and 2.43 illustrate some of the
instruments used. Figs. 2.46a and b illustrate some of the orientations of the

20 grafts.

[0007] Charles H. Koh, The Colpotomy Optimized Hysterectomy, A New
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System for Total Laparoscopic Hysterectomy Using the Rowden Uterine
Manipulator Injector (RUMI) with the Koh Colpotomizer and Pneumo-occluder.
The photos 1-12 and the associated text show and describe the use of scissors
and various other surgical instruments.

[@008] PCT International Publication Number WO 93/18713 to Hodgson
discloses a uterine retractor medical device for positioning and controlling the
uterus within the abdominal cavity. The uterine retractor includes an elongated
actuator grip. One end of the actuator grip includes a handle grip with a
trigger, and the other end of the actuator handle mounts a retractor housing.

10 The retractor housing is fixed to a support bar and supports a retractor pivot for
movement about an axis substantially perpendicular to the support bar.
Actuation of the trigger moves a retractor finger which is inserted within the
uterus and thus imparts movement to the uterus allowing placement for
medical procedures.

[®009] US Pat. No. 5,522,899 to Michelson discloses an implant insertion
instrument in which the instrument has an implant engagement face that is
concave that engages a convex face of the implant and includes an extension for
engaging a depression in the implant face. The implant appears to be inserted
from the anterior of the spine. The implant is shown as being inserted along the

20 anterior-posterior axis of the spine.

[00010] US Pat. No. 4,349,921 illustrates a cervical spinal implant and insertion
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instrument. The implant has a threaded bore and the instrument has a threaded
stud which mates with the bore for inserting the implant along the posterior-
anterior axis.

[00011] US Pat. No. 4.878,915 to Brantigan illustrates the PLIF approach

5 (posterior lumbar interbody fusion). He too uses a threaded implant and mating

threaded insertion instrument for insertion of the implant along the posterior-
anterior axis.

[00012] US Pats. Nos.5,192,327 and 5,425,772 illustrate implants with threaded
bores for insertion with threaded insertion instruments. These insert the implant

10 straight into the disc space along a given axis and require the implant to have the
desiregl shape and orientation for such insertion direction.

[00013] US Pat. No. 5,645,598 shows an implant with an opening for receiving a
screwdriver for inserting the implant.

[00014] US Pat. No. 5,957,836 shows a paddle type spinal vertebral distractor.

[@0015] US Pat. No. 5,683,469 discloses a tibial trial prosthesis and bone
preparation system.

[00016] US Pat. No. 5,256,064 discloses a dental prosthesis placement
instrument.

[00017] US Pat. No. 6,261,296 to Aebi et al. discloses a spinal disc distractor.

f®0018] US Pat. No. 6,136,004 discloses a surgical nail forceps.

[00019] US Pat. No. 6,120,506 discloses instrumentation for insertion of a lordotic
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spinal implant.

[00020] US Pat. No. 6,500,206 to Bryan discloses instruments sets for inserting a
spinal intervertebral implant. The instruments include inserters, impactors,
chisels, scrapers and vertebrae spreaders. Each instrument has a

5 corresponding handle and shaft.

[00021] US Pat. No. 6,096,038 to Michelson discloses various instruments for
processing the disc space of vertebrae and for insertion of an implant into the
processed disc space. Different instruments and configurations are used with
distractors, inserters and so on in the disclosed process.

[®0022] US patent publication 2001/00221853 discloses a surgical instrument for
applying implants into the space between adjacent vertebrae. The instrument
comprises a shank to which an implant holder is pivotally mounted and can be
fixed in position. The implant holder is conical and threaded. The holder is
threaded to an implant with a complementary thread. The holder is fixed in an

15 angular orientation by an adjustment of an axially displaceable rod. This
instrument is especially adapted to mate with a complementary threaded implant.
No other instruments are disclosed that are interchangeable with the implant
inserter.

[00023] US patent publication 2002/0019637 discloses devices, implants and

20 techniques for a posterior lateral disc space approach. The instruments include

spreaders, reamers, cutters, scrapers, chisels, rasps, pushers and implant
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inserters.

[00024] US patent publications 2002/0022845 and 2002/0016592 illustrate still
other instruments and implants for spinal surgery interbody fusion.

[00025] US patent publication 2002/0111679 discloses apparatus and method for

5 determining implant size. A trial sizer is pivotally mounted to an elongated body

so that as the sizer is urged between adjacent spinous process, a physician may
rotate the elongated body through a range of motion and not place any torsional
forces upon the sizer. Different trial sizers are used to determine the space
between adjacent spinous process.

[@0026] US patent publication 2002/0016592 discloses interbody fusion grafts and
instruments including inserters and chisels.

[00027] US patent No. 6,610,065 to Branch et al. discloses a variety of spinal
implant surgical instrumentation including chisels, scrapers, and so on.

[00028] US Pat. No. 5,599,279 discloses surgical instruments and method useful

15 for endoscopic spinal procedures. Disclosed is a vertebrae spreader for use in
the anterior approach. The spreader includes a handle and an actuating
member. A vertebrae spreading mechanism includes a pair of serrated
spreading arms and is actuated by the actuating member. The mechanism
includes a collar actuating member and a translatable inner cylindrical member

20 with an angled camming slot for cooperating with a camming pin, the slot for

locking the pin in arms open position. An actuating rod moves the vertebrae
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spreading mechanism between open and closed positions. A linkage
mechanism connects the spreading mechanism to the rod. The arms have an
angled camming slot to permit movement of the vertebrae spreading members to
their open and closed positions. Structure is provided to translate the
longitudinal reciprocating motion of the rod to pivotal motion of the spreading
arms about transverse pins. The arms include teeth to prevent slipage. An
alternative embodiment discloses spreading arms that are moved in reciprocal
sliding motion by a rack and pinion system with each spreading member
connected to a different rack. In a further embodiment, axial displacement of a
rod member pivots the spreading members via a linkage arrangement connected
between the rod and the spreading members. These embodiments are not
disclosed as being interchangeable nor is the mechanisms disclosed as useful

with other surgical processing tools.

[00029] US patent publication 2002/0072752 discloses interspinous process

15

implant sizer and distractor with a split head and size indicator and method.

[00030] US Patent No. 6,099,311 discloses an abutment delivery system for

20

retaining and delivering dental implant components. The system includes a
member that has a plurality of multi-size stepped down portions for hands-off
insertion into and frictional engagement with various dental implant
components. The member may be selectively attached and pivotally attached to

a handle.
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[00031] Paul M. Lin et al. in a text entitled Lumbar Interbody Fusion, chapter I
directed to anterior lumbar spinal body fusion pages 127-131, Aspen publishers,
Rockyville, MD 1989 discloses instrumentation and procedure for anterior spinal
fusion.

[@0032] An article in Spine, Vol. 20, Number 248, pp. 167S-177S entitled
Interbody, Posterior , Combined Lumbar Fusions, discloses posterior, posterior
lateral interbody fusions of interest.

[00033] Cloward, in an early work in 1952, entitled Lumbar Interveftebral Disc
Surgery, Surgery, Vol. 32, No. 5, Nov. 1952, discloses lumbar intervertebral disc

10 surgery employing a spreader.

[00034] Janssen et al. in an article entitled Biological Cages Eur Spine Jour
(2000) 9 (Supp 1) pp. S102-109 discloses the femoral ring allograft and PLIF
spacer used for anterior lumbar interbody fusion and posterior lumbar interbody
fusion.

15 [00035] Other articles of interest in this field include Clinical Biomechanics of
the Spine, by White et al. second ed. 1990, pp.547-563, Lippincott-Raven, New
York, New York showing various implant orientations, Campbell's Operative
Orthopedics, Vol. Five, eighth ed, 1992, pp. 3505-3509 showing lateral approach
and anterior approach spinal surgery, and a text Clinical Orthopaedics, Section

20 I, General Orthopaedics, Anterior Lumbar Interbody Fusion by H.V. Crock,

Lippincott Co.
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[00036] Of interest are catalogs by DePuy Acromed VG2 Interbody Bone
Grafts, 2000; Acromed Spine Tools Anterior Endoscopic Thoracolumbar
Instruments, 8/96, showing various instruments for lumbosacral discectomy and
fusion, Miltex Surgical Instruments, 1986 and Codman Surgical Products
5 Catalog 1996, illustrating various surgical instruments.

[00037] ‘However, the problem with the suggested techniques and
instrumentation of the prior art as discussed above is that separate costly
instruments are required for each different surgical function. For example,
spreaders, chisels, rasps, rongeurs, curettes, implant insertion instruments, trials,

10 and so on require a separate tool including a handle, a shaft and an instrument
head for performing a given task. As a result as shown in the various catalogs
mentioned above as well in several of the patents noted, kits of instruments are
supplied to the surgeons including instruments for performing the various
surgical processes required by spinal implant implantation. These instruments

15 are costly. In addition, each instrument has limited use for a given approach and
is difficult to use for other different approaches. As a result different spinal
approaches have corresponding unique instruments for that particular technique.
[00038] In addition, the surgeon using a fixed angled instrument possibly
would have difficulty in some situations displacing the instrument in a relatively

20 narrow space.

[00039] A need is seen by the present inventors for a solution to this problem.
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A need is seen in particular for instrumentation that is less costly and more
versatile for various surgical techniques than present instrumentation and that is

useful for use in tight surgical spaces.

5 Summary of the Invention

[00040] According to an embodiment of the present invention, a surgical
instrument is provided for processing an intervertebral disc space and/or for
insertion of a spinal implant into the processed space. The instrument comprises
a shaft having a first axis; a first joint element coupled to the shaft; and at least

10 two different heads for the processing and/or insertion. Each of the different
heads for selective attachment to the shaft, and each head having a second axis
and a second joint element which mates with the first joint element. The first
and second joint elements forming a joint for attaching each selected head to the
shaft. In one aspect, the joint and the elements are configured for permitting

15 positioning the second axis of each selected head in any of a plurality of
different orientations relative to the first axis.
[00041] In a further aspect, the first and second joint elements are mating
complementary first and second articulation elements to permit articulation of the
head relative to the shaft.

20 [00042] In a further aspect, a connection arrangement is secured to the shaft

for temporarily fixedly securing any of the selected heads to the shaft.

10
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20

[00043] In a still further aspect, the connection arrangement secures the
selected heads in any one of selected different orientations relative to the first
axis.

[00044] In afurther aspect, the joint elements are configured for permitting
each selected head to be positioned at any of a plurality of angular orientations
relative to the first axis.

[00045] In a further aspect, the joint elements are configured to permit the
second axis of the different heads to be positioned parallel to and spaced from
the first axis.

[00046] In a further aspect, the first articulation element comprises one of a
ball, cylinder, or socket and the second articulation element has a configuration
complementary to the respective one ball, cylinder or socket for releasably and
movably mating to the respective one ball, cylinder or socket.

[00047] In a still further aspect, the cylinder or ball is a separate piece with
respect to the shaft and head for mounting in a mating socket in each of the
shaft and head.

[00048] In a further aspect, the cylinder or ball is one piece and integral with
the corresponding one of the shaft and head.

[00049] In a further aspect, the head has a distal end opposite the second
articulation element. The distal end has a distal end wall and includes a

cantilevered side wall extending from the distal end wall. A stud is attached to

11
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the distal end wall thereto and extends substantially parallel to the cantilevered
side wall.
[00050] In a further aspect, a connection arrangement is secured to the shaft
for temporarily fixedly securing any of the selected heads to the shaft wherein the
5 connection arrangement includes a rod coupled to the shaft, a first articulation
element being coupled to the rod, the connection arrangement including a
plurality of resilient fingers formed in the shaft or head for permitting the one ball
or cylinder of one of the elements to be received in and secured to the socket of
the other of the elements and a rod displacement member attached to the shaft
10 for displacing the rod relative to the first axis to temporarily fixedly secure the
head to the shaft.
[00051] In a further aspect, the connection arrangement includes a sleeve
coupled to the shaft, the first articulation element being coupled to the shaft, the
connection arrangement including a plurality of resilient fingers formed in the
15 shaft and defining the one socket, ball or cylinder, displacement of the sleeve for
displacing the fingers to either grip or release the one ball or cylinder in the one
socket.
[00052] In a further aspect, the first or the second articulation element includes
an engagement member for releasably engaging the other articulation element,
20 and the engagement member is adapted to allow angular positioning between

the first and second articulation elements.

12
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[00053] In a further aspect, both the first and the second articulation elements
include mating ratchet teeth arranged in an arc. The first and second articulation
elements are incrementally adjustable at a plurality of angles relative to each
other and the shaft by selectively mating the ratchet teeth of the first and second
articulation elements.

[00054] In a further aspect, the at least two different heads are selected from
the group consisting of any two different head configurations, the configurations
forming categories, each category having one or more different configurations,
the categories including a chisel, an implant gripping head, an implant impacting
head, an implant inserter, a rasp, a distractor, a trial, a curette and a rongeur.
[00055] In a further aspect, the at least two different heads are in the same or
different categories.

[00056] In a further aspect, the shaft includes a plurality of shaft sections with
adjacent sections interconnected by a corresponding articulating joint, each of
the heads for selective attachment to a first shaft section.

[00057] In a further aspect, the corresponding articulating joint comprises a
convex surface on one section and a concave complementary surface on the
mating adjacent section.

[00058] In a further aspect, the at least two different heads and the first shaft
section have complementary surface features for articulating mounting of either

of the heads on the first shaft section.

13
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[00059] In a further aspect, a spinal implant insertion or intervertebral space
processing instrument head for an instrument has a shaft comprising a body
having first and second ends and defining a longitudinal axis; a surface adjacent
to the first end for the space processing or implant insertion; and one of a ball,
5 cylinder or socket adjacent to the second end for attachment to a mating

insertion or intervertebral space processing instrument shaft.
[00060] In a further aspect, the head is an implant inserter and the body has a
first surface at the first end for mating with and abutting a spinal implant surface.
[00061] In a further aspect, the body includes any one of the group consisting

10 of an implant inserter, an implant impactor, a chisel, a rasp, a trial, a curette, a
rongeur and a distractor.
[00062] | The heads and instruments are further provided in an additional

plurality of different embodiments as disclosed in the accompanying drawings.

15 Brief Description of the Drawings:

[00063] FIGURE 1 is an isometric view of a spinal implant insertion instrument
according to an embodiment of the present invention;

[00064] FIGURE 2 is a more detailed isometric view of the insertion head of the
instrument of Fig. 1;

[80065] FIGURES 3 and 4 are respective side elevation and side elevation

sectional views of the instrument of Fig. 1 wherein Fig. 4 is taken along lines 4-4

14
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of Fig. 3;

[00066] FIGURES 5 and 6 are respective isometric and plan views of a knob and
a detailed view of the knob end of the handle used with the embodiment of Fig.
1

[60067] FIGURE 7 is a sectional elevation view of the head of Fig. 2;

[00068] FIGURE 8 is a sectional elevation view of the end of the body of the
instrument of Fig. 1;

[00069] FIGURE 9 is a more detailed fragmented side elevation sectional view of
a connection rod and articulation joint element in the form of a ball for attaching

10 the head of Fig. 2 to the shaft taken at region 9 of Fig. 11;

[00070] FIGURE 10 is a more detailed fragmented side elevation view of the knob
of Fig. 5 attached to the end of the connection rod at region 9, Fig. 11;

[00071] FIGURE 11 is a side elevation view of the connection rod assembly used
in the embodiments of Figs. 1, 3 and 4;

[G0072] FIGURE 12 is an isometric view of the end of the shaft of Fig. 1 for
receiving the head of Fig. 2;

[00073] FIGURE 13 is a more detailed isometric view of the male articulation joint
element attached to the shaft of Fig. 11;

[00074] FIGURE 14 is an isometric view of an insertion head according to a

20 second embodiment of the present invention;

[00075] FIGURE 15 is a side elevation sectional view of the head of Fig. 14;

15
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[00076] FIGURES 16-24 are various views of different spinal bone implants that
may be used with and inserted into a disc space by different instrument insertion
heads according to different embodiments of the present invention;

[00077] FIGURES 25 and 26 are respective elevation and sectional elevation

5 views, the latter taken along line 26-26 of Fig. 25, of an instrument with an
implant insertion head attached according to a further embodiment;

[00078] FIGURE 27 is an isometric view of a threaded screw for insertion into the
articulation joint shown in Figs. 28-30;

[00079] FIGURES 28, 29 and 30 are respective fragmented isometric, plan and

10 sectional plan views of an articulation joint between a head and instrument shaft
at region 7 of Fig. 25 and a more detailed sectional plan view of the articulation
joint as shown in Fig. 26 taken at the region 7;

[00080] FIGURE 31 is an isometric exploded view of an instrument articulation
joint and implant insertion head according to a further embodiment;

[@0081] FIGURE 32 is an exploded side elevation view of the instrument for use
with the head of Fig. 31 and Fig. 33 is a view similar to the view of Fig. 32 with a
portion of the shaft and the implant insertion head in section;

[00082] FIGURE 34 is a more detailed view of the sectional view portion of the
head and shaft articulation joint portion of Fig. 33 taken at region 231;

[@0083] FIGURE 35 is a side elevation view of an implant insertion head according

to further embodiment with the implant shown in phantom;

16
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[00084] FIGURES 36-39 are respective isometric, rear elevation, front elevation
and top plan views of the head of Fig. 35;

[00085] FIGURES 40, 41, 42, 43 and 44 are respective isometric, side elevation,
top plan, front elevation and rear elevation views of an implant insertion head

5 according to a further embodiment;

[00086] FIGURE 45 is a fragmented side elevation sectional view of a
interchangeable joint of a shaft and attached implant insertion head or
intervertebral disc space processing head according to a further embodiment of
the present invention;

[@0087] FIGURE 46 is an exploded fragmented side elevation sectional view
similar to that of Fig. 45 with the head joint element detached from the shaft joint
element;

[00088] FIGURES 47-50 are 1) a respective fragmented side elevation sectional
exploded view of a shaft and head, 2) a side elevation view of an attachment

15 member used in the embodiment of Fig. 47, 3) a fragmented side elevation view
of the head joint element and head portion and 4) a fragmented top plan view of
the head and shaft of the embodiment of Fig. 47;

[00089] FIGURE 51 is an exploded side elevation fragmented view of an
instrument and a representative implant insertion head and head-instrument

20 interchangeable joint in a jaw closed state according to a further embodiment;

[00090] FIGURE 52 is a side elevation view partially in section of the instrument of

17
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Fig. 51 showing the jaw open state;

[00091] FIGURES 53 —57 are isometric views of respective implant impact heads
(Figs. 53 and 54), a chisel head (Fig. 55), a distractor head (Fig. 56) and a rasp
head (Fig. 57) which may be attached to the shafts of the instruments of Figs. 51

5 and 52 in exemplary embodiments;

[00092] FIGURES 58 and 59 are respective fragmented side elevation and front
elevation views taken along lines 59-59 of Fig. 58 of a female articulation joint
element of an instrument shaft according to a further embodiment of the present
invention;

[@0093] FIGURES 60, 62 and 63 are respective side elevation view, top plan view
and isometric view of an instrument implant insertion or processing head male
articulation joint element that mates with the joint element of Fig. 58;

[00094] FIGURE 61 is an isometric view of a joint element retaining member used
in the embodiment of Figs. 58 and 59;

[80095] FIGURE 64 is a fragmented side elevation sectional view of an articulation
joint between a head and a shaft end according to a further embodiment;

[00096] FIGURE 65 is a bottom plan view of the upper shaft member of the joint
of Fig. 64;

[00097] FIGURE 66 is a top plan view of the lower shaft member of the joint of

20 Fig. 64;

[00098] FIGURE 67 is a fragmented side elevation partially in section view of an

18
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articulation joint between a head and a shaft according to a further embodiment;

[00099] FIGURE 68 is a fragmented exploded side elevation view of an
instrument shaft and head joint according to a further embodiment of the present
invention;

[600100] FIGURE 69 is an end elevation view of the instrument shaft end showing
the joint element of the shaft;

[000101] FIGURES 70-80 are respective side and end elevation views of a chisel
head (Figs. 70 and 71) taken along lines 71-71 of Fig. 70, end elevation and
isometric views of a chisel portion of a head (Figs. 72 and 73), and various views

10 of different curettes (Figs. 74-80);

[000102] FIGURE 81 is a fragmented sectional elevation view of a handle end of an
instrument according to an embodiment of the present invention and Fig. 82 is a
fragmented sectional elevation view of the head-shaft articulation joint of the
instrument of Fig. 81;

[B00103] FIGURE 83 is an isometric view of the male articulation joint element of
Fig. 82;

[000104] FIGURE 84 is an isometric view of the rasp head of the embodiment of
Fig. 82;

[000105] FIGURE 85 is a fragmented top plan view of the instrument of Figs. 81

20 and 82;

[000106] FIGURE 86 is a side elevation view of a surgical rongeur instrument

19
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according to an embodiment of the present invention;

[000107] FIGURE 87 is an isometric view of the male joint element of the
instrument of Fig. 86;

[000108] FIGURE 88 is a more detailed fragmented sectional elevation view of the

5 instrument of Fig. 86 without the head attached;

[000109] FIGURE 89 is a more detailed fragmented sectional elevation view of he
rongeur head and shaft portion of the instrument of Fig. 86;

[000110] FIGURE 90 is a side elevation sectional view of an instrument according
to a further embodiment;

[@00111] FIGURES 91 and 94 are respective isometric views of a representative
shaft section end female face region showing a shaft section or head receiving
configuration, Fig. 94 showing the configuration in more detail;

[000112] FIGURES 92 and 93 are respective isometric and side elevation sectional
views of a representative filament guide used in the instrument of Fig. 90;

[@00113] FIGURES 95 and 97 are respective isometric views of a representative
shaft section end male face region, which mates with the female region of figures
91 and 94, Fig. 95 showing the configuration in more detail;

[000114] FIGURE 96 shows a front elevation view of an adjustment knob locking
member used with the instrument of Fig. 90;

[300115] FIGURES 98a — 98e are respective rear elevation, top plan, front

elevation, side elevation and isometric views of a spinal implant insertion head
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according to an embodiment of the present invention;

[000116] FIGURES 99a-99e are respective top plan, rear elevation, side elevation,
front elevation, and isometric views of a spinal implant insertion head according
to a further embodiment of the present invention;

[@00117] FIGURES 100a-100e are respective isometric, rear elevation, top plan,
side elevation and front elevation views of a spinal implant insertion head
according to a further embodiment of the present invention;

[000118] FIGURES 101a-101e are respective isometric, rear elevation, side
elevation, front elevation and top plan views of a spinal implant insertion head

10 according to a further embodiment of the present invention;

[000119] FIGURES 102a-102e are respective isometric, top plan, rear elevation,
side elevation, and front elevation views of a spinal implant insertion head
according to a still further embodiment of the present invention;

[000120] FIGURES 103a-103e are respective isometric, front elevation, top plan,

15 rear elevation and side elevation views of a spinal implant insertion head
according to a further embodiment of the present invention;

[000121] FIGURES 104a-104e are respective rear elevation, isometric, side
elevation, front elevation and top plan views of a spinal implant insertion head
according to a further embodiment of the present invention;

[@00122] FIGURES 105a-105e are respective isometric, top plan, rear elevation,

side elevation and front elevation views of a spinal implant insertion head
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according to a further embodiment of the present invention;

[000123] FIGURE 106 is a side elevation of an instrument according to a further
embodiment of the present invention;

[000124] FIGURE 107 is a sectional view of the instrument of Fig. 106 taken at

5 lines A-A;

[000125] FIGURE 108 is a more detailed view of the region 1850 of Fig. 106;

[000126] FIGURE 109 is a more detailed view of the region 1860 of Fig. 106;

[000127] FIGURE 110 is a fragmented side elevation view of a portion of the trigger
of the embodiment of Fig. 106 taken at region 9a;

[@00128] FIGURE 111 is a side eleyation view of a member which attaches the
spring of Fig. 112 to the trigger of Fig. 110; and

[000129] FIGURE 112 is a side elevation view of a torsion spring for use with the

member of Fig. 111 to bias the trigger in a neutral quiescent position.

15 Detailed Description of the Preferred Embodiment(s)

[000130] In Fig. 1, surgical instrument 10 comprises an elongated body 12 having a
longitudinal axis 14, and a handle extension 16 attached to a cylindrical handle
segment 12a of the body 12 at a proximal end 17 of the instrument 10. An

20 implant manipulating and engaging head 18 is attached to a cylindrical shaft

segment 12b of the body 12 at a distal end 20 of the instrument 10. The body 12
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defines a hollow cavity 24 as shown in Fig. 8. The handle extension 16 and the
handle segment 12a define a slot 11 (shown in Fig. 6) therebetween for receiving
a knob 15. The knob 15 may be threaded to a mating threaded portion 19’ of a
shank 19, as shown in Fig. 4. The threaded portion 19’ has a smaller diameter
5 than the non-threaded portion of the shank 19. The knob 15 is rotatably
threaded to the threaded portion 19’ (shown in Figs. 3 and 4) via a threaded
central opening 13 in the knob 15 (shown in Fig. 5). The shank 19 is positioned
in the interior 9 of the body 12 and extends through the body 12 from the knob
15 to connection rod 40 and a ball 42 connected to rod 40 and which ball joint

10 connects with the head 18.

[000131] The handle segment 12a has a transverse dimension greater than that of
the shaft segment 12b to permit ease of gripping by a surgeon during use. The
handle segment 12a and body 12 (including handle extension 16, and shaft
segment 12b) may be formed of stainless steel, for example, and preferably are

15 cylindrical or, in the alternative, may have other cross section shapes such as
square or rectangular, for example. The handle extension 16 may also have
flattened surfaces for receiving hammer blows used to manipulate the instrument
10 for manipulating an implant inserted into the intervertebral disc space.

[000132] In Fig. 2, the head 18 is attached at the distal end 20 of the shaft segment

20 12b of the body 12 and includes a stud 30 for mating with a hole in an implant

(not shown). The shank 19, Fig. 4, extends through the body 12 terminating
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adjacent to the distal end 20. In Fig. 9, the shank 19 has a threaded bore 19a
that receives and mates with the threaded rod 40 attached to the ball 42 of joint
40'.

[000133] In Fig. 9, joint 40’ comprises the connection rod 40 and an articulation

5 joint element in the preferred.form of the ball 42 for removably attaching the head

18 (Figs. 2, 7). The connection rod 40 includes a threaded portion 40a mating
with the threaded bore 19a of the shank 19. The shank 19 is positioned in the
hollow cavity 24 of the body 12. The shaft segment 12b of the body 12 and
hollow cavity 24 are shown in Fig. 8.

[@00134] In Fig. 7, the ball 42 affixed to the connection rod 40 mates with a
spherical hollow cavity 32 in the head 18 that forms a ball joint socket, the
combination of the ball 42 and cavity 32 creating an articulating ball joint. In Fig.
7, the head 18 includes the spherical hollow cavity 32 at one end and an implant
receiving stud 30 extending distally at an opposite end. The head 18 further

15 includes top and bottom walls, 35 and 37, respectively. The top and bottom
walls 35, 37 terminate at opening 32a to the spherical hollow cavity 32 with
convex spherical portions 34a and 34b which mate with and are received in a
complementary concave surface at end 20 of the shaft segment 12b. At the
oppc;site end of the head 18, the top and bottom walls 35 and 37 are contiguous

20 with arcuate edges 39a and 39b that extend linearly in and out of the drawing

figure, respectively, which edges connect the top and bottom walls 35 and 37
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with a concave arcuate implant receiving end wall 41. The implant (not shown)
has a complementary surface to the concave wall 41.

[000135] The head 18 is interchangable with other implant insertion or disc space
processing heads which are adapted to mate with the ball 42 and form a ball joint

5 therewith. In the alternative, the connection rod 40 may include a different

articulation joint element, other than the ball 42, such as a cylinder, which in turn
connects with a mating joint element such as a cylindrical socket in a head.

[000136] The threaded portion 19’ of the shank 19 mates with the threaded central
opening 13 of the knob 15, Fig. 10. The shaft segment 12b, Fig. 12, includes the

10 hollow cavity 24 therethrough, which terminates at a distal opening 50. Opening
50 is surrounded by a spherical concave surface 51. The connection rod 40,
shown in Fig. 13, connects the ball 42 with the distal end of the shank 19, as
shown in cross-section in Fig. 9. The shank 19 passes into the hollow cavity 24
through the opening 50.

[@800137] The combined shank 19, knob 15, connection rod 40 and ball 42 are
shown in Fig. 11. Joint region 9 includes the connection rod 40 and ball 42. Fig.
11 depicts the threaded portion 19’ of the shank 19 at the shank 19 proximal end
having the knob 15 threaded thereon abutting the shank 19. The knob and
connection rod cooperate with the ball joint to form a structure for temporarily

20 fixedly securing the head to the instrument shait.

[000138] In Figs 14 and 15, in another embodiment, insertion head 54 includes a

25



WO 2006/044920 . PCT/US2005/037493

body 55 defining a pair of spaced aligned circular cylindrical holes 56, one being
shown. The holes 56 communicate with a central spherical cavity 56’ forming a
joint socket. The holes 56 and cavity 56 communicate with a slot 58 extending
through the body 55 along a “z” axis 56¢ and partially through the body along a

5 longitudinal axis “y’ 56b. The holes 56 and cavity 56’ receive the ball 42 of the
joint 40°. The joint connection is created by insertion of the ball 42 into the
socket cavity 56’ through the slot 58. The ball 42 and cavity 56’ form a ball joint
that allows the head 54 to rotate in the plane of the y and z axes. The head can
only rotate toward the top and bottom of the drawing figure and not side to side

10 due to the engagement of the rod 40 in the slot 58. The head has side walls 61
and 63 which terminate in convex spherical portions 60a and 60b which define
the opening of the slot 58 at the proximate end of the head. Portions 60a and
60b mate with concave spherical surface 51, Fig. 12, of the shaft portion 12b. At
the opposite end of the head from the slot 58, the side walls are contiguous with

15 arcuate edges 65a and 65b which are linear into and out of the drawing and
connect the side walls 61, 63 and a concave distal wall 62 of the head 54. An
implant receiving stud 64 extends from the cohcave distal wall 62 along the

by 0

longitudinal axis “y” 56b, as shown in Figs. 14 and 15. The wall 62 is shaped to
mate with a complementary shaped implant not shown in figure 14.
[@00139] Various spinal bone implants are shown in Figs. 16-24. An advantage of

the instrument according to the present invention is the instrument’s adaptability
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to receive many shapes and sizes of implants and disc space processing heads.
All the implant embodiments shown in Figs. 16-24 include a hole adapted to
mate with a stud in an insertion head, for example, the stud 64 of the head 54
shown in Fig. 14, or stud 30 of head 18 shown in Fig. 2. A disc shaped implant
100 is shown in Fig. 16. The implant 100 includes a hole 104 having an opening
104a in a circular cylindrical side wall 102 for receiving a stud on the insertion
head as discussed above. The wall 102 mates with a complementary shaped
concave wall on the mating head. The implant 100 may optionally include a
centrally positioned circular hole 106, shown in phantom in Fig. 16 and which
may be formed by the medullary canal.
[000140] In Fig. 17, another implant embodiment is shown, implant 110.
The implant 110 includes opposing arcuate end walls 112 and 114 and planar
opposing side walls 116 and 118. End wall 114 is received in a complementary
concavity of the mating insertion head. The implant 110 may optionally include a
central circular hole 111, shown in phantom in Fig. 17, which may be formed by
the medullary canal and further finished as desired. A hole 113 is in the implant
110 end wall 114 with an opening 113a in the wall 114 for receiving a stud of an

implant head.

[000141] In Fig. 18, another implant 120 is rectangular and includes an elongated

20

body 121 having opposing side walls 124a and 124b, and 126a and 126b. An

end wall 122 defines an opening 122b to a hole 122a for mating with a stud of an
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implant head.

[000142] Implant 130, Fig. 19, is of conventional design and is in commercial use,
includes opposing end walls 132 and 134, wall 132 being the insertion end and
inserted from the posterior approach. End 132 is anterior when inserted. A hole

5 131 is in the implant 130 anterior end wall 132 with an opening 131a. The
implant 130 also includes a convex side wall 135 opposite planar wall segments
136a and 136b. Implant 130 may be formed from a section of a slice taken
transversely of a femur bone for example. The planar wall segments 136a and
136b have a semicircular cavity 137 therebetween which may be formed by the

10 medullary canal of the long bone and further finished. The top and bottom walls
which engage the vertebrae have serrations represented by the dashed lines
and may be parallel to each other or taper toward each other in a known wedge
shape toward the posterior end at wall 134.

[000143] In Fig. 20, implant 140 according to another embodiment is shown. See

15 commonly owned patent 6,277,149 which illustrates a similar implant and still
other implant configurations which may be used with corresponding
complementary instrument heads according to embodiments of the present
invention. See also US patent 6,200,347 which also illustrates similarly shaped
implants.

[®00144] The body 142 of the implant 140 is wedge shaped with tapering

respective top and bottom surfaces 140’ and 140" and parallel side walls 142
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(one being shown). The top and bottom surfaces taper toward each other and
toward wall 144’. An axially extending stud receiving hole 143 extending along
the longitudinal insertion axis of the implant is formed in anterior end wall 144
having an opening 143a. This implant may be inserted using the anterior
approach. Hole 143 receives the stud of a mating insertion head. Wall 144’ is

planar as is wall 144 and side walls 142.

[000145] In Fig. 21, another embodiment of an implant is shown, implant 150. A

10

15

corresponding implant is shown in commonly owned US Pat. No. 6,638,310 and
is more fully described therein. The implant 150 includes side walls 153 and end
walls 156 and 158. The insertion axis passes through the end walls parallel to
the side walls. See the aforementioned ‘310 patent, Fig. 5B. Walls 152 and 154
are in spaced mirror image to one another and inclined toward each other and
terminate at planar insertion end wall 156 therebetween and at respective planar
parallel side walls 153. This patent also shows an insertion instrument, Fig. 5B,
which would be replaced by the instrument of Fig. 1 for example using an
insertion head configured similarly as the head in the patent Fig. 5b, but
releasably attached to and adjustable as described herein according to one
embodiment of the present invention (not shown). The implant would be

manipulated during insertion by the instrument of Fig. 1.

[@00146] The implant 150 end wall 158 is planar and parallel to and in opposing

spaced relation to the planar end wall 156. End wall 158 is inserted first into the
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vertebral disc space. The implant 150 wall 156 has a stud receiving hole 155,
shown in phantom, and extending parallel to side walls 153.  The hole 155 has
an opening 155a in the wall 156. The hole 155 receives a stud such as stud 30
of the head 18 of Fig. 2. However, the insertion head for implant 150 would have
5 a head receiving surface such as the surface of wall 41 which is complementary
to the implant walls 152, 154 and 156 for receiving these walls as shown in the
above noted corresponding patent. The stud such as stud 30, Fig. 2, is
dimensioned to closely receive the implant hole 155, Fig. 21, so that the
instrument 10, Fig. 1, can temporarily hold the implant during manipulation of the

10 head if needed and during insertion into the disc space.

[000147] Fig. 22 shows another implant embodiment, implant 160. The implant
160 is somewhat oval shaped includes opposite arcuate side walls 162 and 164,
and opposing planar end wallls 166 and 168. The planar end wall 166 has a hole
163 with an opening 163a in the wall 166. The hole 163 extending partially into

15 the implant 160 in an axial direction, for example, along the anterior-posterior or
other axis of the vertebrae. The implant 160 has a substantially central hole 165
which may be formed by the medullary canal.

[000148] In Fig. 23, another implant embodiment is shown, implant 170. This
implant includes an arcuate convex end wall 172 terminating contiguous with

20 angled planar walls 174 and 176 which are inclined toward each other and

toward end wall coplanar sections 173. A concave wall 178 terminates at
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sections 173 and is located therebetween. Wall 178 has a hole 177 with an
opening 177a which hole extends axially towards the center of the implant 170.
The implant 170 may optionally include a central hole 171 shown in phantom in
Fig. 23 which may be formed by the medullary canal.

[@00149] Fig. 24 shows another embodiment of an implant, implant 180. The
implant 180 includes opposing arcuate side walls 182 and 184, and stepped
portions 186 and 188 in spaced mirror image relation to each other. The
stepped portion 186 is formed by walls 186a and 186b perpendicular to each
other, and stepped portion 188 is formed by walls 188a and 188b perpendicular

10 to each other forming an extension 187. Extension 187 has a hole 183, shown
in phantom, in extension end wall 185. The hole has an opening 183a in the
end wall 185. The hole 183 receives an insertion head stud. The extension 187
is dimensioned and configured to be complementary to a mating head concavity
which receives the extension.

[G00150] In similar fashion as described above for certain of the implants, all of the
implants of Figs. 16-24 and still numerous others (not shown) which may be
commercially available and certain of which are described in corresponding
patents (not identified herein), are received in a complementary shaped cavity of
an insertion head for insertion by the instrument 10 which releasably receives a

20 mating head in an interchangeable manner according to the configuration of the

mating implant being inserted. The holes in the end walls of all of these implants
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also similarly receive an insertion head stud as explained above.

[000151] In operation of the instrument 10, a stud, such as stud 30 of
representative head 18, Fig. 2, is inserted in a corresponding implant hole, such
as hole 104, implant 100, Fig. 16, hole 113 of implant 110, Fig. 17 and so on, in

5 close, but releasable fitting arrangement to frictionally hold the implant to the
corresponding head during insertion. The head attached to the implant is initially
loosely held to the instrument shaft portion 12b by the ball joint 40°, Fig. 9, so that
it may be rotated. This head like all heads for attachment to the instrument 10
have identical ball connection elements as disclosed in the embodiment of Figs.

10 2 and 7 or according to the embodiment of Figs. 14 and 15, by way of example,
forming ball joints. Other manipulation head connection elements other than ball
joints may be used on the instrument and on the head as disclosed below herein
or equivalents thereof according to a given implementation.

[000152] As disclosed in Fig. 2, the surgeon can manipulate the head such as head

15 18 in the directions of arrows a, b and ¢ in any angular orientation. This positions
the head and attached implant in the desired orientation relative to the
instrument axis 14 for a given insertion direction relative to the body 12 axis 14.
Once the relative head orientation is reached, the knob 15 is rotated in a
clockwise direction about the axis 14 along the threads 19’ (Fig. 4) of the shank

20 19 to displace the knob relatively on the threads 19" toward the end 20. This

action displaces the shank 19 relative position to the left in Figs. 1-4, direction
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14’. This displacement pulls the ball joint 40’, Fig. 9, to the left in the figure. The
joint 40’ is pulled until the head spherical surface corresponding to the surfaces
34a and 34b, Fig. 7, is pulled tightly abutting against the mating complementary
concave spherical surface 24, Fig.8, of the shaft portion 12b. The head is forced

5 sufficiently tight against the surface 24’ to lock the head in the preset orientation.
The knob and shank thus form a connection structure to temporarily fixedly
secure the head to the instrument.

[000153] The surgeon then inserts the fixedly held implant in a given orientation
relative to the instrument longitudinal axis into the disc space in a conventional

10 manner. The head is then pulled from the inserted implant (held in place in the
disc space by the adjacent vertebrae friction load) while the instrument is
retracted from the vertebral site. The head can then be used with other implants
or removed from the instrument and other heads attached as described
hereinbelow.

[G00154] In Figs. 25 and 26, an implant insertion instrument 200 according to a
further embodiment has an elongated cylindrical body 201 including a hollow
interior 202. The body 201 includes a handle 201a and a shaft 201b distal to the
handle 201a. An articulation joint 7 is attached to the distal end of the shaft
201b. The articulation joint 7 includes an implant manipulation head 208, shown

20 in greater detail in Figs. 28-30. A knob 204 is attached to a threaded end of a

shank 206, Fig. 26, passing through the hollow interior 202 of the body 201 along
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body 201 longitudinal axis 203. The knob 204 is positioned at a proximal end of
the handle 201a. The knob 204 includes internal threads (not shown) which mate
with the threaded end 206’ of the shank 206 such that the knob rotatably abuts
the end wall 201a” of the handle 201a when the knob is threaded on the

5 threaded portion of the shank in the head locking position. The mating internal
threads of the knob 204 and threads of the shank are not shown. The shank
206 mates with the head 208 at the distal end of the instrument as discussed
below to form a connection arrangement to temporarily fixedly secure the head
to the instrument.

[@00155] In Figs. 28 and 29, the head 208 has a rectangular extension tongue
portion 216 which fits in a slot 218 at the distal end of the shaft 201b. The head
208 and shaft 201b are rotatably interconnected by a screw 210. The screw 210
has a smooth bearing journal 211’ which mates with a journal bore 211, Fig. 30,
in the tongue portion 216. The screw passes through the shaft 201b and the

15 tongue portion 216 of the head 208, securing the head to the shaft. The threads
211 of the screw 210 are secured to mating threads in the shaft 201, and the
non-threaded journal 211’ provides a pivot for the head 208.

[000156] The end of the head 208 opposite the tongue portion 216 engages an
implant (not shown). The head surface configuration that mates with an implant

20 is complementary to the given implant to be attached to this head. Other heads

having different configurations for mating with complementary implants of
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different configurations are not shown in these figures.

[000157] For the purpose of engaging an exemplary implant, the head 208 includes
a concave arcuate surface 220 and a stud 222 extending from surface 220 along
the central longitudinal axis 203. The head 208 further includes a top wall 205

5 which is representative of an opposite bottom side wall 205". The walls 205 and
205’ each include upper and lower juxtaposed arcuate concave portions 205a
and 205b, Figs. 28 and 29, in mirror spaced relation to each other. The walls
205 and 205’ each include a corresponding proximally extending trapezoidal
upper and lower juxtaposed stop portion 207 therebetween. The portions 207

10 are parallel and juxtaposed with each other.

[000158] The distal end of the shaft 201b has two pairs, an upper pair and a lower
pair, of coplanar male projections 226a and 226b which are complementary to
and received in the respective female cavities formed by the concave arcuate
portions 205a and 205b. There are two pairs of such cavities, upper and lower.

15 The projections and cavities are dimensioned to mate and to permit the head to
rotate about the screw 10 a predetermined angular amount.

[000159] The shaft distal end also has a pair of upper and lower recesses 205¢
between the projections 226a and 226b for receiving corresponding proximally
extending upper and lower juxtaposed portions 207 of the head 208. Portions

20 207 each have inclined side walls 209a and 209b, Fig. 29, which abut mating

surfaces of the projections 226a and 226b to limit the amount the head can
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rotate. The projections 226a and 226b are in spaced mirror image relation to
each other\with a planar wall 227 therebetween forming the base of the recess.
The sides of the projections 226a and 226b are inclined for stopping the rotation
of the head. The head is stopped by the abutment of corresponding projection

5 207 side walls 209a and 209b when the head is pivoted about the threaded
screw 210. The head is rotated until contact is made between either of the pair
of the walls 226a, 226b and the corresponding walls 209a, 209b.

[000160] In Fig. 30, the head 208 tongue portion 216 includes an arcuate array of
teeth 212 located between the two extending portions 207 and the recesses

10 205¢c. The shank 206 includes a toothed end 214 which meshes with the teeth
212 within the central space between the projections 207.

[000161] In operation, the head 208 may be angularly positioned by hand to rotate
the head about the pivot axis provided by the non-threaded bearing portion 211’
of the screw 210. The angular extent of the rotation is determined according to

15 the relative magnitude of the transverse dimension of the space between the
projections 226a and 226b to the transverse dimension of the projection 207. By
making the projection 207narrow, the head can rotate a larger angular extent.

[000162] The knob 204 is turned to push the shank 206 toward the distal end of the
instrument until the teeth 212 and toothed end mesh and lock in place. When

20 the mating teeth 212 and teeth on the toothed shank end 214 are locked into

place, Fig. 30, the head can no longer rotate and is fixed in its set angular
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position. This structure of fixing the head forms a connection arrangement for
temporarily fixedly securing the head to the instrument.

[000163] Figs. 31-34, illustrate an instrument 229 according to a further
embodiment of an articulation joint, joint 231, at region R, Fig. 33 and shown in
more detail in Figs. 31 and 34. The joint 231 rotationally and releasably secures
implant insertion head 230 to the instrument 229. The instrument 229 has a
handle 240a and a shaft 240 that includes a joint 231 male ball 246 extending
from the shaft. The implant insertion head 230, Fig. 31, includes a spherical
cavity 230a forming the female portion of the joint 231 for mating with and
receiving the ball 246, Fig. 34. The shaft 240 distal end at the joint 231 has three
slits, slits 246a, 246b and a third slit not visible in the figures. The ball 246 is
connected to the end of instrument shaft 240 by resilient relatively thin segments
244 including frusto-conical segments 244a formed by the slits. The ball 246 is
formed of equal shaped and dimensioned spherical segments also formed by
the three slits 246a, 246b and so on. The three slits also extend partially axially
along the shaft 240 outer cylindrical surface to form axial sections of the
segments 244. The segments 244 thus include an axial portion of the shaft
outer surface, the frusto-concial segments 244a and the ball portions. The
segments 244 are equally dimensioned as formed by the slits 246b. The three
slits 246a, 246b etc. are equally angularly spaced apart about the longitudinal

axis of the instrument shaft 240. The segments 244 are integral one piece with
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the shaft 240, the segments 244a and the ball 246. The segments 244 and their
corresponding section portions of the ball 246 integral with each segment can
flex radially toward and away from each other in response to forces thereon.
The ball sections have a normal quiescent position as shown with the sections
5 spaced by the slits.
[000164] The slits 246a, 246b are dimensioned to permit the ball sections to
compress together to fit into the cavity 230a of the head an amount sufficient to
pass through the smaller cavity egress opening 236¢, Fig. 34. The drawing is not
to scale. The ball 246 then expands to its quiescent position once inside the
10 spherical cavity 230a, Fig. 34, forming a ball joint with the ball socket cavity 230a.
[000165] An elongated rod 237, Fig. 34, is mounted inside the hollow interior
239 of the shaft 240. The rod 237 has a conical tip 238.
The shaft 240b interior 239 has a frusto-conical surface 235 at its distal end.
The tip 238 subtends a smaller angle than that of the surface 235. The tip 238
15 smaller diameter end protrudes through opening 233 at the distal end of the
shaft interior 240c, Fig. 34.
[000166] The ball 246 and spherical cavity 230a allow the head 230 to be
rotated about the center of the ball 246 in any direction to achieve various angles
relative to the shaft 240. The rod 237 extends through the interior hollow cavity
20 240c through the shaft 240 and cylindrical handle 240a of fhe instrument 229,

Figs. 32 and 33. In Figs. 32 and 33, a knob 243 is fixed to the proximal end of
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the rod 237, which is threaded to the interior 239 of the instrument 229 handle
and shaft. Rotation of the knob axially displaces the rod 237 relative to the shaft
240. When the shaft displaces to the right in the Fig. 34, the tip 238 displaces
further to the right in the figure and engages the frusto-conical surface 235 of the
5 interior 240c. As the rod is forced further to the right in Fig. 34, its conical tip
engages the frusto-conical inerior surface of the shaft and forces the shaft
segments 144 apart. This forces the ball 246 sections apart and thus eventually
frictionally engages the ball 246 against the cavity 230a interior surface locking
the head to the ball 246 in a fixed position. the head is released by rotation of

10 the knob in the opposite direction.

[000167] The insertion head 230 includes opposing side walls 233a and 233b and
proximal convex end wall 236a defining the opening 236¢ receiving the ball joint
246. The insertion head 230 further includes a distal concave wall 232 having a
stud 234 extending perpendicularly therefrom. The stud 234 is adapted to be

15 received in a mating opening in an implant (not shown in these figures, but
shown in Figs. 16-24 by way of example). In the alternative, the rod 237 tip 238
may engage the interior of the junction of the ball 246 with segments 244a rather
than the interior of the shaft 240a. That junction and segments have a thinner
wall thickness and thus the ball will flex more easily at this junction than at the

20 shaft portions of the segments 244.

[000168] Figs. 35-39 illustrate a further embodiment of an implant insertion head.
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Insertion head 250 has a spherical ball joint socket cavity 252 at the head
proximal end. The head socket cavity receives a ball (not shown) forming a ball
joint similar to the joint shown in Figs. 7-9. The head at the proximal end has two
convex wall 251a and 251b in spaced relation to each other and defining an
opening 251c¢ (Fig. 37) to the cavity 252 surrounded by a concave surface 252’
The distal end 258 of the insertion head 250 includes two walls 260a and 260b in
spaced mirror image relation to each other, extending angularly and preferably
defining a planar surface 262 therebetween according to the shape of the mating
implant to be received by the head. The planar surface 262 is perpendicular to a
longitudinal axis 250a. The walls 260a and 260b are have inclined inner
surfaces and are contiguous with parallel side walls 253a and 253b of the insert
250. The side walls 253a, 253b, and the walls 260a, 260b connect at arcuate
edges 255a and 255b. A centrally positioned stud 254 extends perpendicularly
from planar surface 262 along the longitudinal axis 250a. The stud 254 is closely
received in a mating opening in an implant, such as implant 256, shown in
phantom in Fig. 35, to releasably frictionally hold the implant in place during
surgery. The implant 256 represents a head of any shape and configuration for
any desired aspect of the spinal implant insertion procedure. The walls 260a
and 250b preferably abut the outer surface of an implant to hold the implant in

the correct orientation during surgery.

[000169] Another embodiment of an insertion head is shown in Figs. 40-44. In this
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embodiment head 300 includes opposing side walls 303a and 303b, a proximal
end 301 and a distal end 303. A spherical ball joint socket cavity 312 located at
the proximal end 301 has an opening 310 surrounded by a concave wall 311, as
shown in Fig. 44. Two opposing convex walls 314a and 314b are in mirror image
5 spaced relation and define the annular concave wall 311 therebetween. The
spherical socket cavity 312 is receives a ball (not shown) forming the ball joint. A
distally extending cantilevered wall 302 extends from side wall 303b of the head
300. The distal end 303 includes a planar end wall portion 305 perpendicular to
the representative side wall 303b and contiguous with a concave wall portion 304
10 joined to the cantilevered portion 302 of the side wall 303b by an arcuate edge
307. An implant receiving stud 306 for closely frictionally engaging a mating
implant hole extends perpendicularly from the planar wall portion 305 at the distal
end of the head.
[000170] Figs. 45 and 46 illustrate an embodiment of a connection joint 350a and
15 locking mechanism 350b of a surgical instrument 349 according to the present
invention. The mechanism is for locking a disc space processing or implant
insertion head 366, which is representative of any tool useful for surgery on a
spinal disc space. Such heads are illustrated in detail elsewhere in this
disclosure and are interchangeable with the joint and locking mechanism of the
20 instrument 349. The mechanism forms a connection arrangement for

temporarily fixedly securing interchangeable tool heads to the instrument.
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[000171] The surgical instrument 349 includes a shaft 372 and a contiguous handle
(not shown). A head and instrument shaft joint 350a is at the distal end of the
shaft 372. The joint 350a includes a pair of jaws 352a and 352b in opposing
spaced relation from one another. The jaws 352a and 352b define an inner

5 elongated slot 354, a cylindrical socket cavity 356 forming cylindrical joint
element and an outer siot 357 therebetween. The slot 354, socket cavity 356
and slot 357 permit the jaws to pivot relative to each other and the shaft 372.

[000172] The shaft 372 portion of the locking mechanism 350b has a recessed
cylindrical portion 374 which receives an annular coil compression spring 360. A

10 cylindrical sliding member 358 is positioned over the recess and spring and
abuts the outer surface 372a of the shaft 372. The sliding member 358 manually
slides toward the distal and proximate ends of the shaft 372 in directions 351.
The member displacement in the rearward direction 386 is resisted by the
compression of the spring 360 between shoulder 359 at the proximal end of the

15 recess 374 and stop element 376 on the sliding member 358. The sliding
member 358 is biased by the spring toward the distal end of the joint in direction
384 and is stopped by the stop element 376 abutting shoulder 362 at the distal
end of the recess 374. The sliding member 358 is held in place in the head
locking position, Fig. 45, by the spring’s bias in direction 384.

[800173] 'i’he jaws 352a and 352b are fabricated to be normally biased in the open

position, Fig. 46. The jaws 352a, 352b can open and close as shown in Figs. 45
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and 46 by moving the sliding member 358 proximally in the rearward direction
and distally in the forward direction as indicated by arrows 386 and 384,
respectively. When the jaws 352a and 352b are forced together by releasing the
sliding member 358 to move distally in the forward direction, the cylindrical
member 371 of the processing head 366 is held between the jaws 352a, 352b in
the cylindrical joint socket cavity 356, as shown in Fig. 45. The force of the jaws
352a and 352b on the cylinder 371 can be released by moving the sliding
member 358 in the rearward direction 386 to allow for the head to be inserted
and removed from between the jaws. The head 366 is locked in position axially
and rotationally in all directions. This is because the slot 357 has a narrower
portion (not shown) at each of the sides of the jaws than in the central portion.
The wider central portion of the slot 357 thus forms a passage that receives the
relatively larger diameter shank 370 of the head as compared to the remainder of
the slot 357. The shank 370 of the head 366 in the slot 357 central portion
prevents the body 368 of the head 366 from being angularly positioned in and
out of the drawing figure in the passage 357. Thus the head 366 once
assembled to the jaws is locked in place and can not move in any direction
forming a connection arrangement for temporarily fixedly securing the head to
the instrument. The head 366 is representative of any interchangeable tool used
in processing the disc space such as a chisel, a curette, a distractor or an

implant inserter for insertion of an implant into the disc space, for example, or
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any other spinal surgical tool as may be desired.

[000174] In Figs. 47-50, another embodiment of a surgical instrument according to
the invention is illustrated. The instrument 400 includes a joint 400a for attaching
a head 424, Fig. 50, to the instrument. The instrument 400 includes an

5 elongated shaft 402 having a cylindrical hole 404 communicating with a slot 406

and two jaw members 403a and 403b, the jaw members forming a female socket
portion of the joint 400a.

[000175] A head assembly 420 is shown in Fig. 47 and includes elongated sheet
material upper and lower head attachment members 422a and 422b, and a

10 head 424. The head 424 has two elongated recessed portions 426 on its upper
and lower sides which matingly receive the members 422a, 422b. These
members are fixed by screws 428 to the head 424 as shown in Fig. 47 or like
attachment means.

[000176] A cylindrical connector 434 forming a male joint member is attached to the

15 head 424 via an elongated element 432. The cylindrical joint connector 434 fits
into the cylindrical socket bore 404 of the elongated shaft 402 forming the joint
assembly.

[000177] The head is further attached to the shaft by the members 422a and 422b.
A pair of oppositely disposed spring loaded plungers 440 are movably captured

20 to the shaft 402. The plungers each have a cylindrical locking elements 443a

and 443b in respective bores of the shaft biased outwardly by a central spring
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441. The locking elements 443a and 443b and plungers are captured to the shaft
bores. The members 422a and 422b include respective holes 464a and 464b

for receiving locking elements 443a and 443b of the spring loaded plungers 440.

[600178] The cylindrical member 434 is inserted into the cylindrical bore 404 while
the locking members 422a and 422b are adjusted over the shaft and depress the
plungers. The plungers 443a and 443b then shap into place as they enter the
holes 422c and 422d. The elongated elements 454 includes holes 464a and
464b for fixing the elements 454 to the shaft 402 by engagement of the plungers

10 locking elements 443a, 443b with these holes. The members 454 provide
additional support for locking the head assembly 420 in place.

[000179] The head 424 may be a tamp, a chisel or any other tool with or without
requiring an impact surface for applying force for use in any aspect of a spinal
implant surgical procedure. The instrument 400 provides a stable head

15 assembly 420 and shaft 402 joint along a singular plane. An end cap 413 is
attached to the proximal end of the handle 411 and includes an impact surface
413a such as might be used for insertion of an implant, for use with a chisel, a
distractor or other implant insertion processing tool.

[000180] Another embodiment of an instrument according to the present invention

20 is shown in Figs. 51 and 52. In Figs. 51 and 52, surgical instrument 500 includes

a shaft 502 having an enlarged annular gripping member 504 attached to the
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shaft proximal end. The member 504 has a rear impact surface 504a which
receives blows from an insertion hammer. The shaft has longitudinally
extending external threads 502a at its proximal end. A nut 506 having internal
threads mate with and are attached to the shaft external threads 502a for
5 displacing the nut along the shaft longitudinal axis 508 as the nut is rotated.
[000181] The shaft 502 includes resilient jaws 510a and 510b formed therein at the
shaft distal end. The jaws 510a and 510b are in opposing spaced relation to
each other and are formed by a longitudinal slot 516 and define a spherical
opening 528 therebetween in the jaw closed state of Fig. 51. The jaws are
10 relatively thicker than the shaft portion surrounding the slot 516 proximal to the
jaws. The jaws 510a and 510b extend distally from respective elongated arms
524, 526 formed by the slot 516. The arms 524, 526 are rectangular in cross
section and relatively thin so that they may pivot by bending at their junction at
the proximal end of the slot 516. The arms 524, 526 form a step 515 with the
15 shaft portion proximal thereto. The jaws 510a and 510b are reinforced by being
relatively thicker than the arms. The jaws have respective distal end surfaces
509 which are inclined in mirror image relation to each other and relative to the
longitudinal axis 508, e.g., about 45° to the axis. The jaws are normally
inherently biased open as shown in Fig. 52.
20 [000182] A movable sleeve 512 manually slides along the shaft 502 in the

forward direction arrow 522 (toward the distal end) and in the rearward direction
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arrow 518 (toward the proximal end). When the sleeve 512 is moved rearward,
the jaws 510a, 510b are resiliently biased in the open position as shown in Fig.
52. When the sleeve 512 is moved forward, in the direction of arrow 522, the
jaws 510a, 510b are moved toward one another against their bias to their closed
5 position to secure an exemplary implant insertion head 530 joint member thereto.
The jaws may receive other tool heads for different aspects of the implant
insertion procedure as described above. The nut 506 is then threaded against
the sleeve 512 (see Fig. 52 for this relative position of the nut) to lock it in the
closed position of Fig. 51 to securely mount the head 530 to the closed jaws in

10 an immobile position.

[000183] The exemplary implant insertion head 530 in this embodiment includes a
cantilevered side wall 532 forming a projection that extends distally from end wall
531. An implant receiving stud 5338 extends distally from the wall 531. The walls
531 and 532 are configured to receive and mate with an implant complementary

15 surfaces to be inserted into a spinal disc space by the instrument 500. In this
case, the wall 531 is arcuate and slightly concave to receive a mating
complementary convex surface of the implant and the wall 531 is inclined to
receive a complementary inclined side wall of the received implant.

[000184] The head 530 has a shank 534 which is elongated and cylindrical, but

20 may be rectangular. A ball 536 which is complementary to but slightly larger

than the spherical opening 528 of the closed jaws is connected to the neck 534.
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The ball 536 is received in the spherical jaw opening 528.
[000185] In the alternative, the joint member may be a cylinder and the
opening 528 may be cylindrical. This is not as desirable as a spherical
arrangement because the head might displace laterally if the joint were
5 cylindrical whereas a ball joint would be laterally immobile. The mating jaw and
head inclined surfaces prevent the head from rotating about the ball joint.
[000186] In operation, the sleeve 512 is moved rearward, direction 518 so
that the jaw members open in response to the bias of the arms 524, 526. The
jaws open an amount sufficient for the ball 536 to be inserted into the enlarged
10 opening 528. When the sleeve 512 is moved forward in direction 522, the jaw
members close as shown in Fig. 51 clamping the ball 536 to the jaws. The nut
506 is then rotated to abut the sleeve proximal end and is further rotated to
tightly clamp the ball 536 to the opening 528. This action locks the insertion
head 530 in a desired position. The nut may include a bore (not shown) for
15 receiving a rod to assist in locking the nut in its final position by providing
additional torque to the nut.
[000187] The head 530 has inclined surfaces 511 which abut the inclined
surfaces 509 of the jaws, Fig. 51, to securely lock the head in the desired
orientation relative to the axis 14, and in this case with the circular cylindrical stud
20 538 longitudinal axis parallel to the instrument longitudinal axis 508. The head is

thus fixed immobile in this position both by the clamping action of the jaws and
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by the mating abutting inclined head and jaw surfaces. The inclined mating
surfaces of the head and of the jaws prevents the head from rotating relative to
the jaws and instrument when locked in place. The spherical ball joint prevents
the ball from displacing out of the joint during use.

[@00188] The sleeve 512 may also be somewhat frictionally attached to the shaft
502 outer peripheral cylindrical surface which may have a larger diameter than
the threads 502a in a manner not shown. Thus the sleeve can retain its position
on the shaft unless manually moved. However, the nut 506 is threaded along
the threaded portion 502a of the shaft 502 to lockingly abut the sleeve 512 in the

10 jaw closed state and also to further displace the sleeve to its final locking position
to firmly clamp the jaws to the processing head.

[000189] In another embodiment, the sleeve 512 may have internal threads that
mate with threads along the length of the shaft 502. Rotation of the sleeve about
the shaft translates the sleeve along the shaft to the jaw open and closed states.

[600190] Embodiments of an implant impact head, a chisel head, a distractor head
and a rasp head are shown in Figs. 53-57. Figs. 53-55 show heads having a ball
of the ball joint for use, for example, with the instrument 500 of Figs. 51 and 52.
The heads shown in Figs. 56 and 57 are fragmented views of heads which also
may include a ball and shank as in the heads shown in Figs. 53-55.

20 [000191] In Fig. 53, an implant impact head 550 has a generally rectangular

body 552 and a ball 554 for a ball joint connected to the body 552 by a shank
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556. The distal end of the head includes a roughened surface 558 such as
knurling, or pits and valleys which provide enhanced gripping friction with the
contacted implant during spinal implantation surgery. The head 550 like all
heads and tools disclosed herein are preferably stainless surgical steel.

[600192] In Fig. 54, implant head 570 includes a body which is generally “L” shaped
and includes cantilevered distally extending leg 572 which extends from leg 574
at right angles to one another. The implant head 570 is also connected to a ball
578 via a shank 576.

[000193] In Fig. 55, chisel head 590 has a rectangular body 591 and which

10 includes a cantilevered wall 596 extending rearwardly in the proximal direction
from the body at the body proximal end. A shank 598 extends from a proximal
wall of the body 591 perpendicularly adjacent to the cantilevered wall 596. A ball
600 is attached to the distal end of the shank for mating, for example, with a
spherical opening such as opening 528, Fig. 52. Two chisel edges 592 and 594

15 in opposing parallel spaced relation to one another extend from the body 591 at
the distal body end opposite the ball joint 600 at opposite sides of the body 591.
The body 591 has a cavity 593 adjacent to and rearward of the edges 592 and
594. Once the chisel head 590 is locked in position in an instrument, the chisel
head 590 can be used for cutting and scraping vertebrae and disc material

20 during spinal implant surgery.

[000194] Fig. 56 illustrates a distractor head 610. A rasp head 630 is shown in Fig.
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57 having a roughened rasp surface 632. Surface 632 may comprise an array of
pyramidal teeth as known in this art. The distractor head 610 and the rasp head
630 have a shank and ball attached similar to the heads 550, 570 and 590 and
are connected to a instrument such as instrument 500, Figs. 51 and 52 similarly.

[600195] A female articulation joint element 700 is shown in Fig. 58. The element
700 includes an upper arm 703 and a lower arm 705 formed from a shaft 707 by
slot 708. See the instrument of Figs. 51 and 52 for example. The upper arm
703 terminates at upper jaw 702 and the lower arm terminates at lower jaw 704
in opposing spaced relation to each other similar to the instrument shown in Figs.

10 51 and 52. The arms are normally biased apart in the jaw open state as
described in connection with instrument of Fig. 51.

[000196] The jaws 702 and 704 have slot 708 therebetween and form a cylindrical
transverse opening 706 at the slot 708. The distal ends of the jaws 702, 704
each have an inclined surface 710a, and 710b. Each of the jaw members 702,

15 704 includes a respective toothed arcuate surface having linear elongated teeth
712a and 712b. Each surface is formed by an array of parallel like transverse
saw teeth 712a and 712b normal to the side walls of the jaws and to the plane
of the drawing figures. A retaining arm 714, Figs. 58 and 61, is pivotally attached
at one arm end to opposite sides of the upper jaw member 702 using a peg 716

20 as a pivot member. The arm 714 pivots about the pivot axis as indicated by

arrows 718a and 718b and overlies the opening 706 somewhat medially of the
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opening. The other end of the arm 714 opposite the peg 716 can be releasably
secured, in the desired position shown in Fig. 58, to the lower jaw member 704
using conventional means, such as a detent bumps (not shown) on the side of

the jaws.

[G00197] A cylindrical male joint structure 730, Figs. 60 and 63, has planar opposite

10

15

side walls 735a and an elongated body 735. The cylindrical joint structure 730
may be attached to an implant head or tamp (not shown) or other instrurhent
spinal surgery processing head as, for example, the embodiments shown in Figs.
53-55. The cylindrical male joint structure 730 has a surface 732 which includes
teeth 736 that mate with the teeth 712a and 712b of the joint element 700. The
mating arrangement of teeth 736, 712a, 712b provides stepped or incremental
articulation of the cylindrical joint structure 730 between the jaw members 702,
704 about axis 720, Figs. 59 and 63. Once the joint structure 730 is articulated
into a desired angular position relative to slot 708 and the instrument shaft 707,
Fig. 58, the structure can be fixed into that angular position by using the arms
714 to hold the head or tamp or the like transversely to a shaft 734 attached to

the joint structure 730.

[000198] The jaws 702 and 704 are locked in place by the remainder of the

20

instrument structures such as disclosed in the instrument of Figs. 51 and 52
using a sleeve to close the jaws and lock them closed with a nut. The natural

bias of the jaw arms opens the jaws when the sleeve is retracted rearwardly as
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shown above in Fig. 52. The arms 714, Fig. 58, insure that the male joint
structure 730 does not slide transversely out of the jaws 702 and 704 along the
axis 720, Fig. 59. A shank 734 connects the male structure to any of a plurality

of different spinal processing tool heads as described elsewhere herein.

[@00199] In Figs. 64-66, a distal end of an articulation ball joint 760 of an instrument

10

15

according to the present invention is shown. The ball joint 760 has a female
portion formed in upper and lower jaws 764 and 766, respectively. The jaws may
be part of an instrument as shown in Figs. 51 and 52, for example. The joint 760
includes a male ball 762 seated in complementary spherical portion mating
female recesses 768a and 768b in the upper and lower jaws 764, 766,
respectively. These spherical portion recesses in essence together cooperate to
form a spherical cavity for receiving the ball 762 of the joint 760. The ball 762
includes a protruding member 762a for mating with and received in a slot 770 in
the recess 768a of the upper jaw 702, Figs. 64 and 65. The arcuate recess 768b
in the lower jaw 766 is also shown in Fig. 66. The interaction between the slot
770, which defines a plane, and the mating received protruding member 762a

limits the range of motion of the ball joint 762 to the plane of the slot.

[000200] A shank 762b is connected to the ball 762 and in turn is connected to a

20

processing head (not shown in these figures). The head can be angularly
articulated in the plane of the slot 770 to an angular range extent as allowed by

the protruding member 762a moving in the slot 770. The desired angle the
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head can be set and then locked in place by the jaws 764, 766. In an alternative
embodiment (not shown), the recess 768a may include a further intersecting slot
or slots defining a still different plane or planes for receiving the protruding
member 762a and further limit the motion of the ball joint 762 along such
different arcuate paths defined by these further slots.

[000201] A distal end of a surgical instrument 780 is depicted in Fig. 67
including upper and lower jaws 782, 784. These jaws may also be manipulated
between open and closed locked positions as described in the other
embodiments herein, such as in Fig. 51. The jaws 782, 784 include recesses
786 and 788 having complementary convex surfaces 786a and 788a,
respectively. The recesses 786 and 788 are in mirror image spaced relation to
one another. An articulation male joint member 790 is an elongated cylinder or
rectangular shape with rounded end corner edges attached to shank 792.
Shank 792 is attached to a processing head (not shown in these figures). The
male member 790 is located between the convex surfaces of the recesses 786,
788 of the respective upper and lower jaw members 782, 784.

[000202] The joint member 790 can be manipulated angularly as shown by
arrows 793a and 793b in a limited fashion, but when formed of a cylindrical
shape is free to rotate about a longitudinal axis. When rectangular, the male
member 790 can only rotate in a plane. If cylindrical, it can also rotate about the

axis of the cylinder as well. The joint member's 790 motion is defined by the
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interaction of the convex surfaces 786a and 788a with the cylindrical or
rectangular shaped joint member 790. Once positioned, the joint member 790
can be locked into place using the jaws 782 and 784 to clamp the member 790
in a similar fashion as shown in previous embodiments.

[600203] In Fig. 68, an instrument 800 according to a further embodiment of the
present invention includes a female joint element 802. The instrument 800
includes an impact surface 801a on an impact portion 801 at a proximal end of
the instrument handle 810. A representative processing head, e.g., an implant
insertion head 810, has a concave surface 812 having a stud 814 projecting

10 perpendicularly therefrom for mating with a complementary shaped implant (not
shown). The end of the head opposite the stud 814 has a convex spherical
surface 816 including a threaded stud 818 extending perpendicularly therefrom
and in opposing relation to and on a parallel axis as the stud 814.

[000204] The female joint 802 of the instrument 800 includes a plurality of like

15 threaded holes 820, Figs. 68 and 69, in spaced relation in a spherical surface
complementary to and for receiving the surface 816. The hoes 820 receive the
threaded stud 818. The plurality of threaded holes 820 are in different angular
orientations relative to each other. The plurality of threaded holes 820 provide
articulation of the head 810 by the stem 818 being threaded to a selected

20 threaded hole 820 to fix the head 810 at a desired angle relative to the

instrument shaft axis 819.
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[000205] The surgical instruments according to the embodiments of the present

10

15

invention provides a means for interchanging and in some cases articulating
insertion heads such that various spinal surgical processing devices may be
used as described above. For example, curettes, rasps, chisels, or rongeurs
may be used with an instrument according to the present invention by using
similar joint devices as disclosed above in the various figures for the various tools
illustrated herein. Various heads also as discussed below may be used with the
different surgical instruments according to the present invention.

[000206] A chisel head embodiment is shown in Figs. 70 and 71. The chisel
head 850 has a cantilevered portion 852 terminating in a cutting edge 854.
Another chisel head embodiment 860 is shown in Fig. 72 and 73. Chisel head
860 has a “U” shaped configuration having two side walls 862a and 862b and a
bottom wall 864 terminating in a cutting edge 866, as shown in Fig. 73. The
chisel heads 850 and 860 can be attached to a shaft of an instrument in a similar
manner as described above, for example, using a ball or cylindrical joint at the

distal end of the instrument.

[000207] Several embodiments of curettes are shown in Figs. 74-80 which may be

20

used with various ones of the surgical instruments as described above herein
according to the joint associated with the curette and instrument for which it is
intended to be used. The curettes may have connection devices (not shown) for

connection to different joints as may be desired. One embodiment of a curette
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900 is shown in Figs. 74 and 75. The curette 900 includes an elongated body
902 having a joint arcuate socket 904 at one end, to mate with a male joint
element of an instrument shaft, and an oval processing cavity 906 adjacent to an
arcuate cutting edge 907 at an opposite end. The socket is shown

5 schematically and in practice includes details of one of the various joint
arrangements as discussed above herein.

[000208] Another curette for use with an instrument according to the present
invention is shown in Figs. 76 and 77 without a joint member being shown, it
being understood such a joint would be configured as discussed elsewhere

10 herein. The curette 920 includes an elongated body 922 having a rectangular
hollow core 924 adjacent to conventional cutting edges 923 at the instrument
distal end. The body 922 includes an angled segment 926 as shown in Fig. 77.

[000209] Another embodiment of a curette 930 is shown in Fig. 78. The curette is
similar to the curette shown in Fig. 76 having a hollow core 932 shown by the

15 dashed lines depicted in Fig. 78 and adjacent to tissue cutting edges 933 .
However, the curette 930 shown in Fig. 78 does not have an angled segment,
and includes a tapered body 936.

[000210] Another curette 950 is shown in Figs. 79 and 80. The curette 950
includes an elongated body 952 and an arcuate distal end 954 defining a hollow

20 core 956 adjacent to a cutting edge 953.

[000211] Another embodiment of a surgical instrument 1000 according to the
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present invention is shown in Figs. 81-85. The handle end (proximal end) of the
surgical instrument 1000 is shown in Fig. 81. The instrument includes an end
rotatable knob 1002, a body 1004 forming a handle, a substantially elongated
longitudinal shaft 1006 and a rotatable side knob 1008 mounted to the side of
the body 1004. Elongated filaments 1010 and 1012 are connected to the side
knob 1008 at spaced connection points 1014 and 1016, respectively. The points
1014 and 1016 are spaced equally from and on diametrically opposite sides of
the knob shaft 1018. The side knob 1008 rotates on shaft 1018 mounted to the
body 1004, as shown in Fig. 85. Rotation of the knob 1008 displaces the
filaments 1014 and 1016 in opposite ones of directions 1015, 1017. For
Example, filament 1014 displaces to the right in the figure and the filament 1016
displaces to the left when the knob 1008 is rotated clockwise in the figure. The
filaments move in the opposite directions when the knob is rotated counter

clockwise in the figure.

[300212] The end knob 1002 includes a threaded internal bore 1002a which mates

20

with a threaded portion 1006a of the shaft 1006. When the end knob 1002 is
turned, it displaces the shaft 1006 in one of directions 1015 (and the same one
of directions 1017). For example, when the knob is threaded to the right in the
figure it abuts the body 1004 and further rotation of the knob pulls the shaft 1006
to the left in the figure and vice versa when the knob is rotated in the opposite

direction about shaft 1006.
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[000213] In Fig. 82, the filament 1010 is connected to a rasp flat head 1030, by way
of example, at point 1036 and the filament 1012 is also attached to a point (not
shown) on the head 1030 spaced from point 1036 in the same relative position
on the head to the axis of rotation of the head, discussed below, as points 1014

5 and 1016 on the knob 1008 are to the axis of rotation of the knob 1008. The
attachment of point 1036 is representative of both attachment points.

[000214] The head 1030 has a semi-cylindrical cavity 1031 for receiving a
cylindrical joint member 1034 attached to the shaft 1006 distal end, Figs. 82 and
83. The head 1030 has a convex surface 1032 at a proximal end thereof

10 abutting a complimentary convex surface 1020 of the body 1004 at the body
1004 distal end. Preferably the surfaces 1020 and 1032 subtend the same arc
and have the same radii of curvature. The convex surfaces 1020 and 1032
engage when the head 1030 is pulled toward the body 1004 by rotation of the
knob 1002 in a direction which pulls the shait to the left in the figure, direction

15 1019, Fig. 81.

[000215] When the side knob 1008 is rotated, the filaments are taught and pull on
the head 1030 in direction 1019 at either of the connection points represented by
connection point 1036 in accordance with the direction of rotation of the knob
1008. When the side knob 1008 is rotated counterclockwise, the filament 1010

20 pulls the head so that the head rotates in a first direction arrow 1008a via

connection point 1036. The head rotates about an axis formed by the joint
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member 1034 engaged with the cylindrical head cavity.

[000216] When the side knob 1008 is rotated clockwise, the filament 1012 pulls the
head in a second opposite direction arrow 1'008b via the other connection point
(not shown). The head 1030 slides along its convex surface 1032 against the

5 convex surface 1020 of the body 1004 as the head 1030 rotates. The head
1030 rotates about an axis of rotation formed by the cylindrical cavity portion
1031 rotating about the journal formed by the joint member 1034.

[000217] After the head 1030 is rotated in a desired position, the end knob 1002 is
turned to thread the threaded portion 1006a of the shaft 1006 further into the

10 internal bore 1002a of the end knob 1002 direction 1019, locking the head 1030
in place. The rasp head 1030 is shown in more detail in Figs. 82 and 84 which
depict the rasp tooth surface 1030a. While a rasp head is illustrated in this
embodiment, such a head is by way of example, as any other spinal processing
tool head such as an implant insertion head, a distractor, an impact head, a

15 curette and so on may also be used interchangeable with the instrument 1000.

[000218] A surgical rongeur instrument 1100 according to the present invention is
shown in Figs. 86-89. The rongeur 1100 includes a hollow core cylindrical body
1102, Figs. 86, 88 and 89, and a shank 1110 located in the core of the
cylindrical body 1102. A knob 1104 having internal threads (not shown) is

20 threaded to a mating threaded end 1110a of the shank 1110. An abutment

collar portion 1104a of the knob contacts the proximal end surface 1102b of the
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instrument 1100 body 1102.

[000219] A rongeur head 11086, Figs. 86 and 89, is attached at a distal end
of the instrument 1100. The rongeur is coupled to the distal end of the shank
1110 by coupling assembly 127. The coupling assembly 1120, Figs. 87, 88 and
89 includes a circular cylinder 1122, forming a male joint member. The cylinder
1122, Fig. 87, is connected to a rod 1110a threaded at one end with threads
1124a. The shank 1110 is threaded at its distal end by threads 1124b, Fig. 88.
A tubular coupling member 1110b has a threaded bore that is threaded to the
shank 1110 distal end threads 1124b and to the threads 1124a, Fig. 89, on the
end of the rod 1110a.

[000220] The distal end of the body 1102 has an end wall 1102a that is
planar and an apertured wall 1102b that is contoured as shown, Fig. 88 and 89.
[000221] The male joint member 1122 attaches to a mating cavity 1171 in
rongeur lower jaw 1170, Fig. 89. The lower jaw 1170 cavity 1171 is circular
cylindrical which receives the male cylindrical member 1122. The jaw 1170 has a
planar anvil surface 1170a. The jaw 1170 has a second planar wall surface
1173 which abuts the body planar wall 1102a. Surfaces 1173 and 1170a are
normal to each other. The jaw 1170 has a pivot bore which receives a pivot pin
1180. The contoured wall 1102b of the body curves away from the surface 1173
into arcuate wall portion 1182 that terminates spaced from outer cylindrical wall

1102¢ of the body 1102 forming opening 1175 in the wall 1102b.
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[000222] The instrument 1100 further includes a filament 1130 attached to an
actuation member 1134 at connection point 1134a. The actuation member 1134
pivots about a pivot pin 1134b attached to an extension 1134c of the body 1102
in the body interior cavity. The member 1134 is positioned adjacent to the

5 proximal end of the body 1102.

[000223] Upper jaw 1150 pivots about pivot pin 1180 and has tissue cutting edges
1157 and 1158. Edge 1158 abuts the surface 1170a of the lower jaw and edge
1157 is spaced from arcuate surface 1159 of the lower jaw. The filament 1130 is
attached to the upper jaw at connection point 1152 such that movement of the

10 actuation member 1134 toward the distal end of the instrument, as shown by
arrow 1160, Fig. 88, moves the filament towards the proximal end of the
instrument. This action is shown by arrow 1161, Fig. 89, which pivots the upper
jaw 1150 about pivot pin 1180 in the direction 1163.

[000224] The upper jaw element 1150 is biased to resist rotation by the filament

15 1130 by spring 1184. The spring biases the upper jaw to remain in it's at rest
position Fig. 89. The spring 1184 is positioned between and connected to upper
jaw wall 1186 and to the body 1102 wall 1182. Rotation of the upper jaw element
1150 in direction 1163 compresses the spring 1184. The spring resiliently returns
the upper jaw element to it's at rest position as the actuation member 1134 is

20 returned to it’s initial position.

[000225] The lower jaw element 1170 matingly abuts the upper jaw element as
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shown in Fig. 89, and provides a cutting surface 1170a which cooperates with
the edge 1158. The lower jaw element 1170 is locked into position by turning the
knob 1104 and threading a threaded end 1110b of the shank 1110 into mating
internal threads of the knob 1104. The abutment portion 1104a of the knob 1104
5 contacts the proximal end wall 1102b of the body 1102 and pulls the shank 110
to the left in the direction of arrow 1161. Thus the lower jaw wall 1173 is pulled
into locking abutment with the distal end wall 1102a of the instrument 1100 body
1102 via the cylindrical element 1122.
[000226] The locked position of the lower jaw element 1170 allows the upper jaw
10 element 1150 to more forcefully bear down on the cutting surface 1170a than if

the lower jaw element movingly responded to the force of the upper jaw element.

[000227] An articulated surgical instrument 1200 according to a further embodiment
of the invention is shown in Fig. 90. The articulated surgical instrument 1200

15 includes a first tubular segment 1202 adjacent a proximal end of the instrument
1200. A second tubular segment 1204 is positioned between the first segment
1202 and a third tubular segment 1206 is positioned at a distal end of the
articulated surgical instrument 1200. While three tubular segments are shown,
more or fewer segments may be used according to a given implementation.

[00228] Articulation joint 1203 connects segments 1202 and 1204, and articulation

joint 1205 connects segment 1204 and segment 1206. Articulation joint 1208
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connects the third segment 1206 with a head 1212. Each articulation joint
comprises a female concave spherical surface on the end of one segment and a
convex complementary spherical surface on the end of the adjacent segment.
[000229] The first segment 1202 includes a female joint element which is a
concave spherical surface at joint 1203. The second segment 1204 has a
complementary male convex spherical surface at joint 1203 and a female
concave spherical surface at its other end at joint 1205. The third segment 1206
has a male spherical convex surface complementary to and engages a female
concave spherical surface at the mating end of segment 1204 at joint 1205. The
other opposite end of segment 1206 is female and the mating joint element of
the tool head at joint 1208 is a male spherical surface.

[000230] A representative male joint element 1251 is shown in Figs. 95 and
97 which includes a spherical convex surface 1252 defining a central opening
1254. A representative female joint element 1222 is shown in Figs. 91 and 94
and includes a spherical concave surface 1224 defining a central opening 1226.
The male joint surface 1252 mates with the female joint surface 1224 and are
complementary. Both surfaces 1224, 1252 are rough to provide a locking friction

fit between the surfaces.

[000231] A representative female receiving joint element 1222 is shown in Figs. 91

20

and 94. The element 1222 is located at the distal end of the third segment 1206,

for example, or of any of the other segments, and has a concave spherical
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surface 1224 and an opening 1226.

[000232] The head 1212 includes a representative male joint element. The male
joint element 1251 is cylindrical, terminates at a spherical convex surface 1252
relative to a longitudinal axis and defines an opening 1254. The male joint

5 element 1251 is at a proximal end of the head 1212 and includes a spherical
convex surface 1210 as described above for all of the segments. The surface
1210 mates with the corresponding female joint element of the third segment
1206 as described above with representative elements 1222 and 1251 shown in
Figs. 91 and 97.

[@00233] The head 1212 shown in Fig. 90 has a cantilevered distal rectangular leg
portion 1214. A filament 1238 is connected at point 1216 to the head. The
male surface 1206a and the female surface 1210 matingly abut and provide
cooperating engagement of the third segment 1206 and the head 1212 for
relative articulation of the head 1212.

[@00234] A representative filament guide member 1230 is shown in Fig. 92. The
guide member 1230 includes a disc shaped body 1232 having an opening 1236
defined by a rounded smooth U-shaped surface 1234. A guide member 1230
is located at each male and female end of each segment.

[000235] The filament 1238 is passed through the openings 1236 of each

20 guide member in each segment and connected to a threaded rod 1240 at the

proximal end of the instrument 1200. As shown in greater detail in Fig. 93, the
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filament 1230 passes through the opening 1236 formed by the convex rounded
surfaces 1234'.
[000236] The convex surfaces 1234 provide smooth non-abrading
interaction with the filament 1238 as the filament displaces through the guides.
5 The threaded element 1240 threads into a mating threaded hole in an
adjustment knob 1279, and into threaded engagement with locking knob 1282.
The knob 1279 when rotated pulls the filament 1238 taught, fixing the segments
1202, 1204, 1206 and the head 1212 one to another in any desired relative
orientation within the range of motion of the male and female spherical surfaces

10 of each joint. The locking knob 1282 locks the knob 1279 at a desired threaded
location.

[000237] A spinal implant insertion head 1300 is shown in Figs. 98a-98e. The
implant insertion head 1300 includes a body 1302 having a cantilevered portion
1304. A stud 1306 extends from a distal end wall 1308. The distal end wall is

15 contiguous with a stepped surface 1310 of the cantilevered portion 1304 of the
implant insertion head 1300. The stepped surface 1310 and a bottom wall
1304a are joined via an arcuate edge 1304b. The body 1302 of the insertion
head 1300 includes a spherical cavity 1312. A concave surface 1314 extends
radially about a longitudinal axis and defines an opening to the cavity 1312. The

20 spherical cavity 1312 receives a mating ball (not shown) to create an articulation

joint such that the head 1300 can be moved to any desired angle.

66



WO 2006/044920 PCT/US2005/037493

[000238] Another spinal implant insertion head 1400 is shown in Figs. 99a-99e.
The implant insertion head 1400 includes a body 1402 having a cantilevered
portion 1404 extending distally with a planar surface 1404a. The head 1400
further includes a distal planar surface 1406 which is perpendicular to the

5 cantilevered portion 1404. A stud 1408 extends from the distal surface 1406 and
is in parallel spaced relation with the cantilevered portion 1404. The stud is
closely received in an implant bore such as the bores 104, 113, 131 and so on of
the implants discussed previously in figures 16-24 among others and assists in
holding the implant to the head and orient the implant to the head.

[®00239] The body 1402 of the insertion head 1400 includes a spherical cavity
1410 and an opening 1412 to the cavity 1410 defined by a concave surface 1414
at the proximal end of the body 1402. The spherical cavity 1410 is configured to
receive a ball (not shown) so that an articulating joint is created by the mating of
the ball and the spherical cavity 1410.

[300240] A further spinal implant insertion head according to the present invention
is shown in Fig. 100a-100e. The insertion head 1450 includes a curved body
1452 having a convex side wall 1454 and a concave side wall 1456 opposite one
another. The head 1450 includes a distal end 1460 having a stud 1462
extending from a distal surface 1464 of the body 1452. Two distally extending

20 walls 1466 and 1468 are in spaced relation to each other and extend

contiguously with the side walls 1456 and 1454. The distally extending walls
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1466 and 1468 include angled surfaces 1466a and 1468a. The head 1450 also
includes a spherical cavity 1480 in the body 1452, as shown in Fig. 100b. The
cavity 1480 has an opening 1482 defined by a convex surface 1484 in the body
proximal end wall 1490. The surface 1464 and the extending walls 1466 and
1468 inclined surfaces form a recess that is complementary to outer surfaces on
the received implant.

[000241] A further spinal implant insertion head 1500 according to the
present invention is shown in Figs. 101a-101e. The head 1500 includes a body
1502 having side walls 1504 and 1506. Each side wall 1504, 1506 includes
concave segments 1504a, 1506b and convex segments 1504b, 1506a,
respectively. The concave and convex segments of each wall are in mirror
image relation to each other. The side wall 1504 includes a cantilevered portion
1508 extending distally past a end wall 1510 and having an arcuate inner surface
15607 and edge 1508a connecting the end wall 1510 to the side wall 1504. A
stud 1512 extends distally from the end wall 1510. At the opposite end wall 15
the body 1502 has a spherical cavity 1520, Fig. 101e. The opening 1522 of the
cavity 1520 is defined by a concave surface 1524. The cantilever portion 1508
and walls 1507 and 1510 are shaped complementary to the received implant
(not shown). The spherical cavity 1520 in this and the above described implants
receive a ball of a male joint element (not shown) to secure the implant to an

instrument of the types described above. The just enumerated implant insertion
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heads are interchangeable with the male joint element, forming a ball joint
therewith, of each corresponding instrument for the insertion of different shaped
implants with a common instrument.

[000242] A further embodiment of a spinal implant insertion head according to the

5 present invention is shown in Figs. 102a-102e. The implant insertion head 1550
includes a body 1552 and a distal end 1554 having opposing walls 1556 and
1558 in spaced relation to each other. The walls 1556, 1558 define channel
1560 therebetween. A distal end wall 1562, between the walls 1554 and 1558,
has a stud 1564 extending therefrom and preferably spaced equally from the

10 side walls 1556, 1558. The side walls 1556 and 1558 extend contiguously with
the side walls 1566 and 1568, respectively. This head receives the implant 180
of Fig. 24 for example.

[000243] Opposite the distal end of the head 1550 is the proximal end wall 1570 of
the head 1550. The body 1552 defines a spherical cavity 1572 having an

15 opening 1574 in the distal end wall 1570 of the body 1552 defined by a concave
surface 1576. The cavity 1572, like the other spherical cavities of the heads
described above, receives an articulating ball to form a ball joint (not shown)
such as the compressible ball, for example, shown in Fig. 31. The phantom line
of an implant 1580 such as that of Fig. 24 is shown in Fig. 102d which has a bore

20 that closely mates with the stud 1564 in the channel 1560.

[000244] A further embodiment of a spinal implant insertion head 1600 according to
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the invention is shown in Figs. 103a-103e. The head 1600 includes a body 1602
having a proximal end wall 1604, two side walls 1606 and 1608 and a concave
distal end wall 1610. The proximal end wall 1604 has a convex surface 1612
contiguous with the side wall 1606, and a second concave surface 1614
contiguous with the opposing side wall 1608. Between the convex side walls
1612 and 1614 is a concave surface 1618. The proximal wall 1604 is shown in
Fig. 103d and the body 1602 defines a spherical cavity 1622 having an opening
1624 in the concave surface 1618. The distal wall 1610 is shown in Fig. 103b,
and has a stud 1630 that extends perpendicularly from the distal wall 1610.
Concentrically surrounding the stud 1630 is a concave surface 1632. The distal
wall 1610 includes a concave edge portion 1634a along the top edge and a
mirror image concave edge portion 1634b along the bottom edge of the wall
1610.

[000245] Another embodiment of a spinal implant insertion head 1700
according to the present invention is shown in Figs. 104a-104e. The head 1700
includes a body 1702 having opposing side walls 1704 and 1706, a distal end
1708, and a proximal end 1710. The distal end includes a wall edge 1712
extending contiguously from the side wall 1704. Planar end wall 1714 is
contiguous with a curved wall terminating at an edge 1712 extending distally
therefrom and has a stud 1718 extending therefrom. The planar wall 1714 is

also contiguous with an inclined cantilevered wall section 1720 which terminates
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at an arcuate edge 1720a contiguous with the bottom side wall 1706. The wall
1714, section 1720 and the wall terminating at edge 1712 form a recess which
receives a complementary shaped implant.
[000246] A proximal end wall 1730 shown in Fig. 104e includes an upper
5 convex surface 1736a and a lower convex surface 1736b, and a concave
surface 1738 between the upper and lower convex surfaces 1736a and 1736b.
The body 1702 defines a spherical cavity 1732 having an opening 1734 for
receiving a ball of a connecting joint element to form a ball joint therewith. A
concave surface area 1742 defines the opening 1734, as shown in Fig. 104a.

10 The head is interchangeable with the other heads described above in a given
instrument as described above.

[000247] Another embodiment of a spinal implant insertion head 1750 according to
the invention is shown in Figs. 105a-105e. The head 1750 includes a body 1752
having top and bottom walls 1754 and 1756. The body 1752 also includes a

15 distal wall 1758 having a planar vertical surface 1760 contiguous with top wall
1754 and perpendicular thereto. The distal wall 1758 has a cantilevered
segment 1762 extending therefrom and having an inclined surface 1762. A stud
1764 extends perpendicularly from the inclined segment 1762, but is at an angle
with respect to the plane coincident with the bottom wall 1756 bottom surface

20 1756’. The inclined portion contiguously extends to the bottom wall 1756

meeting at an arcuate edge 1766. The opposite, proximate wall 1770 includes a
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spherical cavity 1772 having an opening 1774, as shown in Fig. 105¢c. A
concave surface 1776 defines the opening 1774. This head like the others is

interchangeable with those heads with respect to a given instrument.

[000248] An embodiment of a further surgical instrument 1800 according to the

5
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15

20

present invention is shown in Fig. 106. The instrument includes a trigger
mechanism substantially similar to that disclosed in the US Patent No.
5,660,333, which is hereby incorporated by reference. A tamp head 1802 is
connected to an upper arm 1804 at pivot point 1804a. The upper arm is pivotally
connected to a second (trigger) arm 1806 at pivot point 1804b. A cross section
of the second arm 1806 is shown in Fig. 107 depicting the angularly extending
finger tab 1806a.

[000249] A lower arm 1816 is “L” shaped and includes a first segment 1818
parallel with the upper arm 1804 and a second segment 1814 perpendicular to
the first segment 1818. The second segment 1814 forms a handle for the
instrument and is connected to a ratchet toothed member 1812 at pivot point
1812a.

[000250] The member 1812 extends perpendicularly from the second
segment and parallel to the upper arm 1804 and first segment 1818 of the lower
arm. The member 1812 is urged upwardly in the figure toward the member 1806
by a resilient “U” shaped spring 1830 which abuts a bottom surface of the

member 1812 and is connected to the second segment 1814. The second arm
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1806 includes a pawl 1808 for engaging a selected one of a plurality of an array
of ratchet teeth 1810 on member 1812, as shown in Fig. 109. The ratchet teeth
1810 hold the trigger arm 1806 in a given angular position. The arms 1804,
1818, 1806 and head 1802 form a four bar linkage.

[@00251] The center of a torsion spring 1820 is pinned to pivot element 1870,
shown in region 9a in Fig. 106, and the end 1872 of the torsion spring abuts or is
fixed to the second arm 1806. A portion of the arm 1806 is shown in Fig. 111.
The pivot element 1870 is shown in Fig. 111. Member 1822 is fixed to the first
segment 1818 by pin 1822a.

[@00252] Fig. 110 shows a portion of the second arm 1806 at region 9a of Fig. 106
depicting a first hole 1824 for receiving the pivot element 1870, and a second
hole 1824a for receiving the end 1872 of the spring 1820. Thus, the trigger arm
1806 is biased in the direction shown by arrow 1874, Fig. 106. The member
1812 is supported by the resilient “U” shaped element 1830 which allows the

15 member 1812 to be pulled downward to release the pawl 1808 from the teeth
1810. The torsion spring 1820 bias advances the pawl 1808 in the direction of
arrow 1874 when the member 1812 is pulled down to release the pawl 1808
from the teeth 1810. The arm 1806 and pawl 1808 can be pulled in the opposite
direction using the tab 1806a.

[#00253] When the pawl 1808 is moved between ratchet teeth, the upper arm 1804

moves forward or rearward (left and right in the figure) along a plane parallel to
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the first segment 1818 of lower arm 1816. The head 1802 thereby moves

arcuately as indicated by arrows 1802a and 1802b in response to the upper arm

1804 movement. Other heads or tools may be attached to the instrument in

place of head 1802 or head 1802 may be configured to have a male or female

5 joint as described above in connection with certain of the embodiments for
receiving various interchangeable processing heads.

It will occur to one of ordinary skill that various modifications may be made

to the disclosed embodiments. The various embodiments are given by way of

illustration and not limitation. It is intended that the appended claims define the

ittvention.
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What is claimed is:

1. A surgical instrument for processing an intervertebral disc space and/or for
insertion of a spinal implant into the processed space comprising:
a shaft having a first axis;
5 a first joint element coupled to the shait; and
at least two different heads for said processing and/or insertion, each of
the different heads for selective attachment to the shaft, each head having a
second axis and a second joint element which mates with the first joint element,
the first and second joint elements forming a joint for attaching each selected
10 head to the shaft.
2. The surgical instrument of claim 1 wherein the joint and the elements are
configured for permitting positioning the second axis of each selected head in
any of a plurality of different orientations relative to the first axis.
3. The surgical instrument of claim 2 wherein the first and second joint elements
15 are mating complementary first and second articulation elements to permit
articulation of the head relative to the shaft.
4. The surgical instrument of claim 1 further including a connection arrangement
secured to the shaft for temporarily fixedly securing any of the selected heads to
the shaft.
20 5. The surgical instrument of claim 4 wherein the connection arrangement is for

securing the selected heads in any one of selected different orientations relative
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to the first axis.

6. The surgical instrument of claim 2 wherein the joint elements are configured
for permitting each selected head to be positioned at any of a plurality of angular
orientations relative to the first axis.

7. The surgical instrument of claim 3 wherein the joint elements are configured
to permit the second axis of the different heads to be positioned parallel to and
spaced from the first axis.

8. The surgical instrument of claim 3 wherein the first articulation element
comprises one of a ball, cylinder, or socket and the second articulation element
has a configuration complementary to the respective one ball, cylinder or socket
for releasably and movably mating to the respective one ball, cylinder or socket.
9. The surgical instrument of claim 8 wherein the cylinder or ball is a attached to
one of the shaft and head for mounting in a mating socket in the other of said
shaft and head.

10. The surgical instrument of claim 8 wherein the cylinder or ball is one piece
and integral with the corresponding one of said shaft and head.

11. The surgical instrument of claim 8 wherein the head further includes a distal
end opposite the second articulation element, the distal end having a
cantilevered side wall extending from a distal end wall, and the distal end wall
having a stud attached thereto extending substantially parallel to the cantilevered

side wall.
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12. The surgical instrument of claim 2 further including a connection arrangement
secured to the shaft for temporarily fixedly securing any of the selected heads to
the shaft wherein the connection arrangement includes a rod coupled to the
shaft, the first joint element being coupled to the rod, the connection

5 arrangement including a plurality of resilient fingers formed in the shaft or head
for permitting the one ball or cylinder of one of said elements to be received in
and secured to the socket of the other of said elements and a rod displacement
member attached to the shaft for displacing the rod relative to the first axis to
temporarily fixedly secure the head to the shaft.

10 13.The surgical instrument of claim 8 wherein the connection arrangement
includes a sleeve coupled to the shaft, the first articulation element being
coupled to the shaft, the connection arrangement including a plurality of resilient
fingers formed in the shaft and defining the one socket, ball or cylinder,
displacement of the sleeve for displacing the fingers to either grip or release the

15 one ball or cylinder in the one socket.

14. The surgical instrument of claim 3 wherein one of the first or the second
articulation elements includes an engagement member for releasably engaging
the other articulation element, and the engagement member is adapted to allow
angular positioning between the first and second articulation elements.

20 15. The surgical instrument of claim 12 wherein both the first and the second

joint elements include mating ratchet teeth arranged in an arc, the first and
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second articulation elements being incrementally adjustable at a plurality of
angles relative to each other and the shaft by selectively mating the ratchet teeth
of the first and second articulation elements.
16.The surgical instrument of claim 1 wherein the at least two different heads are
5 selected from a group consisting of any two different head configurations, the
configurations forming categories, each category having one or more different
configurations, the categories including a chisel, an implant gripping head, an
implant impacting head, an implant inserter, a rasp, a distractor, a trial, a curette
and a rongeur.
10 17.The surgical instrument of claim 16 wherein the at least two different heads
are in the same or different categories.
18. The surgical instrument of claim 16 wherein the at least two different heads
are in different categories.
19.The surgical instrument of claim 2 wherein the shaft includes a plurality of
15 shaft sections with adjacent sections interconnected by a corresponding
articulating joint, each of the heads for selective attachment to a first shaft
section.
20.The surgical instrument of claim 19 wherein the corresponding articulating
joint comprises a convex surface on one section and a concave complementary
20 surface on the mating adjacent section.

21.The surgical instrument of claim 19 wherein the at least two different heads
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and the first shaft section have complementary surface features for articulating
mounting of either of said heads on said first shaft section.

22.The surgical instrument of claim 19 further including a connection
arrangement secured to the shaft sections for temporarily fixedly securing the
selected attached one of said heads to the first shaft section in any one of said
selected different orientations relative to the first axis.

23.The surgical instrument of claim 22 wherein the connection arrangement
includes a flexible elongated member connected to the selected attached head
and passing through each of said shaft sections from the attached head to a
second shaft section remote from the head, and a connector attached to the
second shaft section and to the elongated member for both making the
elongated member taut or loosening the elongated member to respectively
fixedly secure or release the attached head for articulation about the first shaft
section and for respectively fixedly securing the sections to each other or for
releasing the sections for relative articulation.

24. The surgical instrument of claim 23 wherein the sections have opposing ends
and hollow interior regions, further including a guide for the elongated member
in a hollow interior region of each section at a section end and having an
aperture with rounded edges, the elongated member passing through the
aperture of each guide.

25. The surgical instrument of claim 1 wherein one of the at least two heads is an
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implant inserter, the inserter having a first surface normal to the first axis for
abutting a received implant, a projection extending from the first surface and a
second surface inclined relative to the first surface and comprising a plurality of
t;iangular steps, the first joint element comprising one of a cylinder and ball and
the second joint element comprising a socket for receiving the cylinder or ball.
26.The surgical instrument of claim 1 wherein the first joint element is a
cylindrical bore in the shaft and the second joint element is a cylindrical bore in
each head including a cylinder forming a journal for rotatable mounting in at least
one of the bores of the shaft or attached head, the cylinder being arranged to
fixedly secure the shaft to the head.

27.The surgical instrument of claim 1 wherein each of said at least two heads
includes ratchet teeth arranged in an arc, each head for being rotatably secured
to the shaft by a cylinder, further including a rod coupled to the shaft having a
groove for receiving and engaging a selected one of said teeth for releasably
securing the received attached head at a predetermined orientation relative to
the axis determined by said engaged selected one ratchet tooth.

28.The surgical instrument of claim 1 including a mating position limiting
arrangement coupled to said shaft and to each of the at least two heads for
limiting the relative orientation of the attached head to the first axis.

29. The surgical instrument of claim 1 wherein one of said heads is an implant

inserter having an implant receiving face surface and a projection extending from
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the face surface for insertion into a mating implant bore, the second joint element
comprising a spherical socket, a plurality of slits for forming the socket region into
a plurality of resilient fingers and an end face opposite the implant receiving face
surface having one of a convex and concave surface for mating with a
complementary surface of the shaft.

30. The surgical instrument of claim 2 further including a rod movably attached to
the shaft, the first element comprising a ball extending from the rod for mating in
a spherical socket complementary to and for receiving the ball in each of the at
least two heads forming the second joint element, the rod being arranged for
displacing the ball in opposite directions along the first axis for selective releasing
the attached head or for fixedly securing the attached head to the shaft in a
given one of said different orientations.

31. The surgical instrument of claim 30 including an extension member extending
from the rod and attached to the ball.

32.The surgical instrument of claim 30 wherein the ball has a plurality of slits for
forming the ball into radially resilient fingers.

33.The surgical instrument of claim 30 wherein each of the at least two heads
has a socket and a plurality of slits for forming the head into a plurality of resilient
fingers for resiliently engaging the ball.

34.The surgical instrument of claim 1 wherein each of the at least two heads

includes a ball attached thereto forming the second element, the first element
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comprising a pair of resilient jaws forming a socket, the jaws being resiliently
movable relative to each other and normally biased apart to receive the ball,
further including a sleeve axially slidable on the shaft for selectively biasing the
jaws together to fixedly grip the ball.

35.The surgical instrument of claim 1 including a pair of spaced elongated
members secured to each of said at least two different heads, each elongated
member having an aperture therein, the shaft including an extension member
having opposing sides and containing said first element for engagement with the
second element and a pair of detent projections extending from the opposing
sides of the extension member, each projection for engaging an aperture to
releasably secure the selectively attached head to the shaft with the first and
second elements engaged.

36.The surgical instrument of claim 1 wherein the first element comprises a
cylindrical bore defined by a surface with a first plurality of teeth, the second
element comprising a cylinder attached to each said different head with a second

plurality of teeth which mate with and engage the first plurality of teeth to orient

the cylinder and attached head at a selected angle relative to the first axis.

37.The surgical instrument of claim 1 wherein one of the first and second
elements is a ball and the other of the first and second elements is a mating
socket for permitting articulation of the head to the shaft, one of the ball and

socket having a projection extending therefrom and the other of the ball and
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socket having a groove for receiving the projection to limit relative displacement
direction of the ball to the socket to the orientation of the groove.
38.The surgical instrument of claim 1 wherein one of the first and second
elements comprises a cylinder having a second axis defined by a surface of
5 revolution of the cylinder, the second axis having a quiescent position parallel to
the first axis, the other of the first and second elements comprising a socket
defined by a cavity with internal annular convex surface for abutting the surface
of the cylinder and arranged for the cylinder and its second axis to rock about the
convex surface in an angular orientation relative to the first axis in a plurality of
10 planes.
39. The surgical instrument of claim 1 wherein the first element comprises one of
a threaded stud or a plurality of threaded bores arranged in a plurality of different
orientations, the second element comprising the other of said threaded stud and
threaded bores, the threaded stud for selective engagement with one of the
15 selected bores so that the attached head has an orientation corresponding to
that of the selected bore.
40. The surgical instrument of claim 1 wherein the at least two heads each have
a first convex surface and the shaft has a second convex surface which engages
the first surface so that the attached head can rotate on the engaged surfaces,
20 further including first and second filaments having opposing ends, a head

actuating member movably attached to the shaft and to one end of the filaments
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for displacing the filaments in opposite axial directions along the first axis, the
filaments having an end distal the one end secured to the attached head in
spaced relation, the filaments for rotating the attached head in response to
movement of the actuating member.

41.The surgical instrument of claim 1 wherein at least one of the at least two
heads is a rongeur having a fixed tissue cutting jaw and a movable tissue cutting
jaw, the shaft and fixed jaw having mating surface features for positioning the
fixed jaw in a given relative orientation to the shaft, the movable jaw being
pivotally éecured for movement between closed and open positions relative to
the fixed jaw, and a jaw displacement mechanism attached to the shaft and
movable jaw for opening and closing the movable jaw.

42.The surgical instrument of claim 41 wherein the mechanism comprises a
movable lever attached to the shaft and a filament attached to the lever and to
the movable jaw for rotating the movable jaw in response to movement of the
lever and including a spring for biasing the movable jaw against the fixed jaw.

43. The surgical instrument of claim 41 including a rod attached to and extending
along the shaft, a rotatable knob at one rod end for axially displacing the rod
along the first axis, and a ball connected to an end of the rod opposite the knob
for engaging a mating socket in the fixed jaw.

44.The surgical instrument of claim 1 wherein one of the at least two different

heads comprises an elongated arcuate head defining an arcuate longitudinal
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axis.

45. The surgical instrument of claim 44 wherein the one head defines a complex
arcuate axis having at least two different curvatures.

46.The surgical instrument of claim 44 wherein the one head is an implant
inserter.

47. The surgical instrument of claim 44 wherein the one head has a socket for
receiving one of a cylinder or ball.

48. The surgical instrument of claim 1 wherein one head of the at least two heads
is an implant inserter.

49. The surgical instrument of claim 48 wherein the one head has opposite first
and second ends and the second element is a socket in communication with the
first end, the second end having an implant engaging surface for engaging a first
implant surface and an implant engaging projection extending from the first
implant engaging surface for engaging a mating implant bore.

50. The surgical instrument of claim 49 wherein the projection extends in a given
direction from the first implant engaging surface, the one head including at least
one implant engaging extension extending from the second end parallel to the
given direction for engaging a second surface of a received implant transverse to
the first implant engaging surface.

51. The surgical instrument of claim 50 including a parallel pair of the at least

one implant engaging extensions forming a rectangular cavity in the one head
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with the implant second end engaging surfaée for engaging first, éecond and
third mating surfaces of the received implant.
52.A surgical instrument for processing an intervertebral disc space and/or for
insertion of a spinal implant into the processed space comprising:
5 a shaft having a first axis;
a first joint element coupled to the shaft; and
at least two different heads for said processing and/or insertion, each of
the different heads for selective attachment to the shaft, each head having a
second axis and a second joint element which mates with the first joint element,
10 the first and second joint elements forming a joint for permitting positioning the
second axis of each selected head in any of a plurality of different orientations
relative to the first axis.
53. A spinal implant insertion or intervertebral space processing instrument
head for an instrument having a shaft comprising:
15 a body having first and second ends and defining a longitudinal axis;
a surface adjacent to the first end for said space processing or implant
insertion; and
one of a ball, cylinder or socket adjacent to the second end for attachment
to a mating insertion or intervertebral space processing instrument shaft.
20 54. The head of claim 53 wherein the head is an implant inserter and the body

has a first surface at the first end for mating with and abutting a spinal implant
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surface |

55.The head of claim 54 wherein the body is arcuate and defines an arcuate
curved longitudinal axis.

56. The head of claim 54 further including an extension for abutting a surface of
the implant parallel to the body longitudinal axis at the first surface.

57. The head of claim 56 including a cutting edge extending from the body on a
side of the body opposite the extension.

58. The head of claim 56 wherein the extension has an inclined surface for
abutting a mating surface of the implant.

59. The head of claim 58 wherein the inclined surface is formed with a plurality
of steps.

60. The head of claim 53 including an implant receiving projection extending
from the first surface.

61. The head of claim 53 wherein the body includes a plurality of slits for
forming a portion of the body into radially resilient fingers.

62. The head of claim 53 wherein the body has a surface at the second end that
is one of concave or convex.

63. The head of claim 53 including said ball, the body and ball having slits for
forming said ball into a plurality of radially resilient fingers.

64. The head of claim 53 wherein the body includes a bore defining an axis of

rotation for receiving a journal about which the body can rotate, and a plurality of
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teeth extending from the body second end and arranged in an arc about the axis.
65. The head of claim 64 wherein the head is an implant inserter, further
including a projection extending from the body second end for engaging a recess
in the implant insertion instrument to which the head is attached to limit the
angular extent that the body can rotate relative to the instrument.

66. The head of claim 66 wherein the extension has an arcuate implant abutting
surface.

67. The head of claim 53 including an extension extending from the body second
end, and one of a ball or cylinder at an end of the extension remote from the
body second end.

68. The head of claim 53 wherein the instrument has detent projections
extending therefrom at opposite instrument sides, the body has opposing sides,
further including a pair of spaced elongated members, a different member being
secured to each of the opposite sides, each elongated member having an
aperture therein for receiving the detent projection for releasably securing the
head to the instrument.

69. The head of claim 53 including one of a threaded stud or threaded bore in
the body surface at the second end, the threaded bore comprising a plurality of
bores arranged in an array at different angular orientations to the body
longitudinal axis.

70. The head of claim 53 wherein the body includes a connection structure for
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fastening a pair of spaced filaments to the body at the second end.

71. The head of claim 53 wherein the body forms a rongeur jaw and further
including a second jaw, the jaws for cutting tissue, the second jaw being rotatably
attached to the first jaw.

72. The head of claim 53 wherein the body includes a rasp surface.

73. The head of claim 53 wherein the body includes a chisel with a bone cutting
blade.

74. The head of claim 73 wherein the chisel includes a pair of spaced side walls
extending from the body and terminating at said blade.

75. The head of claim 53 wherein the body includes any one of the group
consisting of an implant inserter, an implant impactor, a chisel, a rasp, a trial, a
curette, a rongeur and a distractor.

76. The head of claim 53 wherein the body is elongated and arcuate along said
longitudinal axis.

77. The head of claim 76 wherein the body has a plurality of different curvatures
wherein the longitudinal axis has different curvatures corresponding to the
curvatures of said body.

78. The head of claim 53 wherein the body comprises a circular cylinder
defining said longitudinal axis.

79. The head of claim 53 wherein the body has an internal spherical socket and

a slit in a body outer surface in communication with the internal socket for
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receiving a ball and extension member attached to the ball in translation

therethrough.
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