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(57) ABSTRACT 

An interbody fusion device in one embodiment includes a 
tapered body de?ning a holloW interior or chamber for 
receiving bone graft or bone substitute material. The body 
de?nes exterior threads Which are interrupted over portions 
of the outer surface of the device. The fusion device includes 
truncated side Walls so that on end vieW the body takes on 

a cylindrical form. In another embodiment, the tapered body 
is solid and formed of a porous biocompatible material 
having suf?cient structural integrity to maintain the intra 
discal space and normal curvature. The material is prefer 
ably a porous tantalum composite having fully intercon 
nected pores to facilitate complete bone tissue ingroWth into 
the implant. In further embodiments, the fusion devices are 
provided With osteogenic material to facilitate bone 
ingroWth. A cap is also provided to block the opening of 
holloW fusion devices. The cap includes an occlusion body 
and an elongated anchor. In some embodiments the anchor 
includes a lip Which is engageable to openings in the body 
Wall. Tools are also provided for manipulating caps for 
interbody fusion devices. In one embodiment the tool 
includes a pair of prongs each having facing engagement 
surfaces for engaging the fusion device, and a shaft slidably 
disposed betWeen the prongs. The shaft has a ?rst end 
de?ning a cap-engaging tip for engaging a tool hole in the 
cap. In one embodiment the cap engaging tip de?nes 
threads. In another embodiment the prongs include a pair of 
releasing members on each of the facing engagement sur 
faces. The releasing members have a height and a Width for 
being insertable into apertures in a body Wall in the fusion 
device to disengage the elongate anchors from the apertures. 
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SPINAL FUSION IMPLANTS AND TOOLS FOR 
INSERTION AND REVISION 

[0001] The present application is a continuation of Ser. 
No. (attorney docket # 4002-740), ?led on Feb. 11, 
1997, Which is a continuation-in-part of co-pending appli 
cation Ser. No. 08/603,674, ?led on Feb. 19, 1996 Which is 
a continuation-in-part of co-pending application Ser. No. 
08/413,353, ?led on Mar. 30, 1995 Which is a continuation 
in-part of co-pending application Ser. No. 08/411,017, ?led 
on Mar. 27, 1995. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to an arti?cial implant 
to be placed into the intervertebral space left after the 
removal of a damaged spinal disc. Speci?cally, the invention 
concerns an implant that facilitates arthrodesis or fusion 
betWeen adjacent vertebrae While also maintaining or restor 
ing the normal spinal anatomy at the particular vertebral 
level. 

[0003] The number of spinal surgeries to correct the 
causes of loW back pain has steadily increased over the last 
several years. Most often, loW back pain originates from 
damage or defects in the spinal disc betWeen adjacent 
vertebrae. The disc can be herniated or can be suffering from 
a variety of degenerative conditions, so that in either case the 
anatomical function of the spinal disc is disrupted. The most 
prevalent surgical treatment for these types of conditions has 
been to fuse the tWo vertebrae surrounding the affected disc. 
In most cases, the entire disc Will be removed, except for the 
annulus, by Way of a discectomy procedure. Since the 
damaged disc material has been removed, something must 
be positioned Within the intradiscal space, otherWise the 
space may collapse resulting in damage to the nerves 
extending along the spinal column. 

[0004] In order to prevent this disc space collapse and to 
stabiliZe the spine, the intradiscal space is ?lled With bone or 
a bone substitute in order to fuse the tWo adjacent vertebrae 
together. In early techniques, bone material Was simply 
disposed betWeen the adjacent vertebrae, typically at the 
posterior aspect of the vertebrae, and the spinal column Was 
stabiliZed by Way of a plate or a rod spanning the affected 
vertebrae. With this technique once fusion occurred the 
hardWare used to maintain the stability of the segment 
became super?uous. Moreover, the surgical procedures nec 
essary to implant a rod or plate to stabiliZe the level during 
fusion Were frequently lengthy and involved. 

[0005] It Was therefore determined that a more optimum 
solution to the stabiliZation of an excised disc space is to 
fuse the vertebrae betWeen their respective end plates, most 
optimally Without the need for anterior or posterior plating. 
There have been an extensive number of attempts to develop 
an acceptable intradiscal implant that could be used to 
replace a damaged disc and yet maintain the stability of the 
disc interspace betWeen the adjacent vertebrae, at least until 
complete arthrodesis is achieved. These “interbody fusion 
devices” have taken many forms. For example, one of the 
more prevalent designs takes the form of a cylindrical 
implant. These types of implants are represented by the 
patents to Bagby, US. Pat. No. 4,501,269; Brantigan, US. 
Pat. No. 4,878,915; Ray, US. Pat. Nos. 4,961,740 and 
5,055,104; and Michelson, US. Pat. No. 5,015,247. In these 
cylindrical implants, the exterior portion of the cylinder can 
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be threaded to facilitate insertion of the interbody fusion 
device, as represented by the Ray, Brantigan and Michelson 
patents. In the alternative, some of the fusion implants are 
designed to be pounded into the intradiscal space and the 
vertebral end plates. These types of devices are represented 
by the patents to Brantigan, US. Pat. Nos. 4,743,256; 
4,834,757 and 5,192,327. 

[0006] In each of the above listed patents, the transverse 
cross section of the implant is constant throughout its length 
and is typically in the form of a right circular cylinder. Other 
implants have been developed for interbody fusion that do 
not have a constant cross section. For instance, the patent to 
McKenna, US. Pat. No. 4,714,469 shoWs a hemispherical 
implant With elongated protuberances that project into the 
vertebral end plate. The patent to KuntZ, US. Pat. No. 
4,714,469, shoWs a bullet shaped prosthesis con?gured to 
optimiZe a friction ?t betWeen the prosthesis and the adja 
cent vertebral bodies. Finally, the implant of Bagby, US. 
Pat. No. 4,936,848 is in the form of a sphere Which is 
preferably positioned betWeen the centrums of the adjacent 
vertebrae. 

[0007] Interbody fusion devices can be generally divided 
into tWo basic categories, namely solid implants and 
implants that are designed to permit bone ingroWth. Solid 
implants are represented by US. Pat. Nos. 4,878,915; 4,743, 
256; 4,349,921 and 4,714,469. The remaining patents dis 
cussed above include some aspect that permits bone to groW 
across the implant. It has been found that devices that 
promote natural bone ingroWth achieve a more rapid and 
stable arthrodesis. The device depicted in the Michelson 
patent is representative of this type of holloW implant Which 
is typically ?lled With autologous bone prior to insertion into 
the intradiscal space. This implant includes a plurality of 
circular apertures Which communicate With the holloW inte 
rior of the implant, thereby providing a path for tissue 
groWth betWeen the vertebral end plates and the bone or 
bone substitute Within the implant. In preparing the intra 
discal space, the adjacent end plates are preferably reduced 
to bleeding bone to facilitate this tissue ingroWth. During 
fusion, the metal structure provided by the Michelson 
implant helps maintain the patency and stability of the 
motion segment to be fused. In addition, once arthrodesis 
occurs, the implant itself serves as a sort of anchor or 
scaffold for the solid bony mass. 

[0008] A number of dif?culties still remain With the many 
interbody fusion devices currently available. While it is 
recogniZed that holloW implants that permit bone ingroWth 
into bone or bone substitute Within the implant are an 
optimum technique for achieving fusion, most of the prior 
art devices have difficulty in achieving this fusion, at least 
Without the aid of some additional stabiliZing device, such as 
a rod or plate. Moreover, some of these devices are not 
structurally strong enough to support the heavy loads and 
bending moments applied at the most frequently fused 
vertebral levels, namely those in the loWer lumbar spine. 

[0009] There has been a need for providing a holloW 
interbody fusion device that optimiZes the bone ingroWth 
capabilities but is still strong enough to support the spine 
segment until arthrodesis occurs. It has been found by the 
present inventors that openings for bone ingroWth play an 
important role in avoiding stress shielding of the autologous 
bone impacted Within the implant. In other Words, if the 


































