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ABSTRACT 

This invention provides a method for manufacture of 
(21) Appl, No; 09/782,594 autograft, allograft and Xenograft implants Which comprises 

assembling such implants from smaller pieces of graft 
(22) Filed: Feb. 12, 2001 materials to form a larger graft implant product. 
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SECTION A-A SCALE 2 l 



Patent Application Publication Oct. 18, 2001 Sheet 11 0f 14 US 2001/0031254 A1 

?'gurf Z3 
_CYLJAP a JOMQQ 1- *“— 





Patent Application Publication Oct. 18, 2001 Sheet 13 0f 14 US 2001/0031254 A1 

eavxw 

gmxw 204) 0:0: 936 

QQQ 
m5 

3, 



Patent Application Publication Oct. 18, 2001 Sheet 14 0f 14 US 2001/0031254 A1 



US 2001/0031254 A1 

ASSEMBLED IMPLANT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of pend 
ing provisional application serial No. 60/181,622, ?led Feb. 
10, 2000, pending, and of application serial Nos. 09/191, 
132, ?led on Nov. 13, 1998, pending; and of 09/378,527, 
?led on Aug. 20, 1999, pending; and of 09/370,194, ?led on 
Sep. 7, 1999, pending; 29/123,227, ?led May 12, 2000, 
pending; the priority of all of Which is claimed herein under 
35 U.S.C. Section 120. 

FIELD OF THE INVENTION 

[0002] This invention relates to implants and methods for 
their preparation Wherein components of the implant are 
assembled from constituent pieces to produce a complete 
irnplant. 

BACKGROUND OF THE INVENTION 

[0003] In the ?eld of medicine, there has been an increas 
ing need to develop irnplant materials for correction of 
biological defects. Particularly in the ?eld of orthopedic 
rnedicine, there has been the need to replace or correct bone, 
ligament and tendon defects or injuries. As a result, there 
have emerged a number of synthetic irnplant materials, 
including but not limited to rnetallic irnplant materials and 
devices, devices composed in Whole or in part from poly 
meric substances, as Well as allograft, autograft, and 
Xenograft irnplants. It is generally recogniZed that for 
implant materials to be acceptable, they must be pathogen 
free, and must be biologically acceptable. Generally, it is 
preferable if the implant materials may be rernodeled over 
time such that autogenous bone replaces the implant mate 
rials. This goal is best achieved by utiliZing autograft bone 
from a ?rst site for implantation into a second site. HoWever, 
use of autograft materials is attended by the signi?cant 
disadvantage that a second site of morbidity must be created 
to harvest autograft for implantation into a ?rst diseased or 
injured site. As a result, allograft and Xenograft implants 
have been given increasing attention in recent years. HoW 
ever, use of such materials has the disadvantage that human 
allograft materials are frequently loW in availability and are 
high in cost of recovery, treatment and preparation for 
implantation. By contrast, While Xenograft irnplant materi 
als, such as bovine bone, may be of ready availability, 
immunological and disease transmission considerations 
irnply signi?cant constraints on the ready use of such 
materials. 

[0004] In vieW of the foregoing considerations, it remains 
the case that there has been a long felt need for unlimited 
supplies of biologically acceptable irnplant materials for 
repair of bone and other defects or injuries. This invention 
provides a signi?cant advance in the art, and largely rneets 
this need, by providing materials and methods for produc 
tion of essentially any form of implant frorn component 
parts to produce assernbled irnplants. 

[0005] In recent months, there have appeared several 
patents and patent publications Which address similar or 
identical considerations to those to Which the present inven 
tion disclosure is directed. Speci?cally, reference is made to 
PCT publication WO00/40177, Which published on Jul. 13, 
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2000, the disclosure of Which is hereby incorporated by 
reference as if fully set forth herein. 

[0006] In addition, reference is made herein to US. Pat. 
No. 5,899,939 to Boyce, Which issued on May 4, 1999, the 
disclosure of Which is hereby incorporated by reference as if 
fully set forth herein. 

[0007] Finally, reference is made herein to US. Pat. No. 
6,025,538 to Yaccarino, Which issued on Feb. 15, 2000, the 
disclosure of Which is hereby incorporated by reference as if 
fully set forth herein. 

SUMMARY OF THE INVENTION 

[0008] This invention provides a method for manufacture 
of autograft, allograft and Xenograft irnplants Which corn 
prises assernbling such irnplants from smaller pieces of graft 
materials to form a larger graft irnplant product. 

[0009] Accordingly, it is one object of this invention to 
provide a method for assembly of multiple bone irnplant 
shapes from smaller bone irnplant pieces. 

[0010] Another object of this invention is to provide 
assernbled bone irnplants. 

[0011] Another object of this invention is to provide a 
method Whereby otherWise Wasted tissue may be used in the 
production of useful orthopedic irnplants. 

[0012] Further objects and advantages of this invention 
Will be appreciated from a revieW of the complete disclosure 
and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Attached to this invention disclosure are a large 
number of sketches which demonstrate a Wide variety of 
assernbled irnplants Which may be prepared and used 
according to this invention. 

[0014] FIG. 1 is a How chart shoWing the formation of 
various sub-cornponent parts of an assernbled irnplant 
according to this invention, from which assernbled implants 
and a kit cornprising these parts may be formed according to 
the disclosure of this invention. 

[0015] FIG. 2 provides a schematic of an assernbled 
irnplant according to this invention. 

[0016] FIG. 3 provides a schematic of an assernbled 
irnplant according to this invention. 

[0017] FIGS. 4-7 provides a schematic of an assernbled 
irnplant according to this invention. 

[0018] FIGS. 8-9 provides a schematic of an assernbled 
irnplant according to this invention. 

[0019] FIGS. 10-14 provides a schematic of an assernbled 
irnplant according to this invention. 

[0020] FIGS. 15-18 provides a schematic of an assernbled 
irnplant according to this invention. 

[0021] FIG. 19 provides a schematic of an assernbled 
irnplant according to this invention. 

[0022] FIG. 20 provides a schematic of an assernbled 
irnplant according to this invention. 
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[0023] FIG. 21 provides a schematic of an assembled 
implant according to this invention. 

[0024] FIG. 22 provides a schematic of an assembled 
implant according to this invention. 

[0025] FIG. 23 shoWs the assembly of a doWel from 
component pieces. 

[0026] FIG. 24 shoWs the reinforcement of an implant 
using a cortical bone pin. 

[0027] FIG. 25 shoWs the reinforcement of an implant 
using a cortical bone pin and a cortical bone disk. 

[0028] FIG. 26 shoWs the reinforcement of cancellous 
bone implants using a plurality of cortical bone pins. 

[0029] FIG. 27 shoWs the formation of an assembled 
implant comprising soft and hard tissues. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] Currently, autograft, allograft and xenograft prod 
ucts are produced as solid, continuous materials. For 
example, bone doWels (see US. Pat. No. 5,814,084, hereby 
incorporated by reference), Smith-Robinson cervical spine 
implants, iliac crest grafts, and the like are harvested and 
machined from single, continuous pieces of bone. The 
present invention provides methods for manufacture of 
autograft, allograft and xenograft implants by assembling 
such implants from smaller pieces of graft materials to form 
a larger graft implant product. As a result, increased utili 
Zation of valuable implant materials is achieved, thereby 
more effectively meeting the ever-increasing demands for 
graft implant materials. In addition, greater ?exibility is 
achieved in the types and shapes of implant materials is 
achieved. Essentially, any implant piece that may be 
required may be formed according to the present invention, 
and orthopedic surgeons may be provided With kits of 
assemblable parts Which may be formed in the course of a 
surgical procedure to precisely meet the needs of a given 
patient or procedure. In yet another aspect of this invention, 
existing graft products may be strengthened or reinforced by 
assembly of different types of graft materials into an 
assembled product. One example of such a reinforced prod 
uct is a cancellous Wedge, block, doWel or the like into 
Which is inserted reinforcing pins of cortical bone. As a 
result, those skilled in the art Will understand from this 
disclosure that different sections of tissue may be assembled 
to make a complete graft implant. Furthermore, this inven 
tion provides for the product of assembled implants com 
prising any one or combinations of allograft materials, 
autograft materials, xenograft materials, synthetic materials, 
metallic materials and the like. Furthermore, the assembled 
implants or the component pieces Which are combined to 
form the assembled implant may be pretreated or treated 
after assembly to incorporate any desired biologically active 
or inert materials. Thus, for example, in an assembled bone 
doWel implant according to this invention, the assembled 
bone doWel comprises segments of cortical bone pinned to 
each other by means of cortical bone pins. Prior to assembly 
or after assembly, the graft materials are soaked, infused, 
impregnated, coated or otherWise treated With bone mor 
phogenetic proteins (BMP’s), antibiotics, groWth factors, 
nucleic acids, peptides, and the like. 
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[0031] It Will be appreciated that variously shaped Wafers, 
blocks, rings, Washer-shaped bone pieces and the like may 
be affixed to each other in any secure and biologically 
acceptable manner. Preferably, the assembled pieces of bone 
are af?xed to each other by means of pins, screWs, rods, 
interference ?t, threaded ?ts, key-Way ?t, and the like made 
from cortical bone. These ?xation pieces are machined in a 
CNC lathe or the like to appropriate dimensions and are then 
threaded into mating holes tapped in the pieces to be 
assembled, or are pressed into drilled holes through adjacent 
pieces to be assembled by a pneumatic press or the like. In 
this fashion, very strong and tightly ?tted pieces of implant 
materials may be joined and implanted. The assembled 
pieces may ?rst be machined to desired dimensions and 
shapes, prior to assembly, the assembled implant may be 
machined, or both. 

[0032] As noted above, the implant according to this 
invention may comprise an assembled cancellous block, 
doWel or the like, harvested from the iliac crest or another 
suitable site. As is knoWn in the art, due to the Wafer-like 
structure of cancellous bone, such grafts have loW load 
bearing characteristics. There exist reports in the literature of 
instances of extrusion, expulsion or collapse of iliac crest 
Wedges, CloWard DoWels, and the like When utiliZed, for 
example, in spinal fusions. Nonetheless, use of cancellous 
bone is preferable over use of cortical bone implants, since 
cancellous bone is more osteoconductive than cortical bone. 
According to this invention, a CloWard DoWel, iliac crest 
Wedge, or cancellous bone block, doWel or the like is 
reinforced by insertion therein of cortical bone pins. Accord 
ing to the method of this invention, cortical implants may 
also be reinforced by insertion therein of cortical bone pins, 
including When an assembled implant is prepared compris 
ing different segments of cortical bone, cancerous bone or 
both. Insertion of the reinforcing pins provides an implant 
With multiple load-bearing pillars. The pins may be made to 
protrude from the surface of the implant to engage With 
inferior, superior or both surfaces of bone betWeen Which the 
implant is inserted. Thus, in a spinal implant, pin protrusions 
may be employed to created contact betWeen the implant 
and the vertebral bodies, thus preventing extrusion and 
reinforcing a secure ?t of the implant betWeen adjacent 
vertebrae. We have, surprisingly, found that cortical pins of 
about 4.5 mm in diameter may each support a load of up 
about 2700 neWtons (160 Mpa). Thus, according to the 
method of this invention, multiple pins may be inserted into 
an implant to produce a load-bearing capacity of knoWn 
proportions (e.g. 10,000 neWtons by insertion of ?ve pins). 
[0033] A further advantage of this invention is that it 
permits use of tissues that are not currently amenable to 
standard autograft, allograft or xenograft harvesting and 
processing procedures, such as ribs, metatarsal bone and the 
like. In addition, usefull implant materials may be harvested 
and produced from otherWise un-useable donor tissues. In 
addition, due to the different nature of various segments of 
bone that are incorporated into the assembled, reinforced 
implants of this invention, various shaping methods aside 
from CNC lathe or other knoWn procedures may be applied 
to different segments of the implant. Thus, a cancellous 
portion of bone implant may be compression molded, and 
then af?xed to other portions of cortical or cancellous bone 
machined according to different or similar principles. In 
addition, due to the ability provided by this invention to 
assemble implant pieces, implants of unusual siZes and 



US 2001/0031254 A1 

dimensions may be prepared and machined. Thus, implants 
of 100 mm in siZe could be machined, for example, for 
corpectomies, When otherwise bone stock for manufacture 
of such implant dimensions Would not be available. 

[0034] In vieW of the present disclosure, it Will be appre 
ciated that this invention provides a Wide variety of 
assembled implants and implant parts: doWel shaped 
implants comprising assembled doWel segments, betWeen 
about tWo to about ten segments, pinned together by one or 
more cortical bone pins. The assembled segments may 
closely abut each other or may be spread apart from each 
other. Such implants may be prepared by harvesting disks of 
cortical bone, drilling and optionally tapping holes therein, 
and inserting shafts of cortical pins therethrough, or therein, 
optionally by threading portions thereof for torquing into 
optionally tapped holes. The thus produced doWels may be 
tapered or have parallel sides. In addition, doWels Which are 
harvested as a cross-section across the intramedullary canal 
of a long bone, as in US. Pat. No. 5,814,084, Which might 
otherWise not pass production speci?cations, due to pen 
etration of one outside Wall into the intramedullary canal, 
may be completed by insertion therein of a cortical pin. 
Likewise, Where a sideWall is otherWise considered to be too 
narroW, a “doughnut” of bone may be af?Xed to the sideWall 
by means of a cortical pin. A longer doWel may be prepared 
by af?Xing tWo doWels to each other. Aposterior longitudi 
nal interbody fusion implant (PLIF) may be machined from 
a single piece of cortical bone, or be assembled from tWo 
pieces of bone Which are affixed to each other by means of 
a cortical pin. Abone screW may also be prepared according 
to the method of this invention by af?Xing multiple pieces of 
cortical bone to each other With a cortical bone pin, and then 
machining a thread on the eXterior of the assembled bone 
pieces. It Will further be appreciated from this disclosure that 
different portions of the assembled implant may be dem 
ineraliZed, to achieve a level of elasticity or compressibility 
not otherWise present in cortical or cancellous bone. Differ 
ent portions of bone may also be retained on a shaft by 
means of a cotter-pin type device. 

[0035] In addition to assembled implants, instruments may 
be conveniently prepared according to the methods of this 
invention Which may be utiliZed for insertion of other 
implants. In one embodiment of this invention, therefore, an 
implant driver is produced Wherein the driving mechanism 
itself is formed from assembled cortical pins Which protrude 
into mating recesses in an implant device. The instrument 
may be torqued to adequate loads to induce implantation of 
spinal implants and the like. 

[0036] In developing the various embodiments of the 
present invention, one technical issue of merit is the need to 
develop a process Whereby donor tissue, Whether hard or 
soft tissue, allograft or Xenograft tissue, may be treated in 
such a fashion as to eliminate the possibility of cross 
contamination betWeen tissue segments obtained from dif 
ferent sources. While it is possible to practice the present 
invention to advantage using tissue obtained from a single 
screened donor, the real economies of scale and commer 
cially viable application of the present technology is best 
realiZed by implementation of an efficient and reliable tissue 
decontamination process. Ideally, the process is one Which 
permits multiple segments of soft or hard tissue to be treated 
simultaneously so that a stock of materials for assemblage of 
implants according to the present invention is facilitated. 
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Accordingly, on preferred method for treatment of tissue, 
disclosed in PCT publication WO 00/29037, the disclosure 
of Which is hereby incorporated herein by reference as if 
fully set forth herein (and priority of the US Patent ?lings 
Which gave rise to this application is hereby claimed for that 
purpose). Accordingly, in this aspect of the invention, a 
process is claimed Whereby an assembled allograft or 
Xenograft tissue implant is prepared by treating the tissue in 
a closed container in Which different cleaning solutions are 
contacted With the implant segments, either before or after 
assembly and machining into the ?nal implant form, either 
in the presence or absence of sonication, With rapid oscil 
lation of pressure in the closed container, to achieve deep 
cleaning and interpenetration of cleaning solvents into the 
interstices of porous implants or tissues. Solutions includ 
ing, but not limited to detergent solutions, peroXide solutions 
and the like are used in such procedure, and terminal 
steriliZation With gamma irradiation, gaseous sterilants 
knoWn in the art or other terminal steriliZation procedures 
knoWn in the art are employed to ensure safe implantation of 
the assembled implants according to this invention. 

[0037] Referring noW to FIG. 1, there is shoWn a ?oW 
chart representing various elements that may be processed 
and assembled according to this invention. Cortical bone 
pins 100 are used to assemble a series of bone disks 101 into 
a pre-part 102 Which is then machined into a series of ?nal 
products: Threaded doWels, 103; small blocks 104; unique 
shapes, 105 such as a “Wedding-cake” like shape Wherein 
disks bearing threads are spaced apart from each other 
leaving voids 105‘ into Which additional materials may be 
inserted, With the disks retained in ?Xed relation to each 
other by means of the through pins 100; tapered doWels 106; 
screWs 107; smooth cylinders 108; or large blocks 109. 
From this ?gure, it Will be appreciated that a central concept 
relevant to the present invention is the ability to machine 
smaller parts of tissue, speci?cally bone tissue, such as 
cortical bone, cancellous bone, cortical-cancellous bone, 
portions of Which may be demineraliZed (see, for example, 
US. Pat. No. 6,090,998, hereby incorporated herein by 
reference for this purpose), and assemble these portions of 
tissue using, preferably, cortical bone pins. The assembled 
tissue pieces may be machined prior to assembly, and then, 
upon assembly, a complete implant is ready for implanta 
tion. Alternatively, the tissue pieces may ?rst be assembled, 
and the assembled pieces may then be machined into any 
desired ?nal form. The order of assembly and machining 
Will be determined by the speci?c forms of implant required 
for a particular application. In FIG. 1, a series of pre 
machined tissue forms are disclosed, Which may conve 
niently be included in a kit for use as needed by an 
orthopedic surgeon. Thus, for eXample, Where a particular 
implant of speci?c dimensions is required, the surgeon is 
able to select pre-shaped implant segments to ?ll a particular 
geometric space and shape in the spine of an implant 
recipient. Numerous permutations and combinations of 
implant pieces for assembly are possible, based on the 
pre-machined assemblable implant pieces included in such a 
kit, and those skilled in the art Will appreciate that the skilled 
orthopedic surgeon Will be able to create implants as needed 
When supplied With such a kit. Thus, a preferred kit includes 
disks of bone, cortical bone, cancellous bone, allograft or 
Xenograft, also referred to herein as “Washers” or “dough 
nuts” such that a center hole is provided for press-?tting or 
screWing on of the disks to a cortical bone or synthetic or 
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metallic shaft or pin. The disks may be demineraliZed, 
mineraliZed, or partially demineraliZed. Also desirable in 
such a kit are plugs of cortical bone, cancellous bone, or 
cortical-cancellous bone, including at least one through hole, 
and optionally more than one such through hole, for inser 
tion of pins therethrough. Ovals, squares, rectangles and 
irregular shapes may also be provided in certain kits for 
speci?c applications. It Will further be appreciated, based on 
the present disclosure, that inclusion of a bone paste, such as 
that disclosed in WO99/38543, hereby incorporated by 
reference, may be bene?cial for ?lling any voids that 
remain, and to implant With the assembled implant, osteo 
genic material, (i.e. osteoconductive material, Osteoinduc 
tive material, or both, as Well as material that assists in 
adhering the implant to the site of implantation). Further, a 
molded implant may be combined With the assembled 
implant of this invention. A preferred molded implant for 
orthopedic applications is disclosed in PCT publication WO 
00/54821, the disclosure of Which is hereby incorporated by 
reference. 

[0038] With reference to FIG. 2, there is shoWn tWo 
machined bone pieces, T and Z each of Which bear external 
threading X and holes Y into Which pins A are inserted to 
form the assembled graft 200. As can be seen, the assembled 
graft 200 comprises a void, 201 into Which osteogenic 
material may be inserted prior to or after implantation. The 
pins Y may be metal pins, but preferably are pins machined 
from cortical bone. This enables the entire implant to 
remodel into autogenous tissue over time, such as vertebral 
bone, When the implant 200 is inserted into the intervertebral 
space. The graft 201 is also shoWn With a groove, 202 in 
Which a driver may be inserted to provide rotational torque 
for insertion of the implant. An instrument attachment hole, 
203, is also provided, to ensure that the implant remains 
securely on the head of the driver means in the process of 
surgical implantation. Naturally, those skilled in the art Will 
appreciate that the segments Z and T may be brought into 
close abutment With each other, thereby eliminating the 
space 201. In that event, the length of the pins A Would be 
modi?ed to prevent unnecessary protrusion, although in 
some applications, protrusion may be useful When driving 
the implant 200 into place. It Will also be appreciated that the 
number of pins used, While represented as tWo in this ?gure, 
may be feWer or more in number, depending on the particu 
lar application, the extent of torsional or compressive loads, 
and the like anticipated to be experienced by the implant 
once in situ. 

[0039] FIG. 3 shoWs an implant assembled from three 
principal segments F, D, and E, Which are held together by 
pins 300. In this implant, the Waffle-shaped structure of 
implant segment D is intended to represent the use of 
cancellous bone, Which is abutted on either side by cortical 
bone, Which forms segments F and E. The fully assembled 
implant is shoWn in FIG. 4, While FIGS. 5, 6 and 7 shoW 
end-on vieWs, and cross sectional vieWs A-A and B-B, 
respectively. Those skilled in the art Will appreciate from 
this disclosure that segment F, segment D, or segment E may 
be demineraliZed according to methods knoWn in the art. 
LikeWise, all of these segments may be demineraliZed. 
Where a ?exible implant is required, the implant may be 
assembled, and the entire implant may be demineraliZed. 

[0040] FIG. 8 shoWs an embodiment of this invention 
Wherein rectangular bone segments N and G are assembled 
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into implant 900, shoWn in FIG. 9. Features 901 and 902 
Which comprises ridges, teeth, or other external features are 
machined into the superior and inferior faces of the implants 
in order to assist in retention of the implants once placed in 
situ. 

[0041] FIGS. 10-14 shoW the assembly of elements J, H, 
and I into implant 1100, shoWn end-on, in cross-section A-A 
and B-B, in FIGS. 12-14, respectively. As can be seen, bone 
element H is shoWn With a Waffle-like structure, to represent 
that this element may be cancellous bone, demineraliZed 
bone, a polymer composite, such as poly-L-Lactic acid, 
polyglycolic acid, or the like. Features 1101 and 1102 
represent external grooves or teeth machined into the supe 
rior and inferior surfaces of the implant to assist in retention 
of the implant once placed in situ. 

[0042] FIGS. 15-18 shoW the assembly of elements M, K, 
and L, each of Which is a substantially cubic bone element, 
using pins 1500. FIG. 17 is a top vieW, shoWing cross 
section A-A, represented in FIG. 18, With the ?nal 
assembled implant 1600 shoWn in FIG. 16. 

[0043] FIG. 19 shoWs a “Wedding-Cake” design of an 
implant 1900 assembled from units A-C, pinned together by 
pins a-c. Void area 1901 is available for ?lling With osteo 
genic materials. 

[0044] FIG. 20 shoWs implant 2000 Which is an 
assembled Cervical Smith Robinson implant similar to that 
shoWn in PCT publication WO99/09914, hereby incorpo 
rated by reference, except that this implant is fashioned from 
a series of assembled bone pieces 2001 and machined into 
the desired ?nal shape. 

[0045] FIG. 21 shoWs implant 2100 assembled from tWo 
cortical bone pieces and one cancellous bone piece, and 
pinned together. The implant has an anterior height H1 
Which is smaller than posterior height H2, Which permits 
retention of correct spinal lordosis upon implantation, for 
example, in a posterior lumbar intervertebral implant ?xa 
tion procedure. Superior and inferior features 2101, 2102 
prevent expulsion of the implant once place in situ. 

[0046] FIG. 22 shoWs an implant 2200 assembled from a 
series of sub-implant pieces 2201. The implant may contain 
cancellous bone 2202 segments, as Well as cortical bone 
2203 segments and cortical bone pins 2204. 

[0047] FIG. 23 shoWs the formation of a tapered doWel 
2300 by assembling “doughnut” or “disk” or “Washer” 
shaped bone pieces 2301 on a cortical bone shaft 2302 by 
using Washer pieces of differing diameter. This ?gure only 
shoWs tWo disks, but a continuous doWel is formed by using 
disks of a graded diameter betWeen each end of the cortical 
bone shaft 2302. In FIG. 24, FIG. 24A shoWs a bone doWel 
in Which one sideWall of a bone doWel 2400 such as that 
disclosed and claimed in US. Pat. No. 5,814,084, hereby 
incorporated by reference, is “out of speci?cations” due to 
being too narroW or absent. This is repaired in FIG. 24B 
according to this embodiment of the invention by incorpo 
ration of an allograft or xenograft cortical bone pin 2401, to 
form a complete bone doWel. In this manner, valuable 
biological material Which might otherWise be unusable for a 
particular application may be salvaged for use by employing 
the methodology of this invention. 

[0048] In FIG. 25, a similar procedure for salvaging a 
doWel 2500 is shoWn Whereby a pin 2501 is driven through 
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the center of the doWel 2500 to reinforce the doWel longi 
tudinally. Furthermore, Where an endcap 2503 of the doWel 
is “out of spec” for being too narrow, the endcap is rein 
forced by press-?tting a cortical bone disk 2502 onto the end 
of the pin 2501. 

[0049] In FIG. 26, a series of cancellous bone implants 
2600 are reinforced by inclusion therein of a series of 
cortical pins 100. Each cortical pin of a 2 mm diameter has 
been found to support approximately 2000 neWtons of axial 
compressive load. Accordingly, cancellous bone implants of 
essentially any desired height and compressive strength may 
be assembled in this manner by af?xing several layers of 
cancellous bone With cortical bone pins. Naturally, based on 
this disclosure, those skilled in the art Will appreciate that 
other materials may be included in such a “sandWich” of 
bone materials. The cancellous bone may be soaked in a 
solution containing groWth factors, such as, but not limited 
to, bone morphogenetic proteins, ?broblast groWth factors, 
platelet derived groWth factor, cartilage derived morphoge 
netic proteins, stem cells, such as mesenchymal stem cells, 
osteoprogenitor cells, antibiotics, antuin?ammatory com 
pounds, anti-neoplastic compounds, nucleic acids, peptides, 
and the like. Those skilled in the art Will also appreciate that 
layers of cortical bone may be included, layers of biocom 
patible synthetic polymers and the like may also be included 
in the stacked bone implant. Various shapes may also be 
built upon, using for example, circles, ellipses, squares, and 
the like, as necessary for a given application. 

[0050] In a further aspect of the present invention, the 
assembled implant is driven by cortical pins to seat in an 
implant site, using a driver that engages cortical bone pins 
With purchase sites on the implant. Thus, for example, not 
meant to be limiting, the driver may comprise a handle With 
projecting cortical pins Which engage With holes in the 
assembled allograft, thereby providing a site for torquing the 
implant into position. 

[0051] In a further embodiment according to this inven 
tion, assembled cortical bone blocks, or cortical cancellous 
bone blocks are assembled in combination With Wedged or 
pinned soft tissue, such as tendon, ligament, skin, collagen 
sheets, or the like, to create grafts similar to naturally 
occurring tissue sites, such as the bone-tendon interface 
found at the patella. Such combination implants permit 
reconstruction of sites such as the Anterior Cruciate Liga 
ment (ACL) or Posterior Cruciate Ligament (PCL). Accord 
ing to this embodiment of the invention, a ligament or 
tendon or skin or collagen sheet membrane is pinned 
betWeen adjacent blocks of cortical bone. Accordingly, 
various implants, such as knoWn bone-tendon-bone implants 
Which are in short supply may be supplanted by assemblage 
of an implant comprising assembled bone blocks, betWeen 
Which is ?xed a ligamentous tissue, including but not limited 
to ligament, tendon, demineraliZed bone, and the like. Refer 
ring to FIG. 27, there is shoWn one example of this 
embodiment of the present invention in Which an implant 
2700 is assembled from a superior bone block 2701, an 
inferior bone block 2702 and a Wedged ?exible tissue, such 
as a ligament or tendon or portion of demineraliZed bone 
2704, all of Which are pinned together With cortical bone 
pins 2703 or other ?xation means. Naturally, those skilled in 
the art Will appreciate, based on this disclosure, that other 
shapes of bone blocks, such as rounded bone blocks, and 
other types of combinations of soft and hard tissues may be 
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assembled according to this disclosure. HoWever, the 
example of such an implant 2700 may be used instead of 
having to harvest a bone-tendon-bone implant from cadav 
eric knees, Which tissue is in short supply. 

[0052] Based on the present disclosure, those skilled in the 
art Will further appreciate that the cortical bone pins dis 
closed herein may have features de?ned thereon for various 
applications. For example, not meant to be limiting, the 
shafts may contain stops, such that other pieces of bone 
inserted thereon can only travel a certain distance doWn the 
shaft before encountering the stop. The shaft may also 
contain through holes, to permit insertion of cotter pins or 
the like. Furthermore, the cortical bone shaft may be dem 
ineraliZed, mineraliZed, or partially demineraliZed. In one 
speci?c embodiment, the end of the cortical shaft contains a 
tapped cannulation a short distance into the longitudinal end 
of the shaft. In this Way, a screW may be driven into the 
cannulation to retain elements inserted over the shaft in 
association With the shaft. To accommodate the screW, the 
screW end bearing the cannulation may be partially dem 
ineraliZed, such that upon insertion of the retention screW, 
the shaft end does not shatter, but expands to accommodate 
the increasing diameter of the screW as it is driven into the 
shaft. Naturally, in certain applications, it may be desirable 
for the cortical pins to be cannulated throughout the longi 
tudinal length thereof. HoWever, care should be taken that 
this does not unduly Weaken the overall compressive or 
torsional strength of the assembled implant. This may be 
addressed by including pins that are not cannulated, along 
With pins that are cannulated. The cannulated pins may be 
used in combination With sutures or the like, in order to hold 
an implant in a speci?c orientation, until fusion With adja 
cent bone has proceeded to a suf?cient extent for the implant 
to become stable Without the sutures. 

[0053] It Will be appreciated from the present disclosure 
that implants that have classically been fabricated from 
metals may be fabricated by assembling bone pieces. In 
addition, a bene?t of the assembled graft according to this 
invention is that the components of the assembled graft can 
be derived from various anatomical structures, thus circum 
venting limitations normally resulting from having to obtain 
a graft from a particular anatomical source of a particular 
donor. Not only can the components be sourced from 
different anatomies, but also different donors may yield 
various components for assembly into a unitary implant. The 
end result is maximiZation of the gift of donation and the 
preservation of precious tissue resources. As noted above, 
being able to pool tissues from different sources depends, to 
some signi?cant extent, on the ability to treat portions of 
tissue harvested from different anatomies or donors so as to 
prevent any contamination of a recipient With pathological 
or antigenic agents. Afurther bene?t of the present invention 
is that different implants With height or Width limitations due 
to the anatomical structures from Which the implant has been 
derived may be pinned together to form implants of essen 
tially any desired dimensions. In this fashion, an inventory 
of building blocks in combination With the appropriate 
assembly pins, threaded or unthreaded, is useful to provide 
implants of essentially any dimensions in the course of given 
surgical procedure. According to this embodiment of the 
invention, for example, a cervical Smith-Robinson (CSR) t 
of any desired height may be produced by attaching tWo or 
more existing CSR implants together With cortical bone 
pins. This is accomplished preferably using tWo machined 










