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JOINT SPACER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/ 163,480, ?led on Jun. 5, 2002, Which 
is a continuation of US. patent application Ser. No. 09/ 569, 
020, ?led on Mar. 11, 2000, now US. Pat. No. 6,423,063, 
Which is a continuation of US. patent application Ser. No. 
09/137,443, ?led on Aug. 20, 1998, now US. Pat. No. 
6,099,531. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a neW and 
improved method of changing a spatial relationship betWeen 
bones Which are interconnected at a joint in a patient’s body. 

BACKGROUND OF THE INVENTION 

[0003] It has previously been suggested that joints 
betWeen bones be fused, that is, surgically immobilized, to 
promote patient comfort. Thus, US. Pat. No. 5,026,373 
suggests that a fusion cage be positioned betWeen adjacent 
vertebrae. Perforations are formed in the cage. The cage is 
packed With a bone-inducing substance. A method for 
immobiliZing vertebrae is also disclosed in US. Pat. No. 
5,015,255. 

[0004] It has previously been suggested that the spatial 
relationship betWeen portions of a bone in a patient’s body 
be changed to correct deformities. This may be done by 
removing a Wedge-shaped piece of bone in the manner 
disclosed in US. Pat. No. 5,601,565. 

[0005] Another method of changing the spatial relation 
ship betWeen portions of a bone in a patient’s body includes 
forming a slot in the bone. A forked Wedge tool is inserted 
into the slot. Aplate is then placed in a central opening in the 
forked Wedge tool and positioned against the bone. The plate 
is secured to the bone. The forked Wedge tool is then 
removed from the opening. This method of changing the 
spatial relationship betWeen portions of a bone in a patient’s 
body is disclosed in US. Pat. No. 5,620,448. 

[0006] A method and apparatus for use in changing a 
spatial relationship betWeen portions of a bone in a patient’s 
body is also disclosed in co-pending US. patent application 
Ser. No. 09/109,126, ?led Jun. 30, 1998 by Peter M. Bonutti 
and entitled Method And Apparatus For Use In Operating 
On A Bone. This application discloses the use of a Wedge 
member to expand a slot formed in a bone. The Wedge 
member is porous and may be coated With and/or contain 
bone groWth promoting material. The Wedge member may 
have a con?guration Which corresponds to a con?guration of 
a portion of the bone Which is engaged by the Wedge 
member. Alternatively, the Wedge member disclosed in the 
aforementioned application Ser. No. 09/ 109,126 may have a 
circular cross sectional con?guration With an external thread 
convolution to enable the Wedge member to be moved into 
an opening in a bone by rotating the Wedge member 

SUMMARY OF THE INVENTION 

[0007] A neW and improved method and apparatus is 
provided to change a spatial relationship betWeen bones 
Which are interconnected at a joint in a patient’ s body. When 
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this is to be done, an opening is formed in a portion of the 
patient’s body to expose the joint interconnecting the bones. 
One of the bones is moved relative to the other by expanding 
at least a portion of the joint With a Wedge member. The 
Wedge member is moved into the joint and applies force 
against the bones. The opening is closed With the Wedge 
member still disposed in the joint betWeen the bones. Force 
is then transmitted betWeen the bones through the Wedge 
member to maintain the joint in an expanded condition. 

[0008] If the joint is to be ?exed after being expanded by 
the Wedge member, the Wedge member may be connected 
With only one of the bones. Alternatively, if the joint is to be 
immobiliZed (fused) after inserting the Wedge member, the 
Wedge member may be ?xedly connected With the bones 
interconnected at the joint. The Wedge member may be 
porous and may be coated With and/or contain bone groWth 
promoting material. 

[0009] One embodiment of the Wedge member has major 
side surfaces extending betWeen thick and thin end portions 
of the Wedge member. The Wedge member is moved into the 
joint With the thin end portion leading. As the Wedge 
member is moved into the joint, the thick trailing end portion 
of the Wedge member expands the joint. 

[0010] In another embodiment of the invention, the Wedge 
member is rotated relative to the joint to expand the joint. 
The Wedge member may have a circular cross sectional 
con?guration and an external thread convolution Which 
extends from a thin leading end of the Wedge member to a 
thick trailing end of the Wedge member. The Wedge member 
is pressed into the joint and rotated to cause the Wedge 
member to expand the joint. 

[0011] In another embodiment of the invention, the Wedge 
member has surface areas Which are relatively close together 
and other surface areas Which are relatively far apart. The 
Wedge member is moved into the joint With the surface areas 
Which are close together engaging the adjacent bones. The 
Wedge member is then rotated to apply force against the 
adjacent bones to expand the joint. The Wedge member may 
be rotated about its central axis to apply forced against the 
bones and expand the joint. Alternatively, the Wedge mem 
ber may be rotated about a location Where the Wedge 
member engages one of the bones. 

[0012] Regardless of Which embodiment of the Wedge 
member is selected, the Wedge member may be used With 
any one of the many different bones and joints in a patient’s 
body. The Wedge member may be utiliZed at joints in a 
patient’s Wrist, ankle, hand, foot, back or other portions of 
the patient’s body. The Wedge member may be particularly 
advantageous When a joint betWeen vertebrae in patient’s 
back is to be immobiliZed. One or more Wedge members 
may be used to expand a joint and transmit force betWeen 
bones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and other features of the present 
invention Will become more apparent from the folloWing 
description taken in connection With the accompanying 
draWings Wherein: 

[0014] FIG. 1 is a schematic illustration depicting the 
spatial relationship betWeen bones at a joint in a patient’s 
body; 
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[0015] FIG. 2 is a schematic illustration depicting the 
manner in Which a Wedge member is inserted into the joint 
betWeen the bones of FIG. 1 to expand a portion of the joint 
and change the spatial relationship betWeen the bones; 

[0016] FIG. 3 is a schematic illustration of another 
embodiment of the invention in Which the joint of FIG. 1 is 
?exed after the Wedge member has been inserted into the 
joint and connected With only one of the bones; 

[0017] FIG. 4 is a schematic illustration depicting an 
alternative manner of inserting the Wedge member into the 
joint betWeen the bones of FIG. 1; 

[0018] FIG. 5 is a schematic pictorial illustration of the 
Wedge member of FIGS. 2 and 3; 

[0019] FIG. 6 is a plan vieW further illustrating the con 
struction of the Wedge member of FIG. 5; 

[0020] FIG. 7 is a side vieW, taken generally along the line 
7-7 of FIG. 6, of the Wedge member of FIG. 5; 

[0021] FIG. 8 is an enlarged fragmentary schematic sec 
tional vieW depicting the manner in Which the Wedge 
member of FIGS. 5-7 is positioned, as shoWn in FIG. 2, in 
a joint betWeen bones; 

[0022] FIG. 9 is a fragmentary schematic sectional vieW, 
generally similar to FIG. 8, but on a reduced scale, illus 
trating an embodiment of the invention in Which the Wedge 
member is porous; 

[0023] FIG. 10 is a fragmentary schematic sectional vieW, 
generally similar to FIG. 9, illustrating an embodiment of 
the Wedge member Which is porous and has a chamber 
Which holds bone groWth promoting material; 

[0024] FIG. 11 is a fragmentary schematic sectional vieW, 
generally similar to FIGS. 8-10, illustrating the manner in 
Which the Wedge member of FIG. 3 is connected With only 
one bone to enable the joint betWeen bones to be ?exed; 

[0025] FIG. 12 is a schematic illustration depicting the 
manner in Which a rotatable Wedge member is moved into a 
joint betWeen bones; 

[0026] FIG. 13 is a schematic illustration depicting the 
Wedge member of FIG. 12 after the Wedge member has been 
rotated to expand a portion of the joint betWeen the bones; 

[0027] FIG. 14 is an enlarged fragmentary schematic 
sectional vieW, taken generally along the line 14-14 of FIG. 
12, illustrating the relationship of the rotatable Wedge mem 
ber to the bones prior to rotation of the Wedge member; 

[0028] FIG. 15 is an enlarged fragmentary schematic 
sectional vieW, taken generally along the line 15-15 of FIG. 
13, illustrating the relationship of the rotatable Wedge mem 
ber of FIG. 14 to the bones after rotation of the Wedge 
member; 

[0029] FIG. 16 is a fragmentary schematic sectional vieW, 
taken generally along the line 16-16 of FIG. 15, illustrating 
the manner in Which the rotatable Wedge member is con 
nected With the bones; 

[0030] FIG. 17 is a fragmentary schematic sectional vieW, 
generally similar to FIG. 16, illustrating an embodiment of 
the rotatable Wedge member Which is porous; 
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[0031] FIG. 18 is a fragmentary sectional vieW, generally 
similar to FIG. 14, illustrating the relationship betWeen the 
bones at a joint When another embodiment of the rotatable 
Wedge member is in the initial orientation illustrated in FIG. 
12 relative to the bones; 

[0032] FIG. 19 is a fragmentary schematic sectional vieW, 
generally similar to FIG. 15, illustrating the relationship of 
the rotatable Wedge member of FIG. 18 to the bones after the 
Wedge member has been rotated; 

[0033] FIG. 20 is a fragmentary schematic sectional vieW, 
taken generally along the line 20-20 of FIG. 19, further 
illustrating the construction of the rotatable Wedge member; 

[0034] FIG. 21 is a schematic illustration, generally simi 
lar to FIG. 2, depicting the manner in Which another embodi 
ment of the rotatable Wedge member is moved into a joint 
betWeen bones in a patient’s body; 

[0035] FIG. 22 is an enlarged schematic pictorial illustra 
tion of the rotatable Wedge member of FIG. 21; 

[0036] FIG. 23 is a fragmentary schematic illustration, 
generally similar to FIG. 2, depicting the manner in Which 
another embodiment of the Wedge member is moved into a 
joint betWeen bones in a patient’s body; and 

[0037] FIG. 24 is an enlarged fragmentary schematic 
sectional vieW, taken generally along the line 24-24 of FIG. 
23, further illustrating the relationship of the Wedge member 
to the bones. 

DETAILED DESCRIPTION OF THE 
INVENTION 

General Description 

[0038] An upper or ?rst bone 30 in a patient’s body is 
illustrated schematically in FIG. 1. A loWer or second bone 
32 is connected With the upper bone 30 at a joint 34. The 
bones 30 and 32 and joint 34 have been illustrated sche 
matically to represent any one of many bones and joints in 
a patient’s body. Thus, the bones 30 and 32 and joint 34 may 
be disposed in a patient’s hand, foot, back, or other portion 
of the patient’s body. It should be understood that the bones 
30 and 32 and joint 34 have been illustrated schematically in 
FIG. 1 as being representative of any one of the many joints 
in a human patient’s body and it is not intended to limit the 
present invention to any particular joint. 

[0039] In order to correct deformities, improve patient 
comfort or other reasons, it may be desired to change the 
spatial relationship betWeen the upper and loWer bones 30 
and 32. Thus, it may be desired to change the angular 
relationship betWeen longitudinal central axes 38 and 40 
from the relationship illustrated schematically in FIG. 1 to 
the relationship illustrated schematically in FIG. 2. 

[0040] In order to change the spatial relationship betWeen 
the longitudinal central axes 38 and 40 of the bones 30 and 
32, an opening is formed in a portion of the patient’s body 
to expose the joint 34. A Wedge member 44 (FIG. 2) is 
moved into the exposed joint 34 betWeen the bones 30 and 
32. The Wedge member 44 applies force against the outer 
side surfaces of the bones 30 and 32 at the joint 34 to expand 
a portion of the joint. 

[0041] As the Wedge member 44 is moved into the joint 
34, in the manner illustrated schematically in FIG. 2, the 
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lower bone 32 is pivoted relative to the upper bone 30 about 
an axis extending through the joint 34. This changes the 
angular orientation of the loWer bone 32 relative to the upper 
bone 30. Thus, the spatial relationship betWeen the upper 
and loWer bones 30 and 32 is changed from the spatial 
relationship illustrated in FIG. 1 to the spatial relationship 
illustrated in FIG. 2 by the Wedge member 44. 

[0042] In FIG. 2, the Wedge member 44 has been illus 
trated schematically as having an extent Which corresponds 
to approximately one-half of the extent of the joint 34. 
HoWever, it is contemplated that the Wedge member 44 
could have an extent Which is either smaller than or greater 
than the extent illustrated in FIG. 2. Thus, the distance 
betWeen the thick and thin end portions of the tapered Wedge 
member 44 may be less than one-half of the Width of the 
joint 34. Similarly, the distance betWeen the thin leading end 
portion and thick trailing end portion of the Wedge member 
44 may be greater than one-half of the Width of the joint 34. 

[0043] The Wedge member 44 may be relatively narroW, as 
measured along the thin end portion of the Wedge member. 
This Would enable a plurality of narroW Wedge members 44 
to be used to expand a single joint 34. If the Wedge member 
44 is relatively Wide, only a single Wedge member may be 
required to expand a joint 34, as shoWn in FIG. 2. 

[0044] In the embodiment of the invention illustrated in 
FIG. 2, the joint 34 is fused after the joint has been expanded 
by the Wedge member 44 to change the spatial relationship 
betWeen the bones 30 and 32. Thus, after the joint 34 has 
been expanded by the Wedge member 34, the joint is 
immobilized With the upper and loWer bones 30 and 32 in 
the spatial relationship illustrated in FIG. 2. When the Wedge 
member 44 is utilized in association With joints betWeen 
vertebrae in a patient’s back, it is believed that it may be 
particularly advantageous to immobilize the joint 34. 

[0045] Immobilization of the joint 34 may be accom 
plished by connecting the Wedge member 44 With both the 
upper bone 30 and the loWer bone 32. Immobilization of the 
joint 34 may also be accomplished by the groWth of bone 
and/or other body tissue betWeen the tWo bones 30 and 32 
at the joint 34. Known bone groWth promoting materials 
may be provided at the joint 34 if desired. The bone groWth 
promoting materials may include bone morphogenic pro 
teins and/or other osteoinductive materials. 

[0046] In the embodiment of the invention illustrated in 
FIG. 3, the joint 34 is capable of being ?exed after the Wedge 
member 44 has been utilized to expand a portion of the joint. 
Thus, once the Wedge member 44 has been inserted into the 
joint 34, in the manner illustrated in FIG. 2, the patient may 
?ex the joint under the in?uence of force transmitted to the 
bones 32 and 30 from muscle tissue in the patient’s body. 

[0047] When the joint 34 is ?exed, as illustrated schemati 
cally in FIG. 3, the bone 32 moves aWay from the Wedge 
member 44. The Wedge member 44 is ?xedly connected to 
only the bone 30. This alloWs the bone 32 to move aWay 
from the Wedge member. It is believed that it Will be 
particularly advantageous to enable the joint 34 to be ?exed 
When the Wedge member is utilized to correct deformities 
occurring in hands, feet, Wrists or ankles of a patient. 
HoWever, it should be understood that the Wedge member 
could be attached to a single bone at any joint in a patient’s 
body Which is to be ?exed after the Wedge member has been 
used to expand the joint. 
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[0048] In the embodiment of the invention illustrated in 
FIGS. 1-3, the Wedge member 44 has been shoWn as being 
moved into the joint 34 in a direction Which is perpendicular 
to an axis about Which the joint is ?exed. Thus, the Wedge 
member 44 is moved into the joint 34 (FIG. 2) in a direction 
perpendicular to the axis about Which the joint 34 is sche 
matically illustrated in FIG. 3 as being ?exed. 

[0049] In the embodiment of the invention illustrated in 
FIG. 4, the Wedge member 44 is inserted into the joint 34 in 
a direction parallel to the axis about Which the joint is 
normally ?exed. Thus, the Wedge member 44 is illustrated in 
FIG. 4 as being inserted into the joint 34 in a direction 
perpendicular to the plane of the draWing of the joint 34 in 
FIGS. 1 and 3. It should be understood that the Wedge 
member 44 could be inserted into a joint, such as the joint 
34, in any desired direction in order to obtain a desired 
expansion of the joint. Thus, the Wedge member 44 could be 
moved into the joint 34 along a path Which is neither 
perpendicular to or parallel to the axis about Which the joint 
is ?exed. 

[0050] After one or more Wedge members 44 have been 
positioned in a joint 34, in the manner previously explained, 
the opening in the patient’s body is closed. When the 
opening in the patient’s body is closed, the Wedge member 
44 remains in the joint 34 betWeen the bones 30 and 32. The 
Wedge member 44 is formed of a rigid material Which is 
capable of transmitting force betWeen the bones 30 and 32 
immediately after being positioned in the joint 34. There 
fore, the Wedge member 44 is effective to maintain the 
changed spatial relationship, such as the spatial relationship 
illustrated in FIG. 2, betWeen the bones 30 and 32 during 
loading of the joint 34 immediately after positioning of the 
Wedge member in the joint. 

Wedge Member 

[0051] The Wedge member 44 (FIGS. 5-7) tapers from a 
thick end portion 50 to a thin end portion 52. The Wedge 
member 44 has ?at upper and loWer major side surfaces 54 
and 56 (FIG. 7) Which slope toWard each other from the 
thick end portion 50 to the thin end portion 52. The major 
side surfaces 54 and 56 intersect at the thin end portion 52. 
The pointed thin end portion 52 of the Wedge member 44 
facilitates moving the Wedge member into the joint 34 
betWeen the bones 30 and 32 (FIG. 2). 

[0052] In the illustrated embodiment of the Wedge mem 
ber 44 (FIGS. 5-7), the thick end portion 50 has an outer side 
surface 60 Which forms a portion of a cylinder. The thin end 
portion 52 extends diametrically across the cylinder (FIG. 
6). Therefore, the Wedge member 44 has a semi-circular 
con?guration. HoWever, it should be understood that the 
con?guration of the upper and loWer major side surfaces 54 
and 56 of the Wedge member 44 corresponds to the con 
?guration of the joint With Which the Wedge member is to be 
associated. 

[0053] The semi-circular outer side surface 60 Will, for 
many joints at least, have an irregular con?guration other 
than the semi-circular con?guration illustrated in FIGS. 5 
and 6. This enables the outer side surface 60 to be aligned 
With the outer side surfaces of the bones 30 and 32 at the 
joint 34. Since most bones do not have outer side surfaces 
Which form portions of a semi-circular, it is believed that in 
all probability, the Wedge member 44 Will have an outer side 
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surface 60 With an irregular con?guration rather than the 
semi-circular con?guration illustrated in FIG. 5. 

[0054] The extent of the thin end portion 52 of the Wedge 
member 44 may be substantially less than shoWn in FIG. 6. 
Thus, the extent of the thin end portion 52 of the Wedge 
member 44 may be less than one-half of the extent shoWn in 
FIG. 6. This Would result in the major side surfaces 54 and 
56 of the Wedge member 44 having a generally U-shaped 
con?guration. Parallel triangular side surfaces Would extend 
betWeen the outer side surface 50 of the Wedge member 44 
and opposite ends of the thin end portion 52. These trian 
gular side surfaces Would be spaced from opposite sides of 
the joint 34 When the Wedge member 44 is inserted into the 
joint. 
[0055] When the Wedge member 44 has a relatively nar 
roW, generally U-shaped con?guration, a plurality of the 
Wedge members may be inserted into a single joint 34 (FIG. 
1). When a plurality of narroW Wedge members 44 are used 
at one joint 34, the Wedge members may have different 
con?gurations. Thus, the Wedge members 44 may have 
different lengths and/or different angles betWeen the upper 
and loWer major side surfaces 54 and 56 of the Wedge 
members. 

[0056] The upper and loWer major side surfaces 54 and 56 
of the Wedge member 44 slope toWard each other from the 
thick end portion 50 to the thin end portion 52 of the Wedge 
member. It is contemplated that a plurality of Wedge mem 
bers 44 having different acute angles betWeen the upper and 
loWer major side surfaces 54 and 56 may be provided. This 
Would enable a surgeon to select the Wedge member 44 
having a desired thickness at the thick end portion 50. Thus, 
if a surgeon determines that a joint should be expanded to 
either a lesser or greater amount than Would be accom 
plished by a Wedge member having one angle, the surgeon 
may select a Wedge member having a different angle and 
thickness to effect the desired expansion of the joint 34. It is 
also contemplated that a plurality of Wedge members 44 
having different Widths, as measured along the thin end 
portion 52, may be provided. 

[0057] The acute angle betWeen the ?at upper and loWer 
major side surfaces 54 and 56 is determined by the extent to 
Which the joint 34 is to be expanded, that is, the extent to 
Which the spatial relationship betWeen the bones 30 and 32 
is to be changed by insertion of the Wedge member 44. Of 
course, the speci?c angle provided betWeen the upper and 
loWer major side surfaces 54 and 56 of the Wedge member 
44 Will vary depending upon the siZe of the joint With Which 
the Wedge member is used and the extent to Which the spatial 
relationship betWeen the bones 30 and 32 is to be changed 
by use of the Wedge member. In addition, the length and 
Width of the Wedge member 44 inserted into a particular 
joint Will be determined by the extent to Which the joint is 
to be expanded and the total number of Wedge members to 
be inserted into the joint. 

[0058] It is believed that it may be desired to have the 
acute angle betWeen the upper and loWer major side surfaces 
54 and 56 (FIG. 6) of the Wedge member 44 Within a range 
betWeen one and thirty degrees. Although it is dif?cult to be 
certain, it is believed that it may be preferred to have the 
acute angle betWeen the upper and loWer major side surfaces 
54 and 56 of the Wedge member 44 vary Within a range of 
?ve degrees to tWenty degrees. It should be understood that 
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the foregoing speci?c ranges of siZes for the angle betWeen 
the upper and loWer major side surfaces 54 and 56 of the 
Wedge member 44 have been set forth herein for purposes of 
clarity of description and it is contemplated that the angle 
betWeen the upper and loWer major side surfaces 54 and 56 
may be any one of many angles other than these speci?c 
angles. 

[0059] The siZe of the Wedge member relative to a speci?c 
joint 34 may vary depending upon the deformity to be 
corrected. Thus, a narroW Wedge member 44 may have a thin 
end portion 52 (FIG. 6) With a length Which is relatively 
small compared to the Width of a joint. The thin end portion 
52 of the narroW Wedge member 44 could have a length of 
less than one fourth the distance across the joint. This Would 
result in opposite ends of the thin end portion 52 being 
spaced from the periphery of the joint. It is contemplated 
that a plurality of narroW Wedge members 44 could be used 
to expand a single joint. 

[0060] The Wedge member 44 may be formed of any one 
of many different knoWn materials Which are compatible 
With a patient’s body. For example, the Wedge member may 
be formed of human or animal bone, stainless steel, tanta 
lum, a porous ceramic, or a polymeric material. If desired, 
the Wedge member may be formed of a biodegradable 
material. HoWever, it is preferred to have the Wedge member 
44 formed of a rigid material Which is capable of enabling 
force to be transmitted through the joint 34 betWeen the 
bones 30 and 32 immediately after installation of the Wedge 
member in the joint. 

[0061] In the embodiment of the invention illustrated in 
FIG. 2, the joint 34 is immobilized. To facilitate immobili 
Zation of the joint 34, the Wedge member 44 is ?xedly 
connected With the bone 30 and With the bone 32. To 
facilitate ?xedly connecting the Wedge member 44 With the 
bones 30 and 32, a pair of passages 64 and 66 are formed in 
the Wedge member 44 (FIGS. 6 and 7). When the Wedge 
member 44 is positioned in the joint 34 (FIG. 2), suitable 
fasteners, that is screWs 70 and 72 extend through the 
passages 64 and 66 into the bones 30 and 32 in the manner 
indicated schematically in FIG. 8. The screWs 70 and 72 
engage hard cortical outer layers 76 and 78 of the bones 30 
and 32. If desired, the screWs 70 and 72 could extend into the 
relatively soft cancellous bone 80 and 82. 

[0062] Although the Wedge member 44 has been illus 
trated in FIG. 8 as being connected With the bones 30 and 32 
by a pair of screWs 70 and 72, it should be understood that 
the Wedge member 44 may be connected With only one of 
the bones 30 or 32 by only one of the screWs 70 or 72 if 
desired. For example, if the Wedge member 44 is connected 
With the bone 30 by the screW 70, the joint 34 could be 
?exed in the manner illustrated schematically in FIG. 3, after 
the Wedge member 44 has been moved into the joint. 

Positioning of Wedge Member 

[0063] When the Wedge member 44 is to be inserted in to 
the joint 34 to change the spatial relationship betWeen the 
bones 30 and 32 in the manner illustrated schematically in 
FIG. 2, a location for insertion of the Wedge member into the 
joint 34 is selected by a surgeon. The speci?c location at 
Which the Wedge member 44 is inserted into the joint 34 to 
expand the joint Will be selected by the surgeon as a function 
of the desired result from a particular operation. In addition, 
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the size of the Wedge member 44 Will be selected by the 
surgeon as a function of the joint and the result to be 
obtained from a particular operation. 

[0064] The con?guration of the Wedge member 44 Will be 
selected by the surgeon as a function of the location Where 
the Wedge member is to be inserted into the joint 34. The 
Wedge member 44 may be relatively Wide and have a long 
thin end portion 52, as shoWn in FIG. 6, to enable the thin 
end portion to extend betWeen opposite sides of the joint. 
Alternatively, the Wedge member 44 may be relatively 
narroW and have a thin end portion 52 Which is short. If this 
is done, the thin end portion 52 Would not extend betWeen 
opposite sides of the joint 34. A plurality of the narroW 
Wedge members 44 may be inserted into a single joint 34 to 
expand the joint and transmit force betWeen the bones 30 
and 32. 

[0065] The surgeon makes an incision in soft body tissue 
surrounding the joint 34 to expose the joint. Once the joint 
34 has been exposed, the thin end portion 52 (FIGS. 5 and 
6) of the Wedge member 44 is moved into the joint 34. When 
the Wedge member 44 is to be inserted into a joint in the 
manner illustrated schematically in FIG. 2, the longitudinal 
central axis of the thin end portion 52 of the Wedge member 
is aligned With an axis about Which the joint pivots. The 
Wedge member is then moved into the joint 34 along a linear 
path Which extends perpendicular to the axis about Which 
the joint pivots. The Wedge member 44 is moved into the 
joint 34 by applying force against the trailing thick end 
portion 50 of the Wedge member. 

[0066] As the Wedge member 44 is moved into the joint 
34, the upper major side surface 54 (FIGS. 5 and 7) of the 
Wedge member slides along an outer side surface 88 (FIG. 
8) of the outer layer 76 of hard cortical bone. The loWer 
major side surface 56 of the Wedge member 44 slides along 
an outer side surface 90 of the outer layer 78 of hard cortical 
bone. 

[0067] The outer side surfaces 88 and 90 of the bones 30 
and 32 are in their naturally occurring conditions. Thus, the 
outer side surfaces 88 and 90 of the bones 30 and 32 are not 
cut aWay to prepare for insertion of the Wedge member 44 
into the joint 34. HoWever, it should be understood that 
under certain circumstances that it may be necessary to 
abrade or otherWise cut the outer side surfaces 88 and 90 of 
the outer layers 76 and 78 of hard cortical bone to prepare 
the joint 34 for insertion of the Wedge member 44. 

[0068] As the thin leading end portion 52 (FIG. 8) of the 
Wedge member 44 moves into the joint 34, the upper and 
loWer major side surfaces 54 and 56 apply force against the 
outer side surfaces 88 and 90 on the bones 30 and 32. As this 
occurs, the joint 34 is expanded. As the joint 34 is expanded, 
the bone 32 is pivoted, relative to the bone 30, from the 
initial orientation, shoWn in FIG. 1, to the improved orien 
tation shoWn in FIG. 2. As this occurs, the longitudinal 
central axis 40 of the bone 32 moves relative to the longi 
tudinal central axis 38 of the bone 30. Therefore, the angular 
relationship betWeen the bones 30 and 32 is changed by 
expansion of a portion of the joint 34 by insertion of the 
Wedge member 44 into the joint. 

[0069] When the Wedge member 44 has been pressed the 
desired distance into the joint 34, by the application of force 
against the thick end portion 50 of the Wedge member 44, the 
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outer side surface 60 on the Wedge member moves slightly 
inWard of the outer side surfaces on the bones 30 and 32 
(FIG. 8). The outer side surface 60 on the Wedge member 44 
has a con?guration Which corresponds to the con?gurations 
of the outer side surfaces on the bones 30 and 32 adjacent to 
the joint 34. Therefore, the Wedge member 44 does not 
project outWard from the joint. This minimiZes any tendency 
of the Wedge member to subsequently abrade body tissue 
adjacent to the joint 34. 

[0070] Once the Wedge member 44 has been moved into 
the desired orientation relative to the bones 30 and 32, as 
illustrated schematically in FIG. 8, the Wedge member 44 is 
?xedly connected With the bones 30 and 32 by the screWs 70 
and 72 to immobiliZe the joint. The area surrounding and 
directly adjacent to the Wedge member 44 is packed With 
bone groWth promoting material and/or bone chips. The 
bone groWth promoting materials may include bone mor 
phogenic proteins and/or other osteoinductive materials. 
This promotes fusion of the bones 30 and 32 for remedial 
immobilization of the joint 34. 

[0071] Since the Wedge member 44 is rigid, it can imme 
diately transmit loads betWeen the bones 30 and 32. There 
fore, after the incision Which exposed the joint 34 has been 
closed, the patient can begin to load the joint 34. The Wedge 
member 44 is effective to maintain the joint 34 in an 
expanded condition during loading of the joint. Therefore, 
the bones 30 and 32 remain in the improved spatial rela 
tionship illustrated in FIG. 2 during loading of the joint 34. 

Wedge MemberiSecond Embodiment 

[0072] In the embodiment of the invention illustrated in 
FIGS. 1-8, a solid Wedge member has been utiliZed to 
expand the joint 34. In the embodiment of the invention 
illustrated in FIG. 9, a porous Wedge member is utiliZed to 
expand a joint. Since the embodiment of the invention 
illustrated in FIG. 9 is generally similar to the embodiment 
of the invention illustrated in FIGS. 1-8, similar numerals 
Will be utiliZed to designate similar components, the suf?x 
letter “a” being associated With the numerals of FIG. 9 in 
order to avoid confusion. 

[0073] A Wedge member 44a is positioned in a joint 3411 
between bones 30a and 32a. The Wedge member 4411 
engages outer side surfaces 88a and 90a on layers 76a and 
78a of hard cortical bone. The outer side surfaces 88a and 
9011 are in their naturally occurring conditions. 

[0074] As the Wedge member 44a is moved into the joint 
34a, ?at upper and loWer major side surfaces 54a and 5611 
on the Wedge member 44a slide along the outer side surfaces 
88a and 90a on the bones 30a and 32a. The upper and loWer 
major side surfaces 54a and 56a of the Wedge 44a apply 
force against the outer side surfaces 88a and 90a of the 
bones 30a and 32a to expand the joint 3411 as the Wedge 
member is moved into the joint. The Wedge member 44a is 
moved into the joint 3411 under the in?uence of force applied 
against an outer side surface 6011 on a trailing thick end 
portion 50a of the Wedge member 44a. 

[0075] Once the joint 3411 has been expanded to change 
the spatial relationship betWeen the bones 30a and 32a, 
suitable fasteners (screWs) 70a and 72a are inserted through 
passages in the Wedge member 4411. The screWs 70a and 72a 
engage the hard cortical outer layers 76a and 78a of bone to 
?xedly secure the Wedge member 4411 With the bones 30a 
and 32a. 
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[0076] A single Wedge member 4411 is used to expand the 
joint 3411. However, a plurality of narrow Wedge members 
44a may be inserted into the joint at spaced apart locations 
about the periphery of the joint if desired. 

[0077] In accordance With a feature of this embodiment of 
the invention, the Wedge member 4411 is porous so that bone 
can groW through the Wedge member. It is contemplated that 
the Wedge member could be provided With a porous con 
struction by having passages extend through the Wedge 
member betWeen the upper and loWer major side surfaces 
54a and 56a of the Wedge member. The open ends of the 
passages Would enable bone to groW through the Wedge 
member 44a. 

[0078] In the embodiment of the Wedge member 44a 
illustrated in FIG. 9, the Wedge member is formed of a rigid 
open cell material. The open cell material provides cavities 
in Which bone can groW through the Wedge member 4411. 
Thus, the Wedge member 44a (FIG. 9) has a cellular 
construction similar to coral. 

[0079] It is contemplated that the Wedge member 44a may 
be coated With a material Which promotes the groWth of 
bone. The cells in the Wedge member 4411 may be at least 
partially ?lled With bone groWth promoting material. The 
bone groWth promoting materials may be bone morphogenic 
proteins and other osteoinductive materials. In addition to 
bone groWth promoting material associated With the Wedge 
member 4411, the space around and adjacent to the Wedge 
member 44a in the joint 3411 may be packed With bone 
groWth promoting material and/or bone chips. 

[0080] The Wedge member 4411 is rigid and can be subject 
to normal loading immediately after being positioned in the 
joint 34a. This enables the patient to subject the bones 30a 
and 32a to normal loading Without Waiting for fusion to 
occur through and around the Wedge member 4411. Of 
course, With the passage of time, the groWth of bone through 
the Wedge member 44a and around the Wedge member Will 
strengthen the immobilization of the joint 34a. 

[0081] In the embodiment of the invention illustrated in 
FIG. 9, the passages through the Wedge member 4411 are 
formed by the open cell structure of the Wedge member This 
results in the passages through the Wedge member 44a 
having an irregular con?guration. If desired, linear passages 
could be formed in the Wedge member 4411. The linear 
passages may be drilled, cast, or formed in other Ways in the 
Wedge member 44a. 

HolloW Wedge Member 

[0082] In the embodiment of the invention illustrated in 
FIGS. 1-8, the Wedge member 44 is formed by a solid piece 
of material. In the embodiment of the invention illustrated in 
FIG. 9, the Wedge member 44a is formed by a continuous 
piece of porous material. In the embodiment of the invention 
illustrated in FIG. 10, the Wedge member is formed by a 
holloW piece of porous material. Since the embodiment of 
the invention illustrated in FIG. 10 is generally similar to the 
embodiments of the invention illustrated in FIGS. 1-9, 
similar numerals Will be utiliZed to designate similar com 
ponents, the su?ix letter “b” being associated With the 
numerals of FIG. 10 to avoid confusion. 

[0083] In the embodiment of the invention illustrated in 
FIG. 10, a Wedge member 44b is inserted into a joint 34b 
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betWeen bones 30b and 32b to expand the joint. Expansion 
of the joint 34b by the Wedge member 44b changes the 
spatial relationship betWeen the bones 30b and 32b. The 
Wedge member 44b is held against movement relative to the 
bones 30b and 32b by fasteners (screWs) 70b and 72b. The 
fasteners 70b and 72b extend through passages in the Wedge 
member 44b into layers 76b and 78b of hard cortical bone 
on bones 30b, 32b. The layers 76b and 78b are in their 
naturally occurring condition. 

[0084] When the Wedge member 44b is to be moved into 
the joint, a thin end portion 52b of the Wedge member 44b 
is pressed into the joint 34b by applying force against an 
outer side surface 60b at a thick end portion 50b of the 
Wedge member 44b. The force applied against the trailing 
thick end portion 50b of the Wedge member 44b causes ?at 
upper and loWer major side surfaces 54b and 56b to slide 
along outer side surfaces 88b and 90b. As the upper and 
loWer major side surfaces 54b and 56b on the Wedge 
member 44b slide along the outer side surfaces 88b and 90b 
of the bones 30b and 32b, the Wedge member applies force 
against the bones to expand the joint 34b in the manner 
previously explained. 
[0085] In accordance With a feature of this embodiment of 
the invention, the Wedge member 44b (FIG. 10) is holloW. 
Therefore, a compartment or cavity 100 is formed in the 
Wedge member 44b. The compartment 100 has upper and 
loWer inner side surfaces 102 and 104 Which are smaller than 
the upper and loWer major side surfaces 54b and 56b of the 
Wedge member 44b. HoWever, the inner side surfaces 102 
and 104 of the compartment 100 have the same general 
con?guration as the upper and loWer major side surfaces 54b 
and 56b of the Wedge member 44b. 

[0086] The compartment 100 is ?lled With bone groWth 
inducing material 110. The bone groWth inducing material 
110 is positioned in the compartment 100 through a suitable 
opening (not shoWn) formed in either the upper major side 
surface 54b or the loWer major side surface 56b of the Wedge 
member 44b. Once the compartment 100 has been ?lled With 
bone groWth inducing material 110, the opening to the 
compartment is closed. HoWever, the Wedge member 44b is 
formed of a porous material Which enables bone to groW 
through the Wedge member. 

[0087] The groWth of bone through the Wedge member 
44b is promoted by the bone groWth inducing material 110 
in the compartment 100. The bone groWth inducing material 
110 in the compartment 100 may be any of many knoWn 
bone morphogenic proteins and osteoinductive materials. 
For example, appetite compositions With collagen may be 
utiliZed. DemineraliZed bone poWder may also be utiliZed. 
Regardless of Which of the knoWn bone groWth inducing 
materials are selected, the presence of the bone groWth 
promoting material 110 in the compartment 100 Will pro 
mote a groWth of bone through openings in the porous 
Wedge member 44b. 

[0088] The Wedge member 44b may, itself, be formed of 
a suitable rigid material, such as tantalum, stainless steel, or 
ceramic materials. In addition to the bone groWth inducing 
material 110, the surfaces of the Wedge member 44b and 
openings in the porous material of the Wedge member may 
be coated With suitable bone groWth promoting materials. 

[0089] The Wedge member 44b is porous so that bone can 
groW through the Wedge member. In the embodiment of the 
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invention illustrated in FIG. 10, the Wedge member is 
formed of an open cell material having a construction 
similar to coral. The open cell material provides irregular 
passages Which extend through the Wedge member 44b and 
enable the bone to groW through the Wedge member. HoW 
ever, it should be understood that the Wedge member 44b 
could be formed of a solid material With passages drilled or 
cast in the Wedge member. Regardless of Which of the 
materials the Wedge member is formed, it is believed that it 
Will be advantageous to have the material be suf?ciently 
rigid to enable the joint 44b to be load bearing immediately 
after an operation installing the Wedge member in the joint. 

Single Connection for Wedge Member 

[0090] In the embodiments of the invention illustrated in 
FIGS. 8-10, the Wedge members 44, 44a, and 44b are 
connected With bones on opposite sides of a joint by suitable 
fasteners (screWs). In the embodiment of the invention 
illustrated in FIG. 11, the Wedge member is connected With 
only one of the bones. Since the embodiment of the inven 
tion illustrated in FIG. 11 is generally similar to the embodi 
ments of the invention illustrated in FIGS. 1-10, similar 
numerals Will be utiliZed to designate similar components, 
the suf?x letter “c” being associated With the numerals of 
FIG. 11 to avoid confusion. 

[0091] A Wedge member 440 is inserted into a joint 340 
between upper and loWer bones 30c and 320. The Wedge 
member 440 has the same general con?guration and con 
struction as the Wedge member 44 of FIGS. 5-8. However, 
the Wedge member 440 is connected With only one of the 
bones 30c and 320. Thus, rather than utiliZing a pair of 
fasteners to secure the Wedge member 440 to the upper and 
loWer bones 30c and 320, only a single fastener 700 is 
utiliZed to connect the Wedge member 440 With the upper 
bone 300. Therefore, installation of the Wedge member 440 
in the joint 340 does not result in immobilization of the joint. 

[0092] Since the Wedge member 440 is connected With the 
bone 300 by the fastener 700, the bone 320 may be moved 
aWay from the Wedge member during ?exing of the joint 
340. This may result in the upper major side surface 540 on 
the Wedge member 540 remaining in engagement With the 
outer side surface 880 on the bone 300 While the outer side 
surface 900 on the bone 32c moves aWay from the loWer 
major side surface 560 on the Wedge member 440. Of course, 
a single fastener 700 may be utiliZed to hold the Wedge 
member in the joint 340 Where the outer side surfaces 880 
and 900 on the upper and loWer bones 30c and 320 remain 
in engagement With the upper and loWer major side surfaces 
540 and 560 of the Wedge member 440. 

[0093] In the embodiment of the Wedge member 440 
illustrated in FIG. 11, the Wedge member is formed of a solid 
material through Which bone does not groW. HoWever, it is 
contemplated that a single fastener, corresponding to the 
fastener 700 of FIG. 11, may be used to connect a porous 
Wedge member With a bone. Of course, bone may groW 
through the porous Wedge member. The porous Wedge 
member may have the same construction as shoWn in FIGS. 
9 and 10, With the exception of being held in place by only 
a single fastener 70c. 

Rotatable Wedge Member 

[0094] In the embodiment of the invention illustrated in 
FIGS. 1-11, the Wedge member 44 is moved into the joint 34 
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betWeen the upper and loWer bones 30 and 32 along a linear 
path. The Wedge member 44 is moved into the joint 34 With 
the thin end portion 52 of the Wedge member leading and the 
thick end portion 50 of the Wedge member trailing. The 
tapered con?guration of the Wedge member results in the 
application of force against the upper and loWer bones 30 
and 32 to expand the joint 34 in the manner previously 
explained. 
[0095] In the embodiment of the invention illustrated in 
FIGS. 12-16, the Wedge member is moved into the joint 
betWeen the upper and loWer bones and then rotated. During 
initial movement of the Wedge member into the joint 
betWeen the bones, there may be some expansion of the 
joint. During rotation of the Wedge member in the joint, 
there is further expansion of the joint. Since the embodiment 
of the invention illustrated in FIGS. 12-15 is generally 
similar to the embodiments of the invention illustrated in 
FIGS. 1-11, similar numerals Will be utiliZed to designate 
similar components, the suf?x letter “d” being associated 
With the numerals of FIGS. 12-15 to avoid confusion. 

[0096] Upper and loWer bones 30d and 32d are intercon 
nected at a joint 34d (FIG. 12). Prior to insertion of a Wedge 
member 44d, the upper and loWer bones 30d and 32d are in 
the same spatial orientation relative to each other as is 
illustrated in FIG. 1. Upon insertion of the Wedge member 
44d into the joint 34d, in the manner illustrated in FIG. 12, 
there may be a slight expansion of the joint 34d and a slight 
change in the orientation of the upper bone 30d relative to 
the loWer bone 32d. There is a relatively small change in the 
spatial relationship betWeen the upper bone 30d and the 
loWer bone 32d because the Wedge member 44d is inserted 
into the joint 34d in an orientation in Which the Wedge 
member 44d is relatively thin as vieWed in FIG. 12, that is, 
in a direction transverse to the joint 34d. 

[0097] After the Wedge member 44d has been inserted into 
the joint 34d in the manner indicated schematically in FIG. 
12, the Wedge member 44d is rotated, through less than one 
revolution, about an axis 120 in the manner indicated 
schematically by an arroW 122 in FIG. 13. As the Wedge 
member 44d is rotated through approximately ninety 
degrees about the axis 120, the Wedge member applies force 
against the upper and loWer bones 30d and 32d to expand the 
joint 34d. As the joint 34d is expanded by rotation of the 
Wedge member 44d, the spatial relationship betWeen the 
upper and loWer bones 30d and 32d changes from the spatial 
relationship illustrated schematically in FIG. 12 to the 
spatial relationship illustrated schematically in FIG. 13. 
Thus, by the combined effect of insertion of the Wedge 
member 44d into the joint 34d and rotation of the Wedge 
member in the joint, the spatial relationship of the upper and 
loWer bones 30d and 32d Was changed from the spatial 
relationship illustrated in FIG. 1 for the bones 30 and 32 to 
the spatial relationship illustrated in FIG. 13 for the upper 
and loWer bones 30d and 32d. 

[0098] The bones 30d and 32d illustrated schematically in 
FIGS. 12 and 13 should be considered as being representa 
tive of bones at many different locations in a patient’s body. 
Thus, the bones 30d and 32d may be any of the many bones 
in a patient’s Wrist, ankle, hand, foot, back, or other portion 
of a patient’s body. The bones 30d and 32d may be vertebrae 
in a patient’s back. It should be understood that the Wedge 
member 44d may be used With any one of the many different 
types of joints in a patient’s body. 
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[0099] The Wedge member 44d has a generally oval, 
cross-sectional con?guration (FIGS. 14 and 15), as vieWed 
in a plane perpendicular to a longitudinal central axis of the 
Wedge member. Thus, the Wedge member 44d has an outer 
side surface 126 (FIG. 14) With a pair of arcuate nose 
portions 128 and 130. The arcuate nose portions 128 and 130 
of the outer side surface 126 are interconnected by a pair of 
arcuate side portions 134 and 136. 

[0100] The arcuate outer side surface 126 tapers from a 
thick end portion 50d (FIG. 16) to a thin end portion 52d. In 
the illustrated embodiment of the Wedge member 44d, the 
thin end portion 52d is blunt or truncated. Thus, the thin end 
portion 52d of the Wedge member 44d does not come to a 
sharp point as does the thin end portions of the Wedge 
members 44, 44a, 44b and 440. 

[0101] It should be understood that the Wedge members 
44a, 44b and 440 (FIGS. 5-11) could be constructed With a 
blunt thin end portion corresponding to the blunt thin end 
portion 52d (FIG. 16) on the Wedge member 44d if desired. 
HoWever, it is believed that by having the thin end portion 
of the Wedge members of FIGS. 5-11 taper to a sharp point, 
insertion of the Wedge members into a joint is facilitated. 
Similarly, if desired, the Wedge member 44d could be 
provided With a thin end portion 52d (FIG. 16) Which comes 
to a sharp point in the same manner as the Wedge members 
44, 44a, 44b and 440. 

[0102] When the Wedge member 44d is inserted into the 
joint 34d (FIG. 14), the arcuate side portion 134 engages the 
outer side surface 88d of the upper bone 30d and the arcuate 
side portion 136 engages the outer side surface 90d of the 
loWer bone 32d. The arcuate side portions 134 and 136 are 
relatively close together so that minimal expansion of the 
joint 34d occurs When the Wedge member 44d is inserted 
into the joint. As the Wedge member 44d is inserted into the 
joint 34d, the arcuate side portions 134 and 136 slide along 
and are effective to apply force against the outer side 
surfaces 88d and 90d of the upper and loWer bones 30d and 
32d to effect some expansion of the joint 34d. The outer side 
surfaces 88d and 90d of the bones 30d and 32d are in their 
naturally occurring conditions. 

[0103] After the Wedge member 44d has been inserted into 
the joint 34d, in the manner shoWn in FIGS. 12 and 14, a 
suitable tool is inserted into a hexagonal socket 140 (FIG. 
14) in the Wedge member 44d. Torque is transmitted from 
the tool to the Wedge member 44d to rotate the Wedge 
member through less than one revolution in the direction 
indicated by the arroW 122 in FIGS. 13 and 15. This results 
in the Wedge member 44d being rotated through approxi 
mately ninety degrees in a clockWise direction from the 
position shoWn in FIG. 14 to the position shoWn in FIG. 15. 
As the Wedge member 44d is rotated, the Wedge member 
applies force against the upper and loWer bones 30d and 32d 
and expands the joint 34d. 

[0104] Upon initiation of rotation of the Wedge member 
44d from the position shoWn in FIG. 14 toWard the position 
shoWn in FIG. 15, the arcuate side portions 134 and 136 
slide along the outer side surfaces 88d and 90d on the bones. 
As the rotation of the Wedge member 44d continues, the 
arcuate nose portions 128 and 130 of the Wedge member 44d 
approach the outer side surfaces 88d and 90d of the upper 
and loWer bones 30d and 32d. As this is occurring, the joint 
34d is expanded by the force applied against the upper and 
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loWer bones 30d and 32d by the Wedge member 44d. When 
the Wedge member 44d reaches the position shoWn in FIG. 
15, the arcuate nose portions 128 and 130 engage the outer 
side surfaces 88d and 90d on the upper and loWer bones 30d 
and 32d to hold the joint 34d in the expanded condition 
illustrated in FIGS. 15 and 16. 

[0105] Apair ofmounting tabs 144 and 146 (FIG. 16) are 
integrally formed With the Wedge member 44d. The mount 
ing tabs 144 and 146 project outWardly from the end portion 
50d of the Wedge member 44d. The mounting tabs 144 and 
146 are aligned With the arcuate nose portions 128 and 130 
of the outer side surface 126 on the Wedge member 44d. 
Therefore, the mounting tabs 144 and 146 are disposed 
adjacent to the bones 30d and 32d in the manner illustrated 
schematically in FIG. 16. 

[0106] A pair of retaining screWs 70d and 72d extend 
through the mounting tabs 144 and 146 into the outer layers 
76d and 78d of hard cancellous bone on the upper and loWer 
bones 30d and 32d. The mounting screWs or fasteners 70d 
and 72d are effective to hold the Wedge member 44d against 
rotation relative to the upper and loWer bones 30d and 32d. 
Bone groWth promoting material and/or bone chips may be 
packed in the joint 34d around the Wedge member 44d. The 
Wedge member 44d is rigid and can transmit force betWeen 
the bones 30d and 32d as soon as it is rotated to the position 
shoWn in FIGS. 15 and 16. 

[0107] As is perhaps best seen in FIG. 15, the Wedge 
member 44d is narrower than the distance across the joint 
34d. Therefore, a plurality of Wedge members 44d may be 
utiliZed to hold the joint 34d in the expanded condition of 
FIGS. 15 and 16. The plurality of Wedge members 44d could 
be positioned in the joint 34d With their rotational axes 120 
(FIG. 16) in a parallel relationship or With their rotational 
axes 120 skeWed relative to each other. If a plurality of 
Wedge members 44d are utiliZed, they could be of different 
siZes or have different angles of taper along the axis 120. 

[0108] It should be understood that the Wedge members 
44, 44a, 44b and 440 of FIGS. 5-11 could also be relatively 
narroW. A plurality of Wedge members of FIGS. 5-11 could 
be positioned in a joint With their longitudinal axes either 
parallel or skeWed relative to each other. 

Porous Rotatable Wedge Member 

[0109] In the embodiment of the invention illustrated in 
FIGS. 12-16, the Wedge member 44d is formed as a solid 
body of rigid material, such as stainless steel. The Wedge 
member in the embodiment of the invention illustrated in 
FIG. 17 is formed of a rigid porous material. Since the 
embodiment of the invention illustrated in FIG. 17 is gen 
erally similar to the embodiments of the invention illustrated 
in FIGS. 1-16, similar numerals Will be utiliZed to designate 
similar components, the suf?x letter “e” being associated 
With the numerals of FIG. 17 to avoid confusion. 

[0110] The Wedge member 44e is disposed in a joint 34e 
betWeen upper and loWer bones 30e and 32e. The Wedge 
member 44e applies force against the outer side surfaces 88e 
and 90e of the upper and loWer bones 30e and 32e to expand 
the joint 34e and change the orientation of the upper and 
loWer bones relative to each other. In the embodiment of the 
invention illustrated in FIG. 17, the Wedge member 44e 
tapers from a thick end portion 50e to a thin end portion 52e. 
In the illustrated embodiment of the invention, the thin end 
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portion 52e of the Wedge member 44e has a pointed con 
?guration rather than the blunt con?guration of the Wedge 
member 44d of FIG. 16. However, the Wedge member 44e 
could have the same con?guration as the Wedge member 44d 
if desired. 

[0111] The Wedge member 44e (FIG. 17) has an oval cross 
sectional con?guration, as vieWed on a plane extending 
perpendicular to a central axis 120e of the Wedge member 
44e. Thus, the Wedge ember 44e has an outer side surface 
126e With arcuate nose portions 128e and 130e. The arcuate 
nose portions 128e and 130 are interconnected by arcuate 
side portions corresponding to the arcuate side portions 134 
and 136 of the Wedge member 44d (FIGS. 14 and 15). A 
socket 140e (FIG. 17) is provided in the Wedge member 44e 
to facilitate the application of torque to the Wedge member. 

[0112] In accordance With a feature of the embodiment of 
the invention illustrated in FIG. 17, the Wedge member 44e 
is formed of a rigid porous material having an open cell 
construction. The porous open cell construction of the 
Wedge member 44e enables bone to groW through the Wedge 
member. The Wedge member 44e may have an open cell 
construction similar to the construction of coral. 

[0113] The Wedge member 44e may be coated With bone 
groWth promoting materials to promote the groWth of bone 
through the Wedge member. The open cells in the porous 
Wedge member 44e could be at least partially ?lled With the 
bone groWth promoting material. In addition, bone groWth 
materials and/or bone chips may be packed in the joint 34e 
around the Wedge member 44e. The bone groWth promoting 
materials may include bone morphogenic proteins and/or 
other osteoinductive materials. 

[0114] A pair of fasteners 70e and 72e are provided to 
connect the Wedge member 44e With the upper and loWer 
bones 30e and 32e. Thus, the fasteners 70e extends into the 
outer layer 76e of hard cortical bone on the upper bone 30e. 
Similarly, the fastener 72e extends into the outer layer 78e 
of hard cortical bone on the loWer bone 32e. In the illustrated 
embodiment of the invention, the fasteners 70e and 72e 
extend through passages in the Wedge member 44e into the 
upper and loWer bones 30e and 32e. HoWever, if desired, the 
Wedge member 44e could be provided With mounting tabs, 
similar to the mounting tabs 144 and 146 of FIG. 16. 

[0115] When the Wedge member 44e is to be used to 
change the spatial relationship betWeen the upper and loWer 
bones 30e and 32e, the Wedge member is inserted into the 
joint 34e With the arcuate nose portions 128e and 130e of the 
Wedge member spaced from the outer side surfaces 88e and 
90e on the upper and loWer bones 30e and 32e. At this time, 
the Wedge member 44e is in the same orientation as is 
illustrated in FIG. 14 for the Wedge member 44d. Arcuate 
side portions of the arcuate outer side surface 126e on the 
Wedge member 44e engage the outer side surfaces 88e and 
90e on the upper and loWer bones 30e and 32e in the same 
manner as is illustrated for the Wedge member 44d in FIG. 
14. 

[0116] Although inserting the Wedge member 44e into the 
joint 32e may effect an initial, relatively small expansion of 
the joint, the majority of the expansion of the joint 34e is 
obtained by rotating the Wedge member 44e about its central 
axis 120e. To rotate the Wedge member 44e about its central 
axis 120e, a suitable tool is inserted into the socket 140e. 
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Force is transmitted from the tool to the Wedge member 44e 
to rotate the Wedge member. As the Wedge member is rotated 
relative to the upper and loWer bones 30e and 32e, the Wedge 
member further expands the joint 34e and effects further 
change in the spatial relationship betWeen the upper and 
loWer bones 30e and 32e. 

[0117] Once the Wedge member 44e has been moved to 
the position illustrated in FIG. 17, that is, to a position 
corresponding to the position of the Wedge member 44d in 
FIG. 15, the Wedge member is connected to the upper and 
loWer bones 30e and 32e. To connect the Wedge member 
With the upper and loWer bones 30e and 32e, the screWs 70e 
and 72e are inserted through passages in the Wedge member 
into the bone. Bone groWth promoting material and/or bone 
chips may be packed in the joint 34e around the Wedge 
member 44e. 

[0118] Although a single Wedge member 44e is utiliZed to 
expand the joint 34e, a plurality of Wedge members could be 
utiliZed if desired. When a plurality of Wedge members 34e 
are held to expand the joint 34e, the Wedge members may all 
be of the same siZe and con?guration or may have different 
siZes and con?gurations. 

Rotatable Wedge Member AlternativeiEmbodiment 

[0119] The Wedge members 44d and 44e are rotated about 
their central axes 120d and 120e (FIGS. 16 and 17) to effect 
expansion of the joints 34d and 34e. In the embodiment of 
the invention illustrated in FIGS. 18 through 20, the Wedge 
member is rotated about a location Where the Wedge member 
engages one of the bones. Since the embodiment of the 
invention illustrated in FIGS. 18-20 is generally similar to 
the embodiments of the invention illustrated in FIGS. 1-17, 
similar numerals Will be utiliZed to designate similar com 
ponents, the suf?x letter “f” being associated With the 
numerals of FIGS. 18-20 to avoid confusion. 

[0120] Upper and loWer bones 30f and 32f are intercon 
nected at a joint 34f A Wedge member 44f is illustrated 
inserted into the joint 34fbetWeen the upper and loWer bones 
30f and 32. The Wedge member 44f is positioned in the joint 
34f (FIG. 18) With a relatively narroW Width of the Wedge 
member betWeen outer side surfaces 88f and 90f on hard 
cortical outer layers 76f and 78f of the upper and loWer 
bones 30f and 32f Although the outer side surfaces 88f and 
90f of the upper and loWer bones 30f and 32f are in their 
naturally occurring conditions, it is contemplated that a 
surgeon may Want to prepare the surfaces of the bone for the 
Wedge member 44f by cutting aWay extraneous material to 
promote seating of the Wedge member 44f on the upper and 
loWer bones 30f and 32f 

[0121] The Wedge member 44f has an arcuate nose portion 
128f and a pivot end portion 150f The nose portion 128f and 
pivot end portion 150f are interconnected by side portions 
134f and 136f The side portion 134f has a continuously 
curving arcuate con?guration. The side portion 136f may 
have a linear con?guration. 

[0122] The side portion 136f has a relatively ?at area 
Which engages the outer side surface 90f on the loWer bone 
32fWhen the Wedge member 44f is oriented as illustrated in 
FIG. 18 If desired, the side portion 136f could have an 
arcuate con?guration corresponding to the arcuate con?gu 
ration of the side portion 134f If the side portion 136f had 
the same con?guration as the side portion 134f, the Wedge 
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member 44fWould have a symmetrical con?guration about 
an axis extending through the relatively sharply de?ned 
pivot end portion 150c. 

[0123] The Wedge member 44f has the same siZe and 
con?guration throughout its length. Thus, the end portion 
150f of the Wedge member is the same siZe as the end portion 
52f (FIG. 20). However, if desired, the Wedge member 44f 
could taper from a relatively thick end portion 50f to a 
relatively thin or small end portion 52f in the manner 
illustrated in FIGS. 16 and 17 for the Wedge members 44d 
and 44e. It should be understood that any one of the Wedge 
members illustrated in FIGS. 1 through 17 could be formed 
With the same con?guration as the Wedge member 44f if 
desired. HoWever, it is believed that in most instances it Will 
probably be preferred to provide the Wedge members of 
FIGS. 1-17 With an axially tapered con?guration to facilitate 
insertion of the Wedge members into the joint betWeen the 
upper and loWer bones. 

[0124] The Wedge member 44f (FIGS. 18, 19 and 20) is 
formed of a rigid porous open cell material. The rigid porous 
open cell material of the Wedge member 44f has a construc 
tion generally similar to coral. HoWever, the Wedge member 
44f could be formed of a nonporous material if desired. 

[0125] It is contemplated that the Wedge member 44f, like 
the Wedge members illustrated in FIGS. 1-17, may be 
formed of human or animal bone, metal, ceramic, or a 
polymeric material. While it may be preferred to form the 
Wedge member 44f of a porous material to enable bone to 
groW through the Wedge member, the Wedge member 44f 
may be formed of a solid material through Which bone can 
not groW. 

[0126] The Wedge member 44f may be coated With or 
packed With bone groWth promoting materials. The bone 
groWth promoting materials may be bone morphogenic 
proteins and/or other osteoinductive materials. Bone chips 
may be included With the bone morphogenic proteins and/or 
other osteoinductive materials packed around the Wedge 
member 44f 

[0127] Of course, the Wedge member 44f may be provided 
With a tapered con?guration to facilitate insertion into the 
joint 34f When the Wedge member 44f is to be utiliZed to 
change the spatial relationship betWeen the upper and loWer 
bones 30f and 32f, the Wedge member is inserted into the 
joint 34f The illustrated embodiment of the Wedge member 
44f has the same siZe and con?guration throughout its 
length. Therefore, the Wedge member 44f does not taper to 
a thin end portion to facilitate insertion of the Wedge 
member into the joint 34f Therefore, the joint 34f may be 
initially expanded With a suitable tool to enable the Wedge 
member 44f to be inserted into the joint, in the orientation 
illustrated in FIG. 18. 

[0128] When the Wedge member 44f is inserted into the 
joint 34f there Will be a slight initial expansion of the joint. 
As Was previously mentioned, the Wedge member 44f may 
have an axially tapered con?guration, similar to the con 
?guration of the Wedge members 44d and 44e (FIGS. 16 and 
17), to facilitate insertion of the Wedge member 44f into the 
joint 34f 
[0129] As the Wedge member 44f is initially inserted into 
the joint 34f, the side portions 134f and 136f on the Wedge 
member 44f slide along the outer side surfaces 88f and 90f 
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on the upper and loWer bones 30f and 32f At this time, the 
arcuate nose portion 128f of the Wedge member 44f is spaced 
from the outer side surface surfaces 88f and 90f of the upper 
and loWer bones 30f and 32f 

[0130] To further change the spatial relationship betWeen 
the upper and loWer bones 30f and 32f, the Wedge member 
44f is rotated about an axis extending through a location 
Where the pivot end portion 150f of the Wedge member 44f 
engages the outer side surface 90f of the loWer bone 32f To 
effect rotation of the Wedge member 44f, a suitable tool is 
inserted into a socket 140f Force is transmitted through the 
tool to the Wedge member 44f urging the Wedge member 44f 
to rotate in a clockWise direction from the position shoWn in 
FIG. 18 to the position shoWn in FIG. 19. 

[0131] Upon initial application of the force to the Wedge 
member 44f urging the Wedge member to rotate in a clock 
Wise direction (as vieWed in FIG. 18), the pivot end portion 
150f of the Wedge member 44f is pressed against the outer 
side surface 90f of the loWer bone 32f At the same time, the 
side portion 134f of the Wedge member 44f begins to slide 
along the outer side surface 88f on the upper bone 30f 

[0132] Continued application of force (torque) to the 
Wedge member 44f results in the Wedge member pivoting 
about an axis Which extends through a location Where the 
end portion 150f of the Wedge member 44f engages the outer 
side surface 90f on the loWer bone 32f As the Wedge 
member 44f pivots about the end portion 150f, the arcuate 
nose portion 128f moves into engagement With and slides 
along the outer side surface 88f on the upper bone 30f As the 
Wedge member 44f approaches the orientation shoWn in 
FIG. 19, the joint 34f is expanded and the spatial relationship 
betWeen the upper and loWer bones 30f and 32f is changed 
With a resulting change in the angular orientation of the 
upper and loWer bones relative to each other. 

[0133] When the Wedge member 44f reaches the orienta 
tion shoWn in FIG. 19, the joint 34fhas been expanded to the 
maximum extent possible by the Wedge member. The Wedge 
member 44f is then connected With the upper and loWer 
bones 30f and 32f by suitable fasteners. The fasteners may 
extend through mounting tabs, similar to the mounting tabs 
144 and 146 illustrated in FIG. 16 or the fasteners may 
extend through the Wedge member in the manner illustrated 
schematically in FIG. 17. Of course, the Wedge member 44f 
could be held in the upright (as vieWed in FIG. 19) orien 
tation in any one of many different manners by a suitable 
fastener arrangement. 

[0134] Although only a single Wedge member 44f has 
been shoWn in FIGS. 18-20, a plurality of the Wedge 
members 44f could be used to expand the joint 34f and to 
transmit force betWeen the bones 30f and 32f Whether a 
single Wedge member 44f or a plurality of Wedge members 
44f are used to expand the joint, the joint may be packed 
With bone groWth promoting material. 

ScreW Type Wedge Member 

[0135] In the embodiment of the invention illustrated in 
FIGS. 12-16, the Wedge member 44d has a relatively smooth 
outer side surface 126. In the embodiment of the invention 
illustrated in FIGS. 21 and 22, the Wedge member has a 
con?guration similar to the con?guration of a screW and has 
a irregular outer side surface. Since the embodiment of the 
invention illustrated in FIGS. 21 and 22 is generally similar 












