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Method and apparatus for replacing part of a bone with a 
prosthesis. The prosthesis may comprise a head configured to 
replace an end portion of a first bone and to articulate with an 
adjacent second bone. The prosthesis also may comprise a 
stem configured to be disposed in a bore formed in a medul 
lary canal of the first bone. The stem may define alongitudinal 
axis. The head and stem may include coupling structure that 
permits the head to be mounted onto the stem by sliding the 
head into engagement with the stem in a direction transverse 
to the longitudinal axis of the stem. 
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BONE PROSTHESIS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/986,307, filed Nov. 19, 2007, now 
U.S. Pat. No. 7,918,892, which, in turn, is a continuation of 
U.S. patent application Ser. No. 10/321,282, filed Dec. 16, 
2002, now U.S. Pat. No. 7,297,163, which, in turn, is a con 
tinuation of U.S. patent application Ser. No. 09/507,564, filed 
Feb. 18, 2000, now U.S. Pat. No. 6,494,913, which, in turn, is 
a continuation-in-part of U.S. patent application Ser. No. 
09/191928, filed Nov. 13, 1998, now U.S. Pat. No. 6,102, 
953, which, in turn, is a continuation-in-part of U.S. patent 
application Ser. No. 09/165,475, filed Oct. 2, 1998, now U.S. 
Pat. No. 6,193,758, and U.S. patent application Ser. No. 
09/040,504, filed Mar. 17, 1998, now U.S. Pat. No. 5,961,555. 
These priority applications are each incorporated herein by 
reference in their entirety for all purposes. 

FIELD OF THE INVENTION 

0002 This invention relates to bone prostheses. 

BACKGROUND OF THE INVENTION 

0003. When a joint, such as the hip or shoulder, becomes 
impaired due to arthritis, disease or trauma, it is sometimes 
necessary to replace all or part of the joint with a prosthesis to 
restore function. For instance, hip replacement, where a pros 
thesis is provided to replace the femoral head and in some 
cases all or part of the acetabulum, has become a common 
procedure to treat femoral head fractures and arthritis in eld 
erly patients. As a result of anatomical constraints and chal 
lenges in the shoulder, shoulder implants have historically 
been much less Successful and less common than hip replace 
ments. Recently, however, shoulder arthroplasty has emerged 
as an accepted treatment for severe arthritis and humeral head 
fractures. 
0004 As a consequence of the increasing acceptance of 
shoulder prostheses, many different devices have been devel 
oped to address various problems that have arisen and to offer 
additional benefits and features. In the simplest form, a shoul 
der prosthesis is formed as a single piece with a head to 
articulate with the glenoid cavity, and a stem to extend down 
the medullary canal of the humerus and Support the head. 
While simple to construct, unitary implants do not offer any 
adjustability to accommodate the natural variations in size 
and geometry that occur amongjoints of different patients. To 
accommodate these variations, a large stock of devices must 
be manufactured and maintained to insure that an adequate 
match can beachieved during an operation. Stocking the large 
number of devices is a significant expense with one-piece 
designs, and in some cases a Surgeon may not be provided 
with sufficient flexibility to achieve an ideal fit to the patient. 
0005 To avoid the expense of maintaining a large stock of 
single-piece prosthetics and to provide increased flexibility to 
Surgeons, many shoulder implant makers have gone to a 
modular design that is assembled during the operation from 
two or three pieces. These pieces include a head to articulate 
with the glenoid and a stem structure on which the head is 
mounted and secured to the bone. In some cases, the stem 
includes a separate body portion disposed between the head 
and an intermedullary portion of the stem that extends down 
the medullary canal. By utilizing a modular design, a wide 
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variety of devices can be assembled from only a few pieces, 
thus providing increased flexibility to accommodate anatomi 
cal variation and eliminating much of the cost associated with 
maintaining a large selection of one-piece devices. 
0006 Existing modular shoulder designs most commonly 
rely on a taper lock mechanism to secure the head to the rest 
of the implant. In at least some devices the portion of the taper 
lock on the head is offset to compensate for anatomical pos 
terior offset of the humeral head. For instance, the taper lock 
portion on the head may be offset by 2-4 millimeters. By 
rotating the head, any offset between plus and minus the 2-4 
millimeters can be achieved. Unfortunately, rotating an offset 
head can introduce a medial/lateral and/or superior/inferior 
offset at the same time the anterior/posterior positioning is 
adjusted. Furthermore, the offset between the center of the 
taper lock and the geometrical center of the head creates a 
torque which tends to rotate the head relative to the remainder 
of the implant, thereby increasing the chance of loosening of 
the head. As the offset increases, the resultant torque 
increases as well, making this a greater problem for larger 
offsets. Although Such problems are incumbent in existing 
offset head designs, a posterior offset is generally desirable to 
better match the natural anatomy. 
0007. In addition to the specific drawbacks associated 
with various existing implant designs, there are a number of 
general problems inherent in shoulder replacements. In par 
ticular, it is generally difficult to establish the proper position 
and orientation for the implant in the humerus. One of the 
more important variables is the rotational position, or retro 
version, of the head on the humerus. Anatomically, the aver 
age retroversion between a plane defined by the perimeter of 
the anatomical head and the axis of the flexed forearm is 
approximately 30-degrees. Unfortunately, with existing 
implants and techniques for their installation, it has been very 
difficult to reliably reproduce desired retroversion. Establish 
ing correct retroversion is important because incorrect retro 
version can lead to problems with Subsequent dislocation. 
0008. In addition to the retroversion of the implant, it is 
necessary to establish the correct height of the implant on the 
humeral shaft. With existing designs, the Surgeon slips the 
stem into the medullary canal and makes an educated guess at 
the properheight. Excess height may create too much tension 
in the deltoid, while inserting the implant too far down the 
humerus can result in deltoid lag. Similarly, the offset of the 
face of the head relative to the stem must be established 
correctly or excess or insufficient tension in the rotator cuff 
may be created. Unfortunately, with existing designs there is 
no way to evaluate implant height or head offset prior to final 
installation, after which correction is difficult. 
0009. When an implant is used as treatment for an arthritic 
shoulder joint, it is necessary to remove the existing humeral 
head and prepare the proximal end of the humeral shaft to 
receive the implant. It is important that the humeral prepara 
tion be accurate so that the position of the implant, which is 
determined in part by the configuration of the proximal end of 
the humerus, replicates the original anatomic position of the 
humeral head. 

SUMMARY 

0010. The present disclosure is directed to method and 
apparatus for replacing part of a bone with a prosthesis. The 
prosthesis may comprise ahead configured to replace an end 
portion of a first bone and to articulate with an adjacent 
second bone. The prosthesis also may comprise a stem con 
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figured to be disposed in a bore formed in a medullary canal 
of the first bone. The stem may define alongitudinal axis. The 
head and stem may include coupling structure that permits the 
head to be mounted onto the stem by sliding the head into 
engagement with the stem in a direction transverse to the 
longitudinal axis of the stem. 

BRIEF DESCRIPTION OF THE FIGURES 

0011 FIG. 1 is an exploded isometric view of a modular 
shoulder implant constructed according to the present inven 
tion. 

0012 FIG. 2 shows a modular shoulder implant kit con 
structed according to the present invention. 
0013 FIG. 3 is a cross-sectional view of a shaft of the 
implant of FIG. 1. 
0014 FIGS. 4-9 are various views of a body portion of the 
implant of FIG. 1. 
0015 FIGS. 10-13 are various views of a head portion of 
the implant of FIG. 1. 
0016 FIG. 14 is an isometric view of the backside of the 
head of FIGS. 10-13. 
0017 FIG. 15 is an isometric view of the head partially 
installed on the body. 
0018 FIG. 16 is a cross-sectional view of the implant 
along line 8-8 of FIG. 3. 
0019 FIG. 17 is a medial elevational view of the implant 
of FIG. 1. 
0020 FIG. 18 is an isometric view of a targeting/installa 
tion instrument according to the present invention. 
0021 FIG. 19 is a lateral elevational view of the targeting/ 
installation instrument of FIG. 18. 

0022 FIG. 20 is an elevational view from above of the 
targeting installation instrument of FIG. 18. 
0023 FIG. 21 is an isometric view of the implant of FIG. 
1 in an assembled configuration. 
0024 FIG. 22 is a side elevational view of an implant 
showing reference marks. 
0025 FIG. 23 is a side elevational view of a body con 
structed according to the present invention. 
0026 FIG. 24 is an elevational view of the rear surface of 
a head constructed according to the present invention. 
0027 FIG. 25 is an elevational view along line 25-25 in 
FIG. 23. 

0028 FIG. 26 is a side elevational view of a reamer dis 
posed within the medullary canal. 
0029 FIG.27 is an isometric view of the reamer of FIG. 26 
and showing a cutting guide attached to the reamer and an 
alignment structure attached to the cutting guide. 
0030 FIG. 28 is a top plan view of the reamer of FIG. 27, 
showing alignment of the alignment structure with the 
patient's forearm. 
0031 FIG. 29 is a side elevational view of the reamer of 
FIG. 26 and showing a counter-bore cutting instrument and a 
counter-bore bushing installed in the cutting guide. 
0032 FIG. 30 is an isometric view of the counter-bore 
cutting instrument and counter-bore bushing of FIG. 29. 
0033 FIG. 31 is a side elevational view of the reamer of 
FIG. 26 and showing a chisel cutting instrument and a chisel 
bushing installed in the cutting guide. The chisel cutting 
instrument, chisel bushing, and a portion of the cutting guide 
are shown in cross-section. 
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0034 FIG. 32 is an isometric view of the chisel cutting 
instrument and chisel bushing of FIG. 31. 

DETAILED DESCRIPTION 

0035. A shoulder implant constructed according to the 
present invention is shown generally at 10 in FIG.1. Implant 
10 includes a head 12 and a stem 14. The stem preferably 
includes a distal shaft 16 and a body 18. The components 
making up implant 10 are preferably chosen from a kit 20 of 
interchangeable shafts, bodies and heads, as shown in FIG. 2. 
By selecting an appropriate shaft, body and head from kit 20, 
a Surgeon is able to create an implant that is sized properly for 
almost any patient. Positional references such as anterior/ 
posterior, medial/lateral and proximal/distal used herein are 
made with reference to an implantas it would be positioned in 
a patient. 
0036 Shaft 16 is shown in greater detail in FIG. 3 and 
includes a proximal tapered end 30 extending distally to a 
shoulder 32 which tapers smoothly into a cylindrical medial 
region 34 with distal locking holes 36, 38. As can be seen in 
FIG. 2, the shaft can have a medial region of varying diameter 
and/or varying length. Generally speaking, the longer shafts 
are used where there is a mid-shaft fracture in addition to the 
proximal trauma. The varying diameter short shafts are used 
to accommodate size variations in the proximal end of the 
humerus. Either or both of holes 36, 38 may be elongated to 
allow for movement of the medial region over the locking 
screws. This is normally desirable when the implant is used to 
treat a combined mid-shaft fracture. 
0037 Arounded and tapered distal tip 40 is formed on the 
end of medial region34. Shaft 16 preferably includes a central 
canulation 42 which can be used to guide the implant into the 
humerus with the aid of a guide wire. As best shown in FIG. 
1, an alignment notch 44 is formed in shoulder 32 to aid in 
establishing the correctorientation of the body on the shaft, as 
will be described below. A threaded hole 46 is formed in 
tapered end 30 to receive a screw 50 which is used to draw the 
body firmly onto the tapered end. A wiring hole 48 is provided 
just distal of shoulder 32 to allow tension band wiring to be 
secured through the implant. In addition, when the implant is 
to be cemented in place, a K-wire can be driven through 
humerus and hole 48 to fix the position of the implant while 
the cement cures. 
0038. As indicated in FIG.1, body 18 mounts to the top of 
shaft 16. Referring to FIGS. 4-9, body 18 has a distal end 54 
with a cylindrical tapering socket 56 extending upwardly 
therefrom into the body. Socket 56 is sized to receive tapered 
end 30 of shaft 16 and taper-lock thereto to allow the body to 
be securely mounted to the shaft. A proximal bore 58 extends 
from the socket to the top of the body to the previously 
discussed screw to engage the top of the shaft to draw it into 
the socket. A small rib 60 is provided in the bore to engage 
against the head of the screw. 
0039. A small finger 62 projects down from the distal end 
of body 18 adjacent the Socket to engage alignment notch 44 
as the body is installed on the shaft. See FIGS. 1 and 17. This 
ensures the proper rotational positioning of the body on the 
shaft so that the various holes in the shaft are oriented cor 
rectly. Body 18 further includes a lateral rib 64 with three 
Suture holes 66 which aid in securing the fracture fragments to 
the implant. Upper and lower medial suture holes 68, 70 are 
also provided in body 18 to offer additional options in secur 
ing the fragments. A medially positioned, anteriorly oriented 
threaded hole 72 is formed in body 18 to receive a screw for 
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securing the head to the body. Hole 72 also serves as a mount 
ing point for a targeting/installation instrument used with the 
implant. A recess 74 is located at the top of the hole and 
includes a keying notch 76 for orienting the targeting/instal 
lation instrument. See FIGS. 1 and 4. The recess allows the 
screw head to install substantially flush with the surface of the 
body to minimize the amount of bone removal required to 
insert the stem into the humerus. 
0040 Body 18 includes a medially facing inclined mount 
ing surface 80 at the proximal end onto which head 12 is 
mounted. Head 12 is secured to body 18 by coupling structure 
82 which includes a fitting in the form of a pedestal or dovetail 
84 located on mounting surface 80. As shown in FIGS. 6 and 
8, dovetail 84 is tapered from anterior to posterior to establish 
a taperlock with the head, as will be described below. Because 
the dovetail is tapered, the body has a left or right orientation 
depending on which shoulder is to be replaced. Thus, as 
shown in FIG. 2, the kit will preferably include two or more 
bodies. Additional bodies, over and above one left and one 
right, may be provided to accommodate different stem diam 
eters or head angles, etc. 
0041 Head 12, which is preferably formed as a unitary 
member, as opposed to being assembled from two or more 
components, includes a generally semi-spherical articulation 
surface 90 which is adapted to engage the glenoid cavity in the 
shoulder. See FIGS. 10-13. Because the glenoid cavity does 
not define a close fitting socket, such as found in the acetabu 
lum in the hip joint, the articulation Surface only needs to be 
sufficiently spherical to allow smooth articulation in the gle 
noid cavity. 
0042. As best shown in FIG. 14, articulation surface 90 is 
bounded by an articular margin 92 which defines an articular 
plane 94 generally normal to a head axis 96. In the preferred 
embodiment, where the head is substantially spherical, the 
head axis represents a central axis of rotational symmetry for 
the articulation surface and a center of curvature 98 lies on the 
head axis. See FIG. 11. As shown by the dotted lines in FIG. 
13, the various heads are preferably formed with the same 
radius, but simply represent larger portions of a sphere. It is 
believed that this best reflects the actual anatomical charac 
teristics. 
0043. In the most commonly occurring fracture pattern, 
the anatomic head fractures generally through the articular 
margin and plane. The articular plane defines generally the 
distal extent of head 12. This is important when it is necessary 
to remove the head as part of a revision procedure, because the 
present invention allows the head to be removed from an 
anterior direction without dislocation of the joint and the 
associated trauma. This is not the case with existing implant 
heads, which cannot be separated from the body for removal 
without first dislocating the joint. It is desirable, although not 
required, that the head not project substantially beyond the 
articular plane in the present invention so that it is possible to 
slide the head out of the joint in an anterior direction without 
disruption of the Surrounding bone. Because the remainder of 
the humerus is distal to the articulation plane, the head may be 
slid out in that plane without disruption of the Surrounding 
bone as long as the head does not project Substantially beyond 
the articular plane. Thus, the coupling structure is adapted to 
allow the head to be installed on and removed from the stem 
without dislocating the shoulder after the implant has been 
installed in the shoulder. 

0044 Head 12 includes a mounting surface or backside 
100 disposed opposite the articulation surface and separated 
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from the articulation Surface by the articular margin. Back 
side 100 includes a portion of coupling structure 82 in the 
form of a transverse track or undercut channel 102. Channel 
102 is cut to match the cross-sectional shape and taper of 
dovetail 84 and includes an open end 104 and an inner end 
106. A cylindrical recess 108 extends from the perimeter of 
the head past the inner end of the channel and to a stop 110. A 
groove 112 is formed in recess 108 near the edge of the head. 
0045. The channel is sized so that the head is guided onto 
the body and the dovetail taperlocks in the channel when the 
head is properly positioned. See FIG. 10. The taperlock con 
nection is important because it rigidly secures the compo 
nents and prevents them from fretting against each other and 
generating debris over time. The coupling structure of the 
present invention may also be described as a transversely 
acting taper lock, with a portion of the taper lock being 
disposed on the head and a portion disposed on the body. The 
taper lock of the present invention is transverse acting in that 
it does not rely on motion along the axis of the head to lock, 
contrary to existing designs. In fact, it can be seen that, when 
the head is engaged on the stem, the coupling structure 
mechanically interlocks the head against motion transverse to 
the articular plane. This is in contrast to existing designs, 
which simply rely on africtional interconnection in the direc 
tion transverse to the articular plane. 
0046. A locking member in the form of a screw 114 is 
provided to draw the head firmly onto the body to properly 
seat the taperlock. In particular, after head 12 is initially 
positioned on the body, as shown in FIG. 15, it is slid gener 
ally into position and screw 114 is installed into hole 72 with 
the head of the screw fitting closely into cylindrical recess 
108. See FIG. 16. As the screw is driven in, the head of the 
screw engages stop 110 to pull head 12 firmly onto body 18. 
Screw 114 also serves as a backup interlock to insure that the 
head does not become dislodged. The head of the screw not 
seat completely against the body because some space must be 
left to accommodate machining tolerances in the coupling 
structure so that the taper lock may be drawn tight in all cases. 
0047. When it is necessary to remove the head, as in a 
revision, a tool 120 with a flange 122 secured near the tip of 
the tool is utilized. See FIG. 16. The tip of the tool is initially 
installed in the screw head from a slight angle away from the 
head and then the tool is rotated toward the head to engage the 
flange with taper breaking Surface in the form of a groove 112 
formed in recess 108. As the screw is backed out, the flange 
pulls against the head to dislodge the taperlock. Thus, the 
head can be removed with application of external force to the 
implant, as has been required with prior designs. This reduces 
the chance that the entire implant will be loosened when only 
the head needs to be removed. 

0048. Installation of the implant of the present invention is 
facilitated by a targeting/installation instrument, shown gen 
erally at 130 in FIG. 18. Instrument 130 includes a template 
member 132 to which are mounted a mounting bar 134, a 
height adjusting mechanism 136 and a retroversion guide 
138. Mounting bar 134 serves to join template member 132 to 
implant 10. In particular, bar 134 is hollow and includes a tab 
140 (not shown) at the free end. The bar receives a bolt 142 
with a head 144 and a threaded end 146. To attach the instru 
ment to the implant, the free end of the bar is placed in recess 
74 and aligned so that tab 140 fits into keying notch 76. This 
establishes the correct alignment between the template and 
the implant. The threaded end of the bolt is then screwed into 
hole 72 to secure the instrument to the implant. The bar 
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includes a flat 148 to allow the bar to reach body 18 without 
engaging head 12. In addition, the screw that secures the head 
to the body is not installed until after the instrument is 
removed. 

0049. Once the instrument is mounted to the implant, the 
stem is inserted into the shaft of the humerus. In the typical 
fracture pattern, the head and greater and lesser tubercles are 
separated from the remainder of the humerus, leaving a pipe 
like upper shaft. As a result, there is no remaining reference 
for the correct height of the implant head relative to the top of 
the humeral shaft. It is important to position the head at the 
correct height relative to the humeral shaft to avoid excess 
tension on the deltoid muscle by having the head too high or 
deltoid lag where the head is too low and the deltoid must 
undergo some contraction prior to starting to move the arm. 
0050. The height adjusting mechanism allows the surgeon 

to temporarily set the height of the head and then evaluate the 
deltoid tension. In particular, as shown in FIGS. 18 and 19. 
height adjusting mechanism 136 includes a guide bar 150 
which is moveably mounted to a carriage 152, which is driven 
up and down along a threaded rod 154. With the implant in a 
humeral shaft 156, the guide bar is positioned to sit on top 158 
of the humeral shaft. The Surgeon can then adjust the implant 
up or down by turning the threaded rod. The guide bar estab 
lishes a predetermined height, which can be maintained while 
retroversion is set and even if the implant is removed and 
reinserted, as when bone cement is used. 
0051. After establishing the correct height the surgeon can 
use the retroversion guide to set correct retroversion, as 
shown in FIG. 20. The retroversion guide includes an 
L-shaped rod 160 with a lower sighting arm 162. Rod 160 is 
pivotally and slidably mounted to template 132 to allow the 
height and angular orientation of the sighting arm to be 
adjusted. A set screw 164 allows the position of the rod to be 
fixed once it is in the desired orientation. In use, the sighting 
arm is set for a predetermined retroversion angle relative to 
the head axis, for instance 30-degrees. This can be accom 
plished before attachment to the implant using a protractorjig 
(not shown). With the sighting arm set to the correctorienta 
tion, the patient's forearm is flexed to approximately 90-de 
grees to the humerus. The Surgeon then rotates the implant to 
align the sight arm with the axis of the forearm, thereby easily 
and accurately establishing the desired retroversion. 
0052 Once the correct height and retroversion is estab 
lished, a cannulated drill guide 170 is inserted through guide 
holes 172 provided in the distal end of the template member. 
See FIG. 18. Guide holes 172 are oriented to target locking 
holes 36 in the end of the stem. A drill 174 is inserted though 
the drill guide to bore through the bone over the locking holes. 
One or two screws are installed through the humerus and 
locking holes to secure the implant in place. 
0053 As shown by the dotted lines in FIG. 19, it is pos 
sible to attach the greater tubercle 159 to the implant prior to 
final Securing of the head. This allows the Surgeonto evaluate 
the tension in the rotator cuff and make corrections, if neces 
sary, by moving to a smaller or larger head. One other feature 
of the present invention is the provision of Suture Supports 
180, shown in FIG. 21, which serve to distribute the force of 
the suture over the bone. Particularly in trauma cases, the 
bone is very soft and without supports 180, the sutures will 
Sometimes pull through the bone. By utilizing the Supports, 
the Surgeon can obtain the desired Suture tension without risk 
of the suture pulling through the surface of the bone. 
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0054 The targeting/installation instrument is provided in 
left and right versions, although it would also be possible to 
make mounting bar 134 reversible or symmetric to accom 
modate left and right bodies. In addition, a longer template 
member would be used with the longer shafts used to treat 
mid-shaft fractures. 
0055 Installation and alignment of the implant can also be 
facilitated by placing indications or reference marks on the 
implant, as shown at 200 in FIG.22. Reference marks 200 are 
placed in an alignment section 202 of the stem, generally in 
the area of the stem, which will lie adjacent the top of the 
humeral shaft when installed. Preferably, the reference marks 
include one or more angular marks such as angular indication 
204 and multiple vertically spaced gradations 206, allowing 
both height and angular orientation to be monitored. A plu 
rality of indicia such as letters 208 are applied to the vertically 
spaced gradations marks at intervals to make identifying a 
particular gradation easier. The marks can be laser marked on 
the surface of the implant, etched into the implant or applied 
via any other standard marking process. The marks and indi 
cia would normally be viewed from the anterior direction and 
are therefore preferably placed on that side. In the case of 
implants that can be placed on either the left or right side, the 
marks and indicia would preferably be formed on both sides 
of the implant so that they were visible in either case. 
0056. In use, the surgeon first installs one or more trial 
prostheses to obtain proper fit and positioning in the fashion 
described above. The trial prostheses are typically identical to 
the actual prosthesis, but are assembled from a kit of compo 
nents that are reused from operation to operation. The trial 
prostheses are equipped with reference marks at the same 
locations as the actual prosthesis. Once the correct fit and 
positioning are established, the Surgeon notes which grada 
tion is positioned adjacent to the top of the humeral shaft. The 
surgeon then marks the bone with a methylene blue dye 
marker at the top of the shaft in line with the angular indica 
tion. The Surgeon can then take the actual implant and place it 
in the bone and replicate the trial position, which includes an 
angular orientation and a depth component, by aligning the 
previously noted marks on the actual implant with the previ 
ously determined location on the bone. 
0057 The alignment marks may be implemented on a 
modular or unitary implant and may be used alone or in 
conjunction with the above-described targeting instrument. 
Moreover, such marks are beneficial, even when used without 
a trial device, to verify that an implant has not moved after the 
desired position has been established. 
0.058 Another embodiment of a body for use with a shoul 
der implant according to the present invention is shown at 218 
in FIG.23. Body 218 is similar in construction to body 18, but 
includes a tapered Stud 222 formed on an upper mounting 
surface 280. Ahead 212 is adapted to be mounted to body 218 
by mounting on stud 222. More specifically, the head includes 
a tapered bore 226 which fits over stud 222 and is sized to 
form a taper lock therewith, thus securing the head to the 
body. See FIG. 24. A collar 224 forms the lower boundary of 
mounting surface 280. The collar serves to prevent the body 
from Subsiding down into the humerus and creating an out 
ward pressure on the head tending to loosen the taper lock. 
0059. As best seen in FIG. 25, the axis of the tapered stud 

is offset from an anterior/posterior plane 228 of the body and 
stem. In the disclosed embodiment, the offset, indicated at 
229, is approximately two millimeters in the posterior direc 
tion, as implanted. Generally, suitable offset could be 
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between approximately 1 and 5 millimeters. As a result of the 
offset, the bodies are provided in left and right versions, 
which are mirror images of each other. 
0060. In the disclosed embodiment, the tapered bore is 
positioned approximately 1 millimeter offset from the center 
of the head as depicted at 227 in FIG. 24. This offset allows 
the surgeon to rotate the head to achieve any desired offset 
between 1 and 3 millimeters. By offsetting the tapered stud 
from the anterior/posterior plane, the Surgeon is able to 
achieve a range of posterior offsets without introducing 
excessive superior/inferior offsets. Although the head is 
shown with an offset, it is possible that the head might not 
have any offset, thus eliminating any Superior/inferior offset. 
One of the benefits of eliminating head offset is that it is 
possible to introduce the desired anterior/posterior offset via 
the body without introducing other perturbations into the 
positioning of the head. It is generally desirable to keep the 
head offset to a minimum to reduce the torque created by the 
offset. 
0061. In addition to providing the body in left and right 
versions, it may be desirable to provide multiple left and right 
bodies with various offsets. Because heads are substantially 
more costly to produce than bodies, providing multiple bod 
ies offers a more economical approach to achieving a wide 
variety of anatomical offsets. The body can be manufactured 
by machining from bar stock or may be cast. Another benefit 
of providing side-specific bodies is that the size of the body 
can be kept to a minimum in comparison to adjustable bodies. 
Minimizing the size of the body reduces the amount of bone 
that must be removed to install the implant. 
0062. The anterior/posterior offset described in the con 
text of a cylindrical taper lock may also be implemented on 
the dovetail taper lock previously described by simply offset 
ting the taper lock in the head or on the body or both. 
0063. When one of the implants described above is used as 
treatment for arthritis rather than fracture repair, it is neces 
sary to resect the humeral head. It is important that the resec 
tion process leaves a surface at the top of the humeral shaft 
with a correct retroversion, inclination and height because the 
resection-surface Supports and orients the prosthesis. The first 
step in this process according to a preferred embodiment of 
the present system is to make a coarse resection of the head. 
The coarse resection can be accomplished with a saw, 
osteotome or other tool. 
0064. Once the initial, coarse resection is complete, a 
reamer, such as shown at 300 in FIG. 26, is used to formabore 
down the medullary canal of the humerus. Typically, one or 
more reamers of increasing size are used until the desired fit 
is obtained. The final size will depend on the size of the 
patient and the anatomy of the humerus. The final size should 
result in a relatively snug fit of the reamer in the medullary 
canal, which will translate to a correspondingly good fit of a 
distal portion of a stem with a size matching the reamer. 
0065 Reamer 300 includes a distal fluted section 302 and 
a proximal ratchet drive handle 304. A clearance notch 306 is 
located just below a depth line 308 or other suitable reference 
indicia. The reamer is driven in until the depth line is aligned 
with the top of the greater tuberosity. This depth is chosen to 
locate the head of the implant at the correct height in the 
subsequent steps. When the final reamer is driven so that the 
depth line is aligned with the top of the tuberosity, it is 
relatively stable and is used as a reference for the remaining 
steps. Use of a single reference structure for several or all of 
the preparation steps increases the accuracy and ease of pre 
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paring the humerus. It will be appreciated that while the 
resection method described herein includes using the reamer 
as a reference structure, it is within the scope of the invention 
to remove the reamer from the medullary canal after the bore 
is formed and install any suitable device as the reference 
Structure. 

0066. A cutting guide 310 is attached to reamer 300 at a 
neck 312. See FIG. 27. The cutting guide is the same thick 
ness as the length of the neck and includes a notch 314 that fits 
over the neck. A screw 316 is tightened to secure the cutting 
guide on the reamer. The cutting guide includes a guide plat 
form 318 with a central opening 320. The platform replicates 
the angle of the head of the implant. The central opening 
projects along a direction generally perpendicular to the 
desired resection-surface, down to the position of the head on 
the humerus. 
0067. The cutting guide includes mounting holes 322 on 
each side (see FIGS. 29 and 31) for mounting a retroversion 
alignment structure 324. In particular, alignment structure 
324 includes a bracket 326 disposed at one end with a screw 
327 that fits into one of holes 322. The bracket holds the 
sighting arm with a predetermined orientation to the cutting 
guide. An indexed pivot coupling 328 connects a distal sight 
ing arm 330 to the remainder of the cutting guide. 
0068. The indexed pivot coupling allows the sighting arm 
to be rotated incrementally, in intervals of ten degrees for 
instance. The pivot is marked so that the Surgeon can select 
the desired retroversion angle indicated by the alignment 
structure, i.e., 30-degrees, and then rotate the cutting guide 
until the sighting arm is aligned with the forearm. See FIG. 
28. As with the sighting arm used on the previously described 
positioning jig, the location of the sighting arm near the 
forearm rather that near the shoulder, although not required, 
allows the retroversion angle to be set more accurately and 
reliably. The reamer can be rotated with the cutting guide to 
achieve the correct retroversion. 

0069. Once the retroversion is set, the cutting guide 
defines the height, inclination angle and retroversion angle of 
the resection-surface by guiding one or more cutting instru 
ments used to form the resection-surface. Since cutting guide 
310 is attached to the reamer, the resection-surface is defined 
relative to the medullary canal, thus providing a customized 
fit to the humerus. Cutting guide 310 defines the resection 
Surface and guides the cutting instruments without requiring 
attachment to the humeral head. Thus, cutting guide 310 
provides a simplified resection procedure over cutting guides 
which must be attached (e.g., by Screws, etc.) to the humeral 
head, and then removed after the head has been resected. 
0070 Exemplary cutting instruments are illustrated in 
FIGS. 29-32. Focusing first on FIGS. 29-30, a counter-bore 
bushing 336 is installed in the cutting guide. A counter-bore 
cutter 338 fits closely through the bushing and is aimed at the 
proper location on the humerus to counterbore a recess 
adapted to receive the prosthesis collar and/or the back side of 
the head. The cutter includes cutting edges 340 at the front 
end that remove bone in a flat circular area. The cutter is 
twisted to remove bone along a direction generally perpen 
dicular to the resection-surface, until a shoulder 342 at the 
rear end of the cutter reaches the cutting guide. By this opera 
tion, a flat platform at the correct height, retroversion and 
inclination is created. Notch 306 allows the cutter to reach the 
full depth without striking the reamer. If necessary or desired, 
the bone material around the periphery of the recess platform 
may be removed or reduced by any suitable means. 
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0071. Once the platform is properly shaped, a chisel bush 
ing 343 is installed in the cutting guide, as shown in FIGS. 
31-32. The chisel bushing has a key 344 to insure that bushing 
is installed in the guide in the correctorientation. The bushing 
includes a central opening 346 that is shaped to receive a 
hollow rectangular chisel 348. The bushing guides the chisel 
into the humerus at the proper location to form a recess 
adapted to receive the medial portion of the body. As with 
counter-bore cutter 338, cutting guide 310 guides chisel 348 
alonga direction generally perpendicular to the desired resec 
tion-surface. A shoulder 350 prevents the chisel from cutting 
too deeply into the bone. Once the recess for the implant body 
has been formed, the reamer and cutting guide may be 
removed from the humerus. 

0072 The result of the above steps is that humerus will fit 
very closely around the shoulder implant, without significant 
vertical, lateral or rotational play. This close fit leads to a more 
secure connection of the implant in the humerus and better 
Surgical results. 
0073. It is believed that the disclosure set forth above 
encompasses multiple distinct inventions with independent 
utility. While each of these inventions has been disclosed in its 
preferred form, the specific embodiments thereofas disclosed 
and illustrated herein are not to be considered in a limiting 
sense as numerous variations are possible. The Subject matter 
of the inventions includes all novel and non-obvious combi 
nations and Subcombinations of the various elements, fea 
tures, functions and/or properties disclosed herein. No single 
feature, function, element or property of the disclosed 
embodiments is essential to all of the disclosed inventions. 
Similarly, where the claims recite “a” or “a first element or 
the equivalent thereof, such claims should be understood to 
include incorporation of one or more Such elements, neither 
requiring nor excluding two or more such elements. 
0074. It is believed that the following claims particularly 
point out certain combinations and Subcombinations that are 
directed to one of the disclosed inventions and are novel and 
non-obvious. Inventions embodied in other combinations and 
Subcombinations of features, functions, elements and/or 
properties may be claimed through amendment of the present 
claims or presentation of new claims in this or a related 
application. Such amended or new claims, whether they are 
directed to a different invention or directed to the same inven 
tion, whether different, broader, narrower or equal in scope to 
the original claims, are also regarded as included within the 
subject matter of the inventions of the present disclosure. 

I claim: 
1. A prosthesis for bone, comprising: 
a head configured to replace an end portion of a first bone 

and to articulate with an adjacent second bone; and 
a stem configured to be disposed in a bore formed in a 

medullary canal of the first bone, the stem defining a 
longitudinal axis, 

wherein the head and stem include coupling structure that 
permits the head to be mounted onto the stem by sliding 
the head into engagement with the stem in a direction 
transverse to the longitudinal axis of the stem. 

2. The prosthesis of claim 1, wherein the direction in which 
the head slides onto the stem is a first traverse direction, and 
wherein the coupling structure tapers in a second transverse 
direction that opposes the first transverse direction. 
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3. The prosthesis of claim 1, wherein the stem includes a 
pedestal, and wherein the head defines a cavity configured to 
receive the pedestal when the head slides into engagement 
with the stem. 

4. The prosthesis of claim 1, wherein the coupling structure 
includes a dovetail coupling structure. 

5. The prosthesis of claim 1, further comprising a screw 
configured to lock the head to the stem after the head is 
mounted onto the stem. 

6. The prosthesis of claim 5, wherein the stem defines an 
internally threaded aperture configured to receive the screw in 
threaded engagement. 

7. The prosthesis of claim 5, wherein the screw includes a 
head, and wherein the head of the screw is configured to block 
removal of the head from the stem. 

8. The prosthesis of claim 1, wherein the stem includes a 
shaft member and a body member arranged along the longi 
tudinal axis, wherein the shaft member and the body member 
are discrete from each other, and wherein the body member 
engages the head when the head is mounted onto stem. 

9. The prosthesis of claim 1, wherein the stem includes a 
first portion and a second portion arranged along the longitu 
dinal axis with the first portion spaced from the head, wherein 
the first portion has a Substantially uniform diameter, and 
wherein the second portion is wider than the substantially 
uniform diameter of the first portion. 

10. A method of installing a prosthesis in bone, compris 
ing: 

disposing a stem of a prosthesis in a bore formed in a 
medullary canal of a first bone, the stem defining a 
longitudinal axis; and 

mounting a head of the prosthesis onto the stem, the head 
being configured to replace an end portion of the first 
bone and to articulate with an adjacent second bone, 

wherein the step of mounting includes a step of sliding the 
head into engagement with the stem in a direction trans 
verse to the longitudinal axis of the stem. 

11. The method of claim 10, further comprising a step of 
forming the bore longitudinally in the medullary canal of the 
first bone. 

12. The method of claim 10, wherein the direction in which 
the head slides onto the stem is a first traverse direction, and 
wherein the coupling structure tapers in a second transverse 
direction that opposes the first transverse direction. 

13. The method of claim 10, wherein the stem includes a 
pedestal, wherein the head defines a cavity, and wherein the 
step of mounting includes a step of disposing the pedestal of 
the stem in the cavity of the head. 

14. The method of claim 10, wherein the coupling structure 
includes a dovetail coupling structure. 

15. The method of claim 10, further comprising a step of 
locking the head to the stem with a screw. 

16. The method of claim 15, wherein the stem defines an 
internally threaded aperture, and wherein the step of locking 
includes a step of disposing the screw in the internally 
threaded aperture, to create threaded engagement of the screw 
with the stem. 

17. The method of claim 15, wherein the screw includes a 
head, and wherein the step of locking includes a step of 
blocking removal of the head from the stem with the head of 
the screw. 

18. The method of claim 10, where the stem includes a 
shaft member and a body member configured to be arranged 
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along the longitudinal axis of the stem, further comprising a 
step of attaching the shaft member and the body member to 
each other. 

19. The method of claim 10, wherein the stem includes a 
first portion and a second portion arranged along the longitu 
dinal axis with the first portion spaced from the head, wherein 
the first portion has a Substantially uniform diameter, and 
wherein the second portion is wider than the substantially 
uniform diameter of the first portion. 

20. A method of positioning a prosthesis in a bone, com 
prising: 

providing a trial prosthesis having a shaft with spaced 
reference marks: 
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positioning the shaft of the trial prosthesis in the medullary 
canal of the bone using a positioning jig that holds the 
trial prosthesis at a desired position relative to an 
exposed site of the bone; 

noting a location of a selected reference mark on the shaft 
relative to the exposed site of the bone, when the trial 
prosthesis is in the desired position; 

removing the trial prosthesis; 
providing an actual prosthesis having spaced reference 

markings that correspond to the spaced reference marks 
of the trial prosthesis; and 

positioning the actual prosthesis in the bone to replicate the 
location of the selected reference mark with a corre 
sponding reference marking of the actual prosthesis. 

c c c c c 


