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CENTRALLY DRIVEN EXPANDABLE 
IMPLANT AND METHOD 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld of 
replacing portions of the human structural anatomy With 
medical implants, and more particularly relates to an expand 
able implant and method for replacing skeletal structures 
such as one or more vertebrae or long bones. 

BACKGROUND 

[0002] It is sometimes necessary to remove one or more 

vertebrae, or a portion of the vertebrae, from the human spine 
in response to various pathologies. For example, one or more 
of the vertebrae may become damaged as a result of tumor 
groWth, or may become damaged by a traumatic or other 
event. Removal, or excision, of a vertebra may be referred to 
as a vertebrectomy. Excision of a generally anterior portion, 
or vertebral body, of the vertebra may be referred to as a 
corpectomy. An implant is usually placed betWeen the 
remaining vertebrae to provide structural support for the 
spine as a part of a corpectomy. FIG. 1 illustrates four verte 
brae, Vl-V4 of a typical lumbar spine and three spinal discs, 
Dl-D3. As illustrated, V3 is a damaged vertebra and all or a 
part of V3 could be removed to help stabiliZe the spine. If 
removed along With spinal discs D2 and D3, an implant may 
be placed betWeen vertebrae V2 and V4. Most commonly, the 
implant inserted betWeen the vertebrae is designed to facili 
tate fusion betWeen remaining vertebrae. Sometimes the 
implant is designed to replace the function of the excised 
vertebra and discs. All or part of more than one vertebrae may 
be damaged and require removal and replacement in some 
circumstances. 
[0003] Many implants are knoWn in the art for use in a 
corpectomy procedure. One class of implants is siZed to 
directly replace the vertebra or vertebrae that are being 
replaced. Another class of implants is inserted into the body in 
a collapsed state and then expanded once properly positioned. 
Expandable implants may be advantageous because they 
alloW for a smaller incision When properly positioning an 
implant. Additionally, expandable implants may assist With 
restoring proper loading to the anatomy and achieving more 
secure ?xation of the implant. Implants that included inser 
tion and expansion mechanisms that are narroWly con?gured 
may also provide clinical advantages. In some circumstances, 
it is desirable to have vertebral endplate contacting surfaces 
that effectively spread loading across the vertebral endplates. 
Effective implants should also include a mechanism for 
securely locking in desired positions, and in some situations, 
being capable of collapsing. Fusion implants With an uninter 
rupted opening betWeen their ends may also be advantageous 
because they alloW for vasculariZation and bone groWth 
through the entire implant. 
[0004] Expandable implants may also be useful in replac 
ing long bones or portions of appendages such as the legs and 
arms, or a rib or other bone that is generally longer than it is 
Wide. Examples include, but are not limited to, a femur, tibia, 
?bula, humerus, radius, ulna, phalanges, clavicle, and any of 
the ribs. 

SUMMARY 

[0005] One embodiment of the invention is an expandable 
medical implant for supporting skeletal structures. The 
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implant includes a ?rst tubular member With a connection end 
and an opposite skeletal interface end, and a second tubular 
member With a connection end con?gured to engage With the 
connection end of the ?rst tubular member, the second tubular 
member having an opposite skeletal interface end. A key pin 
is ?xed to the ?rst tubular member and positioned in a slot in 
the second tubular member so that the key pin guides trans 
lation betWeen the ?rst tubular member and the second tubu 
lar member. 
[0006] An embodiment of the invention is an expandable 
medical implant for supporting skeletal structures having a 
?rst tubular member With a connection end and an opposite 
skeletal interface end, and a second tubular member With a 
connection end con?gured to engage With the connection end 
of the ?rst tubular member, the second tubular member hav 
ing an opposite skeletal interface end. The second tubular 
member intermittently locks relative to the ?rst tubular mem 
ber as the implant is expanded. In use in some embodiments, 
the implant includes an insertion instrument for translating 
the ?rst tubular member relative to the second tubular mem 
ber. The insertion instrument has a ?rst tip for attaching to the 
skeletal interface end of the ?rst tubular member, a second tip 
for attaching to the skeletal interface end of the second tubular 
member, and a spreader mechanism for translating the ?rst tip 
aWay from the second tip. Moving the ?rst tip toWard the 
second tip results in the ?rst tubular member being released 
relative to the second tubular member to permit the expand 
able medical implant to be reduced in length. 
[0007] Another embodiment of the invention is an end 
member for a medical implant having a length. The end 
member is con?gured to interface With a skeletal structure at 
the end of the medical implant’s length. In some embodi 
ments, the end member includes an end cap With a thickness 
that provides connection to the medical implant and connec 
tion to the skeletal structure, and a shoe for attachment to the 
end cap. The shoe spans at least a portion of an opening 
through the end cap, and provides at least in part an interface 
With the skeletal structure. 
[0008] An additional embodiment of the invention is a 
method of placing a medical implant betWeen skeletal struc 
tures With an insertion instrument. The method includes 
accessing a surgical site and expanding the medical implant to 
?t in a space betWeen skeletal structures by moving at least a 
portion of the insertion instrument in a ?rst direction. The 
medical implant progressively locks as expanded. If the 
locked implant needs to be released from the locked position, 
the locked implant is released by moving the portion of the 
insertion instrument in a generally opposite direction. 
[0009] Yet another embodiment of the invention is an 
expandable device for supporting skeletal structures. The 
embodiment includes an implant means for expanding into a 
space betWeen skeletal structures in a progressively locked 
state, and an instrument means for expanding the implant into 
the space by movement of at least a portion of the instrument 
in a ?rst direction. Movement of the at least a portion of the 
instrument in a generally opposite direction releases the 
locked state of the implant. 
[0010] Another embodiment of the invention is an expand 
able medical implant for supporting skeletal structures, the 
medical implant having a length along its expandable dimen 
sion. The implant embodiment includes a ?rst tubular mem 
ber With a connection end, an opposite skeletal interface end, 
and a central expansion instrument opening. The implant 
embodiment also includes a second tubular member With a 



US 2011/0087328 A1 

connection end con?gured to engage With the connection end 
of the ?rst tubular member. The second tubular member has 
an opposite skeletal interface end. Embodiments of the inven 
tion include an expansion instrument insertable through the 
central expansion instrument opening and expandable against 
the ?rst tubular member and the second tubular member to 
expand the medical implant. The combined ?rst and second 
tubular members are of a greater dimension along the length 
of the implant than the combined ?rst and second tubular 
members are in any dimension perpendicular to their length. 

[0011] An embodiment of the invention is a method of 
placing an expandable vertebral body replacement device that 
includes making an incision adjacent to a vertebral body, 
removing at least a portion of the vertebral body, and placing 
an expandable vertebral body replacement device on an inser 
tion end of a contracted expansion instrument. The contracted 
expansion instrument is con?gured to pass through a central 
portion of the expandable vertebral body replacement device 
Without extending onto any surface of the expandable verte 
bral body replacement device that is lateral to an insertion 
direction. The method embodiment also includes inserting 
the vertebral body replacement device at least in part into a 
volume left open after removal of the portion of the vertebral 
body, expanding the expansion instrument to secure the ver 
tebral body replacement device, and removing the expansion 
instrument through the incision. 
[0012] Another embodiment of the invention is a device for 
supporting skeletal structures having an expandable implant 
With a ?rst tubular member and a second tubular member and 
having a means for receiving an expansion instrument, and an 
expansion instrument means for expanding against the ?rst 
tubular member and the second tubular member to expand the 
medical implant. The expansion instrument means is cen 
trally located on the expandable implant such that When the 
expandable implant is placed in a person to support the skel 
etal structures With the expansion instrument means attached, 
ends and lateral extents of the expandable implant are vieW 
able from the direction of insertion of the implant. 

[0013] An embodiment of the invention is an expandable 
medical implant With a length along its expandable dimen 
sion. The medical implant is for supporting skeletal struc 
tures. The implant includes a ?rst tubular member With a 
connection end having a ?rst set of protrusions and an oppo 
site skeletal interface end. The implant embodiment includes 
a second tubular member With a connection end including a 
second set of protrusions con?gured to engage With the con 
nection end of the ?rst tubular member, the second tubular 
member including an opposite end opposite from the connec 
tion end. The ?rst set of protrusions includes a ?ank With a 
negative ?ank angle. The ?ank is positively loaded When the 
implant is compressively loaded along its length. 
[0014] Another embodiment of the invention is an expand 
able medical implant With a length along its expandable 
dimension. The medical implant is for supporting skeletal 
structures and includes a ?rst tubular member With a connec 
tion end having a ?rst set of protrusions and an opposite 
skeletal interface end. The implant also includes a second 
tubular member With a connection end having a second set of 
protrusions con?gured to engage With the connection end of 
the ?rst tubular member. The second tubular member has an 
opposite end opposite from the connection end. Compres 
sively loading the implant along its length generates a com 
pressive force betWeen the ?rst and second tubular member 
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transverse to the length of the implant. This force tends to 
more securely engage the ?rst and second sets of protrusions. 
[0015] Yet another embodiment of the invention is an 
expandable medical implant With a length along its expand 
able dimension, the medical implant for supporting skeletal 
structures. The embodiment of the implant includes a ?rst 
tubular member With a connection means, a second tubular 
member With a connections means for coupling With the ?rst 
tubular member, means for translating the ?rst tubular mem 
ber relative to the second tubular member to provide coarse 
expansion adjustment, and means for providing ?ne length 
adjustment by turning the second tubular member relative to 
the ?rst tubular member. 
[0016] Still another embodiment of the invention is a 
method of implanting an expandable medical implant With a 
length along the expandable dimension of the implant. The 
method embodiment includes the acts of pulling a ?rst tubular 
member With a ?rst set of threads aWay from a second tubular 
member With a second set of threads, causing the ?rst and 
second sets of threads to translate relative to one another 
along the length of the implant, and turning the second tubular 
member relative to the ?rst tubular member to adjust the 
expanded length of the medical implant. 
[0017] An embodiment of the invention is a method of 
implanting an expandable medical implant With a length 
along the expandable dimension of the implant. The embodi 
ment includes the act of pulling a ?rst tubular member With a 
?rst set of right-hand threads aWay from a third tubular mem 
ber With a fourth set of left-hand threads. The medical implant 
comprising a second tubular member With a second set of 
right-hand threads and a third set of left-hand threads, the act 
of pulling causing the ?rst and second sets of threads to 
translate relative to one another along the length of the 
implant and the third and fourth sets of threads to translate 
relative to one another along the length of the implant. An 
additional act of the embodiment is turning the second tubular 
member relative to the ?rst and third tubular members to 
adjust the expanded length of the medical implant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is an elevation vieW of a segment of a lumbar 
spine. 
[0019] FIG. 2 is a perspective vieW of an expandable 
implant. 
[0020] FIG. 3 is side cross-sectional vieW of the implant of 
FIG. 2. 
[0021] FIG. 4 is an enlarged vieW of a portion of the implant 
illustrated in FIG. 3. 
[0022] FIG. 5 is an exploded vieW ofthe implant ofFIG. 2. 
[0023] FIG. 6 is a perspective vieW ofthe implant ofFIG. 2 
and an attached instrument. 

[0024] FIG. 7 is an enlarged perspective vieW of the implant 
of FIG. 2 and a portion of an attached instrument. 

[0025] FIG. 8 is an elevation vieW of the implant of FIG. 2 
and a portion of an attached instrument in an expanded state. 
[0026] FIG. 9 is an elevation vieW of the implant of FIG. 2 
and a portion of an attached instrument in an expanded state, 
and With the instrument positioned to release the implant for 
collapsing. 
[0027] FIG. 10 is a side cross-sectional vieW of the implant 
and instrument of FIG. 9. 
[0028] FIG. 11 is a partially exploded perspective vieW of 
an embodiment of the implant. 
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[0029] FIG. 12 is a perspective vieW of an embodiment of 
an end shoe. 
[0030] FIG. 13 is a perspective vieW ofthe implant of FIG. 
11. 
[0031] FIGS. 14A and 14B are perspective vieWs of 
implants embodiments of varying siZes. 
[0032] FIG. 15 is a perspective vieW of an implant embodi 
ment attached to a modular embodiment of an instrument. 
[0033] FIG. 16 is a partially exploded perspective vieW of a 
connection Within the modular instrument of FIG. 15. 
[0034] FIG. 17 is a perspective vieW of another expandable 
implant embodiment and a portion of an attached instrument. 
[0035] FIG. 18 is a perspective vieW of the implant and 
instrument of FIG. 17 in a more expanded state. 
[0036] FIG. 19 is a partially cut aWay perspective vieW ofa 
component of the implant of FIG. 17. 
[0037] FIG. 20 is an elevation vieW ofa component of the 
implant of FIG. 17. 
[0038] FIG. 21 is a perspective vieW of another expandable 
implant embodiment and a portion of an attached instrument 
betWeen vertebrae. 
[0039] FIG. 22 is a perspective vieW of the implant and 
instrument of FIG. 21 in a more expanded state. 
[0040] FIG. 23 is perspective vieW of the superior end of the 
implant of FIG. 21 With a partially cut aWay section. 
[0041] FIG. 24 is an enlarged perspective vieW of the supe 
rior end of the implant of FIG. 21. 
[0042] FIG. 25A is a cross-sectional vieW of a prior art 
thread pro?le. 
[0043] FIG. 25B is a cross-sectional vieW of protrusions of 
an embodiment of the implant of FIG. 21. 
[0044] FIG. 26 is perspective vieW the inferior end of the 
implant of FIG. 21 With a partially cut aWay section. 

DETAILED DESCRIPTION 

[0045] FIGS. 2-5 illustrate an expandable medical implant 
1 for supporting skeletal structures. In the illustrated embodi 
ment, the medical implant 1 includes a ?rst tubular member 
10 With a connection end 11 and opposite ?rst skeletal inter 
face end 12, and a second tubular member 20 With a connec 
tion end 21 con?gured to engage With the connection end 11 
of the ?rst tubular member 1 0. The second tubular member 20 
has an opposite second skeletal interface end 22. A key pin 13 
is ?xed to the ?rst tubular member 10 and positioned in a slot 
23 in the second tubular member 20 such that the key pin 13 
guides translation betWeen the ?rst tubular member 10 and 
the second tubular member 20. The embodiment shoWn 
includes a medial aperture 5 through Which bone groWth 
material may be packed and through Which bone groWth may 
occur. Additionally, the medial aperture 5 is an aid in radio 
graphic assessment When the implant 1 is made from a mate 
rial that is not radiolucent. Openings 6 are also useful for 
packing of bone groWth material, and provide channels 
through Which bone groWth may occur. 
[0046] The term tubular as used herein includes generally 
cylindrical members as are illustrated in FIG. 2, but may also 
include other enclosed or partially enclosed cross-sectional 
shapes. By Way of example and Without limitation, tubular 
includes fully or partially, cylindrical, elliptical, rectangular, 
square, triangular, semi-circular, polygonal, and other cross 
sectional shapes of these general types. 
[0047] The illustrated key pin 13 guides the translation of 
the ?rst and second tubular members 10, 20 and provides 
torsional stability betWeen the tubular members 10, 20. In 
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addition, as shoWn in FIG. 2, the key pin 13 provides a 
positive stop to the expansion of the medical implant 1 by 
limiting the travel of the second tubular member 20 With 
interference betWeen the key pin 13 and the bottom 24 of the 
slot 23. Similarly, the key pin 13 provides a positive stop to the 
contraction of the medical implant 1 by limiting the travel of 
the second tubular member 20 With an interference betWeen 
the key pin 13 and the top 26 of the slot 23. As Will be 
described in more detail beloW, the key pin 13 also provides a 
connection interface betWeen an insertion instrument and the 
?rst tubular member 10. 

[0048] As shoWn in the illustrated embodiment, the ?rst 
tubular member 10 ?ts Within the second tubular member 20. 
HoWever, in other embodiments, the ?rst tubular member 
may be of greater diameter than the second tubular member 
With the connection betWeen the tWo members being reversed 
in orientation. Alternatively, the ?rst and second tubular 
members may be of approximately the same siZe, but have 
legs that exist coplanarly or Within the same tubular geometry 
With the legs of the other. 
[0049] As shoWn in FIGS. 2, 3, and 5, the ?rst tubular 
member 10 includes a relief cut 14 to facilitate portions of the 
?rst tubular member 10 ?exing aWay from the second tubular 
member 20 to permit translation betWeen the ?rst and second 
tubular members. The ?exing may be induced by pulling the 
?rst tubular member 10 aWay from the second tubular mem 
ber 20 to expand the medical implant 1. Referring noW to FIG. 
4, pulling the ?rst tubular member 10 doWn While pulling the 
second tubular member 20 up causes the inclined ?rst ?ank 17 
of the ?rst protrusions, or ?rst set of teeth 15, to press against 
the second ?ank 27 of the second protrusions, or second set of 
teeth 25. Because the second tubular member 20 has a con 
tinuous cross-section, it has a relatively stronger lateral resis 
tance than the ?rst tubular member 10 With its relief cut 14. 
Therefore, the force induced betWeen the ?rst and second 
?anks, 17, 27, causes the ?rst tubular member 10 to ?ex aWay 
from the second tubular member 20. In other embodiments, a 
relief cut in the second tubular member 20 and a continuous 
shape in the ?rst tubular member 10 could cause ?exing of the 
second tubular member rather than the ?rst. The degree and 
direction of ?exing can be controlled by the use of different 
materials, various degrees of relief cutting, different cross 
sectional shapes, and the shapes of the teeth or protrusions 
employed, among other factors. The force required for vari 
ous degrees of ?exing of the members is proportional to the 
force required to expand the implant. Therefore, the force 
required to expand the implant may be maintained Within a 
desirable range by controlling the factors detailed above. 
[0050] As best illustrated in FIGS. 3 and 4, the ?rst tubular 
member 10 includes a set of ?rst teeth 15, or more generally, 
protrusions, Wherein the roWs of teeth are adjacent to one 
another. The second tubular member 20 includes a set of 
second teeth 25, or more generally, protrusions, Wherein the 
roWs of teeth are not adjacent to one another. As shoWn, every 
other roW of the set of second teeth 25 has been removed. 
HoWever, in other embodiments, every third or fourth or some 
other number of roWs may contain teeth, or the tooth pattern 
may repeat in some non-uniform fashion. If the sets of teeth 
Were threads instead, a similar effect could be achieved by 
Widening the pitch of the threads on one of the tubular mem 
bers. 

[0051] The ?rst set of teeth 15 interdigitate With every other 
one of the teeth of the set of second teeth 25. This or other 
varied spacings may be advantageous. As noted above, the 


















