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VERTEBRAL COLUMNIMPLANT 

0001. This application is a Divisional application of U.S. 
patent application Ser. No. 1 1/976,138, filed Oct. 22, 2007, 
herein incorporated in its entirety by reference. 
0002 This invention relates to a vertebral column implant, 
comprising a connecting element and a multiplicity of bone 
screws, which are screwable into the vertebral bodies of the 
vertebral column and which are each provided with a head 
part for receiving the connecting element, with which head 
parts a firm connection is achievable between bone screw and 
connecting element, and the connecting element is able to be 
put together from rigid sections and elastic sections. 
0003 Vertebral column implants are known in the state of 
the artin diverse ways. One hereby distinguishes between two 
types of systems, namely stabilizing systems consisting of a 
rigid connecting element, which have as their goala stiffening 
of the respective vertebral column, and elastic systems, with 
which a supporting stabilization of the vertebral bodies is 
achieved, a certain flexibility between the individual vertebral 
bodies being desired and allowed. 
0004 Rigid stabilization systems, which are known in a 
manifold way, have, as already mentioned, the goal that prob 
lematic vertebral bodies receive a stiffening, so that an 
osseous growing together of the affected vertebral bodies is 
achieved. In order to achieve an optimal stabilization, adja 
cent healthy vertebral bodies must also be included, in addi 
tion to the problematic vertebral bodies, which can result in 
the stiffening taking place over too great an area. Moreover it 
has often been noted that with the transition from stabilized to 
no longer stabilized vertebral bodies the load of the vertebral 
column is too great, so that at this transition point there can be 
damage as a result of too great a load on the adjacent vertebral 
bodies. 
0005. As has already been mentioned, through the known 
elastic systems, the vertebrae are stabilized in a Supporting 
way, a certain flexibility between the vertebral bodies being 
desired and facilitated, however. This system has the draw 
back, however, that for greatly affected vertebral bodies, in 
which a stiffening would be desired, a stiffening cannot be 
attained with these elastic systems; an osseous growing 
together of the affected vertebral bodies cannot be achieved. 
0006 Known from US 2006/0142758 A1 is a combined 
system, in which elastic and rigid stabilization regions are 
used. Used hereas the elastic stabilization element is a helical 
spring-synthetic material combination. This elastic stabiliza 
tion element is connected to the screws via a pure clamping 
connection. 
0007. The object of the present invention is to create a 
vertebral column implant, with which it is possible to achieve 
regionally a rigid stabilization of the vertebral column, while 
in the bordering area the vertebral bodies are supported and 
stabilized through an elastic system, without a stiffening tak 
ing place, and which makes it possible in an optimal and 
simple way to connect the rigid and elastic elements. 
0008. This object is achieved according to the invention in 
that the rigid sections are connectible to the elastic sections 
via connecting devices, and the connecting devices are 
designed Such that the rigid sections and elastic sections 
connected together in each case are aligned Substantially 
coaxially, and the connection is form-fitting. 
0009 Created with this design of the invention is a modu 
lar system, in which the possibility exists of stabilizing adja 

Jul. 19, 2012 

cent vertebral bodies rigidly, while further adjacent vertebral 
bodies are elastically supported and stabilized, a limited pos 
sibility of movement being allowed. One thereby has diverse 
possibilities of stabilizing the vertebral column regionally in 
an elastic or rigid way, without the intervention on the patient 
becoming more complex. Thus achieved can be, for example, 
that the transition phase from rigidly stabilized vertebral bod 
ies to the vertebral bodies no longer to be stabilized can be 
designed with more care via an elastically stabilized region in 
the transition area. At least a partial load relief of the affected 
vertebral bodies canthus beachieved in the area of transition 
from the rigidly stabilized vertebral bodies to the no longer 
stabilized vertebral bodies. With this modular vertebral col 
umn implant, optimally adapted Solutions in each individual 
case thus result in which the connections between the rigid 
sections and the elastic sections are optimal through form 
locking. 
0010 Since the connecting devices are designed such that 
the rigid sections and the elastic sections connected together 
in each case are aligned substantially coaxially, great advan 
tages and simplification result during insertion of implants 
assembled from Such rigid and elastic sections. 
0011. The rigid sections are preferably made of a metal 
alloy, in particular a titanium alloy, which results in an opti 
mal tolerance in the patients treated with Such implants. 
0012. The elastic sections are preferably made of a bio 
compatible synthetic material, in particular based on polyure 
thane, whereby the surface can be provided with encircling 
ribs and grooves. 
0013. A further preferred embodiment of the invention 
consists in that the connecting devices are formed by a 
U-shaped bow made of a rigid material, which connecting 
devices have at the bottom of the bow and along the inner side 
of the legs grooves and ribs corresponding to the ribs and 
grooves of the elastic sections. Through the co-operation of 
the ribs and grooves in the connecting device of the elastic 
section and of the U-shaped bow a firm, form-fitting connec 
tion is obtained. A pressing of the elastic section, which 
would be necessary with a clamping connection, and which 
could lead to a viscoelasticity of the elastic section, can 
thereby be avoided. 
0014 Preferably the U-shaped bow with the inserted elas 

tic section is lockable with a locking piece which is insertable 
between the legs of the bow and is held via engagement 
means. A very simple procedure is thereby obtained for inser 
tion and holding of the elastic section in the U-shaped bow, 
which can have a positive effect on the duration of the opera 
tive intervention. 
0015. Another preferred embodiment of the invention 
consists in that the locking piece has on the side facing the 
section ribs and grooves that correspond to the ribs and 
grooves of the elastic section when the locking piece is in the 
inserted State. Thus the locking piece also contributes to the 
form-fitting connection between the elastic section and the 
U-shaped bow in an optimal way. 
0016. The connecting devices are preferably attached in 
each case at an end of a rigid section or at the head part of a 
screw. An optimal configuration of these connecting devices 
results therefrom. The connecting together of the different 
sections can take place in an optimal way. 
0017. A connecting element can also be prefabricated, and 
can be made up of at lest one rigid and at least one elastic 
section. Preferably the respective connecting device then 
includes at the rigid section a coaxial bore whose inner wall 
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ing is provided with projections, in which bore the elastic 
element is insertable in the production process through cast 
ing or injection molding, whereby a form-fitting connection is 
obtained. The projections here can have different designs. 
0018. A further preferred embodiment of the invention 
consists in that the head parts of the screws are separate from 
the screws, and have a receiving region for receiving a screw, 
which screw with the head part of the screw is attachable via 
a clamping screw, with which clamping screw the rigid sec 
tion is able to be fixed in the head part of the screw. In this way 
the screws can first be inserted in the vertebral bodies, and the 
head part, in which the sections are able to be held, can be 
Subsequently aligned with respect to the screw and the con 
necting element. 
0019 Preferably the receiving region of the head part of 
the screw has the shape of a spherical recess for receiving a 
screw, and the upper portion of the screw is designed as a 
spherical head. In this way the head part allows itself to be 
optimally aligned in relation to the screw and to be adapted to 
the sections to be received therein. 
0020 Embodiments of the invention will be explained 
more closely in the following, by way of example, with ref 
erence to the attached drawing. 
0021 FIG. 1 shows in a schematic representation (not to 
scale) a vertical column implant inserted in the vertical col 
umn with a connecting element, which implant is made up of 
a rigid section and an elastic section; 
0022 FIG. 2 shows in a three-dimensional representation 
the vertebral column implant, as shown in FIG. 1; 
0023 FIG. 3 shows in a three-dimensional representation 
a view of a connecting device; 
0024 FIG. 4 shows in a three-dimensional representation 
a view of further connecting devices; 
0025 FIG. 5a shows in a three-dimensional representa 
tion a connecting device which is installed on the head part for 
a Screw; 
0026 FIG. 5b is a sectional representation of the connect 
ing device according to FIG. 5a, 
0027 FIG. 6 shows in a three-dimensional representation 
another configuration of a possibility for a vertebral column 
implant; 
0028 FIG. 7 is a sectional representation of a screw with 
head part put on, a connecting device being installed at the 
head part; and 
0029 FIG. 8 shows in a disassembled, three-dimensional 
representation a screw with head part and connecting device 
installed on this head part. 
0030 FIGS.9 to 12 show various possibilities of connect 
ing elastic sections and rigid sections when parts of a con 
necting element, made up of elastic and rigid sections, are 
prefabricated. 
0031. As can be seen from FIG. 1, first screws 1 are 
screwed into vertebral bodies 2. These first screws 1 each bear 
a first head part 3, which head parts are designed for receiving 
an elastic section 4, which will still be described in detail later. 
The one end region of the elastic section 4 is inserted in a 
connecting device 5, which connecting device 5 is attached to 
a rigid section 6, as will also be described in detail later. This 
rigid section 6 is held in second head parts 7, which are 
installed on second screws 8, which are likewise screwed into 
the vertebral bodies 2. The elastic section 4 and the rigid 
section 6 form together the connecting element 9, with which 
a portion of a vertebral column can be stabilized, with the aid 
of screws 1 and 8. 
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0032 FIG. 2 shows first screws 1 with first head parts 3 
and second screws 8 with second head parts 7. The first head 
parts 3 are each formed by a 
0033 U-shaped bow 10 whose inner sides are provided 
with ribs 11 and grooves 12. The elastic section 4 is likewise 
provided with encircling ribs 13 and grooves 14. The elastic 
section 4 is inserted in each case in the U-shaped bow 10, the 
ribs 11 and grooves 12 of the U-shaped bow 10 engaging in 
each case in the ribs 13 and grooves 14 of the elastic section 
4 in a form-fitting way. The respective 
0034 U-shaped bow 10 is then locked with a locking piece 
15, the locking pieces 15 being likewise provided with ribs 16 
and grooves 17 in the area facing the elastic section 4 and on 
the sides, so that these locking pieces 15 also form a form 
fitting connection with the elastic section 4 and the U-shaped 
bow 10. The locking piece 15 can be held in the respective 
U-shaped bow 10 by a locking means 18. Such screws with 
the elastic section and the locking pieces are described, for 
example, in the European patent application EP-A-1 527 742. 
0035. The second head parts 7 of the second screws 8 are 
likewise designed bow-shaped, so that a rigid section 6 can 
also be inserted in these second head parts 7 of the second 
screw 8. This rigid section 6 will be held in a known way via 
clamping screws 19 in the second head parts 7 of the second 
screws 8. 
0036 Attached to the rigid section 6 is the connecting 
device 5, with which the rigid section 6 and the elastic section 
4 are able to be connected together. 
0037. This rigid section 6 and the elastic section 4 could 
also be joined together to form a pre-assembled connecting 
element 9 and in this pre-assembled state be inserted and fixed 
in the head parts 3 and 7 of the screws 1 and 8 already screwed 
into the vertebral bodies. 
0038 Shown in FIG.3 is the connecting device 5. For this 
purpose, a U-shaped bow 20 is formed on the end of a rigid 
section 6. This U-shaped bow is provided with two legs 21 
and 22. Ribs 24 and grooves 25 are made at the bottom 23 of 
this U-shaped bow 20 and along the inner side of the legs 21 
and 22. An end region of the elastic section 4 can then be 
inserted in this U-shaped bow 20. The ribs 24 and grooves 25 
of the U-shaped bow 20 then engage in the corresponding ribs 
13 and grooves 14 of the elastic section 4. A form-fitting 
connection is thereby obtained. The elastic section 4 and the 
rigid section 6 in the connected State are coaxially aligned. 
0039. The U-shaped bow 20 can be locked by means of a 
locking piece 26. The U-shaped bow 20 is designed the same 
way here as the U-shaped bow 10 of the first screw 1, as can 
be seen in FIG. 2; the locking piece 26thus corresponds to the 
locking piece 15 (likewise FIG. 2). The locking piece 26 also 
has ribs and grooves on the region 27 facing the elastic sec 
tion. In addition, corresponding ribs and grooves are also 
provided on the sides 28 and 29 of the locking piece 26. Thus, 
in the state of being inserted in the U-shaped bow 20, the 
locking piece 26 is connected to the U-shaped bow 20 in a 
form-fitting way via the grooved sides 28 and 29. A form fit 
also occurs in the region 27, and, to be more precise, with the 
elastic section 4. The locking piece 26 is held in the U-shaped 
bow 20 via engagement means 30. 
0040. The rigid section 6 and the U-shaped bow 20 
attached thereto are made of a metal alloy, in particular a 
titanium alloy. The elastic section is made up of a biocompat 
ible synthetic material based on polyurethane, whereby it has 
the desired flexibility. The locking piece 26 is also made of the 
same material, whereby, for engagement in the U-shaped bow 
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20, the regions bearing the engagement 30 are elastically 
deformable, and the engagement means 30 are able to engage 
in the corresponding recesses 31 of the U-shaped bow 20. 
0041 FIG. 4 shows a rigid section 6, on whose two end 
areas one connecting device 5 each is attached, as described in 
reference to FIG. 3. An elastic section 4 can be inserted in the 
U-shaped bow 20 in each case, and can be held with the 
locking piece 26. Thus a connecting element 9, different 
when compared to the connecting element 9 shown in FIG.3, 
can be obtained. The rigid section 6 is held by second screws 
8, while the elastic sections 4 can be held by first screws 1 
(FIG. 2). By means of this configuration, two vertebral bod 
ies, for example, could be rigidly stabilized via the rigid 
section 6 and the corresponding second screws 8; the adjacent 
vertebral bodies, in which the first screws 1 are inserted, can 
be elastically stabilized. 
0042 FIGS. 5a and 5b show a connecting device5, which 

is attached on the second head part 7 of a second screw 8. 
Here, too, the connecting device 5 is configured in a way 
identical to that described with reference to FIG. 3, with the 
exception that the U-shaped bow 20 is not attached to the rigid 
section 6, but instead to the second head part 7 of the second 
screw 8. AS has already been mentioned, the rigid section 6 is 
held in the second head part 7 of the second screw 8 via the 
clamping screw 19. The elastic section 4 is held in the 
U-shaped bow 20 of the connecting device 5, this U-shaped 
bow 20 being once again locked with a locking piece 26. 
0043 FIG. 6 shows in an application example three sec 
ond screws 8 with second head parts 7. Inserted in the second 
head parts 7 of the two second screws 8 shown below in FIG. 
6 is a rigid section 6, which is held in the second head parts 7 
by the corresponding clamping screws 19. Inserted in the 
second head part 7 of the second screw 8 shown above is 
likewise a short rigid section 6, which is not visible in this 
FIG. 6, and which is held by the clamping screw 19. The two 
rigid sections 6 are provided on the ends facing each other 
with a connecting device 5 in each case, as these are described 
with reference to FIG. 3. The two second screws 8 shown 
below are rigidly connected to each other via the rigid section 
6, and would stabilize in a fixed way the corresponding ver 
tebral bodies. The two second screws 8 shown above are 
connected to each other via an elastic section 4; the corre 
sponding vertebrae would hereby be elastically stabilized. 
0044. It would also be conceivable to use such second 
head parts 7, provided with connecting devices 5, as are 
shown and correspondingly described in FIGS. 5a and 5b, 
instead of the two second head parts 7 shown above. 
0045. The connecting element seen and shown from the 
bottom up in FIG. 6, which is made up of a rigid section 6, an 
elastic section 4, and again a rigid section 6, could also be 
pre-assembled, and be inserted in this pre-assembled State in 
the second screws already screwed into the vertebral bodies. 
0046. The two FIGS. 7 and 8 show a second screw 8 with 
a second head part 7, to which head part 7 is attached a 
U-shaped bow 20 of a connecting device 5. The screw 8 is 
separate from the head part 7. The head part 7 has a receiving 
region 32, which has the shape of a spherical recess 33. The 
second screw 8 is provided with a spherical head 34. The 
second screw 8 can now be inserted in the second head part 7 
in such a way that the spherical head 34 of the second screw 
8 comes to lie in the spherical recess 33 of the second head 
part. An insert piece 35 is then inserted on the spherical head 
34. The rigid section 6 can now be inserted in the second head 
part 7 of the second screw 8. This rigid section 6 is then 
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pressed against the insert piece 35 via the clamping screw 19, 
which pressing is passed on to the spherical head 34 of the 
second screw 8, and this spherical head 34 is then fixed in the 
spherical recess 33. Thereby obtained in a second head part 
movable in relation to the second screw 8, which in the 
inserted and fixed state, however, no longer allows any move 
ment mutually. The second head part 7 and thus the rigid 
section 6 can thereby be adjusted and then fixed in relation to 
the second screw 8. The elastic section 4 can then be inserted 
in den U-shaped bow 20, as already described in the preced 
ing, and can be fixed via the locking piece 26. 
0047 Parts of a connecting element or a whole connecting 
element can also be pre-assembled, consisting of rigid sec 
tions and elastic sections, which are then insertable in the 
bone screws screwed into the vertebral bodies. The rigid 
sections and the elastic sections are hereby firmly connected 
together, as will still be described in the following. Corre 
spondingly designed portions of a connecting element can be 
connected to each other or to elastic and rigid single sections, 
it being possible for connecting devices once again to be 
provided for this purpose, as they have been described in the 
preceding. 
0048 FIGS. 9A and 9B show a first possibility for a con 
necting device usable for such a prefabricated portion 36 of a 
connecting element. This portion 36 consists of rigid sections 
6 and elastic sections 4, which are connected together via a 
connecting device 37. For this purpose, formed on the rigid 
section 6 at the end is a sleeve 38, which is provided with a 
coaxial bore 39. The walling 40 is provided with encircling 
ribs 41 and grooves 42, which are aligned transversely to the 
bore 39. In the production process for such a portion 36, the 
elastic section 4 is brought into a mold through injection 
molding or pressure casting, which mold is closed off on both 
sides with a rigid section. The injected material of the elastic 
section 4 completely fills the bore 39 of the respective rigid 
section 6. After the solidification of the material, by means of 
the ribs 41, which are made as projections in the walling 40 of 
the bore 39, and grooves 42, one has a firm, form-fitting 
connection between the respective elastic section 4 and the 
respective rigid section. In the example shown here, the elas 
tic section between the rigid sections also has a ribbed sur 
face; this surface could also be smooth, however. 
0049 FIGS. 10A and 10B show another embodiment of a 
connecting device 37 for a prefabricated portion36. Provided 
on the rigid section 6 is once again a sleeve 38, which is 
provided with a bore 39. The walling 40 of the bore 39 is 
provided with projections which have the form of teeth 43. 
After the production process, as it is described above, a form 
fitting connection is also achieved here between elastic sec 
tions 4 and rigid sections 6. 
0050 FIGS. 11A and 11B likewise show a form-fitting 
connection between elastic sections 4 and rigid sections 5. 
provided here in the bottom 44 of the bore 39 being a bolt 46 
formed with a mushroom-shaped swelling 45. Here, too, the 
walling 40 of the bore 39 is provided with ribs 41 and grooves 
42, it being possible, however, to do without these. The elastic 
section 4 can have a surface here too which is ribbed or 
Smooth. 

0051 FIGS. 12A and 12B show another form-fitting con 
nection between elastic sections 4 and rigid sections 6, pro 
vided on the rim of the sleeve 38 being projections which are 
designed as a collar 47. This collar 47 can extend over the 
entire circumference, but it can also be provided with inter 
ruptions, as shown here in FIG. 12B. 
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0052. The rigid sections 6 shown in FIGS. 9 to 12 are 
provided in each case with a formed sleeve. It is also conceiv 
able that the respective bore is made directly into the body of 
the rigid section, if the required dimensions allow this. 
0053 With this vertebral column implant according to the 
invention, practically any desired possibilities of combina 
tion result, so that a connecting element can be constructed 
which can be inserted in the corresponding bone screws and 
which makes possible the desired stabilization in the indi 
vidual regions of the vertebral column. 

1. A vertebral column implant, comprising 
a connecting element, 
a multiplicity of bone screws, the bone screws being scre 

wable into vertebral bodies of a vertebral column, 
each of the screws being provided with a head part for 

receiving the connecting element, with the head parts 
providing a firm connection between the bone screws 
and the connecting element, 

the connecting element including rigid sections and elastic 
sections, and 

connecting devices connecting the rigid sections and the 
elastic sections together with the rigid sections and the 
elastic sections being aligned Substantially coaxially by 
a form-fitting connection. 

2. The vertebral column implant according to claim 1, 
wherein the rigid sections are made of a metal alloy. 

3. The vertebral column implant according to claim 1, 
wherein the elastic sections are made of a biocompatible 
synthetic material based on polyurethane. 

4. The vertebral column implant according to claim 3, 
wherein the surface of the elastic sections is provided with 
encircling ribs and grooves. 

5. The vertebral column implant according to claim 1, 
wherein the connecting devices are each attached at an end of 
the rigid sections. 

6. The vertebral column implant according to claim 1, 
wherein the connecting devices are each attached at the head 
part of the screws. 
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7. The vertebral column implant according to claim 1, 
wherein the head parts of the screws are separate from the 
screws, and the head parts have a receiving region for receiv 
ing the bone screw, the rigid section is fixed in the head part of 
the bone screw by a clamping screw. 

8. The vertebral column implant according to claim 7. 
wherein the receiving region of the head part of the bone 
screw has a shape of a spherical recess for receiving the bone 
screw, and an upper portion of the bone screw includes a 
spherical head. 

9. The vertebral column implant according to claim 8. 
wherein an insert piece is located between the spherical head 
of the bone screw and the rigid section. 

10. The vertebral column implant according to claim 9. 
wherein the rigid section is located between the insert piece 
and the clamping screw. 

11. A vertebral column implant, comprising 
a connecting element and a multiplicity of bone screws, the 

multiplicity of bone screws being screwable into verte 
bral bodies of the vertebral column and each of the bone 
Screws being provided with a head part for receiving the 
connecting element, the head parts providing a firm con 
nection between the multiplicity of bone screws and the 
connecting element, 

the connecting element including at least one rigid section 
and at least one elastic section, 

both the at least one rigid section and the at least one elastic 
section having two ends, respectively, one of the two 
ends of the at least one rigid section being connectable to 
one of the two ends of the at least one elastic sections via 
a connecting device, said connecting device being 
formed on the one end of the two ends of the at least one 
rigid section, 

the connecting device locking the one end of the at least 
one rigid section to the one end of the at least one elastic 
section in Substantially coaxial alignment, 

the head part having a recessed receiving region receiving 
a spherical upper portion of the bone screw. 

c c c c c 


