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FIXING DEVICE 

[0001] The present invention relates to a ?xing device and 
a ?xing system, in particular for attaching a positioning 
element, such as for example a marker, in a ?rmly de?ned 
positional relationship to an object, such as for example a 
bone. 

[0002] In surgery, for example a knee or hip operation, in 
particular When attaching an implant, it is necessary in 
modern surgical techniques to determine as accurately as 
possible the precise spatial position of a speci?ed body 
structure, eg the position of the femur and tibia, in order to 
be able to carry out the most precise surgery possible using 
suitable navigational instruments. In this Way, for example, 
an arti?cial knee joint can be positioned exactly on the femur 
and tibia using images made pre-operatively or intra-opera 
tively and suitable calculations, such that the optimum 
location is guaranteed. In general, for determining the posi 
tion of a bone structure, a screW is screWed into the bone, 
and a marker is attached to said screW. From the position of 
the marker recorded by a camera, conclusions can be draWn 
as to the position of the bone. If there are any slight shifts 
betWeen the bone and the maker attached to it by means of 
the screW, eg due to a slight turning of the screW, then an 
incorrect position of the bone is concluded from the 
recorded position of the marker, Which can have a consid 
erable effect on the success of the operation. Deviations in 
the range of one to tWo degrees, for example, can lead to 
clearly noticeable incorrect positioning of an implanted knee 
joint, Which can become noticeable through problems in the 
knee joint’s ability to function and in a substantially short 
ened life-span, since the knee joint can no longer optimally 
take the strain due to the slightly incorrect positioning. 

[0003] In particular in the case of screWs typically used, 
the problem occurs that a screW inserted into a bone is 
unintentionally turned slightly, such that surgery is not 
performed precisely. 
[0004] It is an object of the present invention to propose a 
?xing device and a ?xing system Which facilitate the precise 
and secure positioning of at least one marker on an object, 
such as for example a bone. 

[0005] This object is solved by a ?xing device and a ?xing 
system comprising the features of the independent claims. 
Advantageous embodiments are given by the sub-claims. 

[0006] Although the technical ?eld of the invention Was 
described in an example by Way of surgery in the area of the 
knee, the invention can be applied in a broad range of 
surgery or of technical systems in general, for example in 
surgery in the area of the hip, the spinal column or the head. 
In general, the invention can be used anyWhere Where it is 
necessary to attach a speci?c element, such as for example 
a marker, to an object, for example to a bone or a bone 
structure, in a Way Which is as stable as possible and secure 
against turning or shifting. 

[0007] The ?xing device in accordance With the invention 
comprises at least one guide for a securing element. By 
means of this guide, a securing element can be inserted into 
the bone before, during or after the insertion of the ?xing 
device into, for example, a bone, in order to secure the 
inserted ?xing device against undesired movement, such as 
for example a slight turning, by inserting the securing 
element further. 
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[0008] The ?xing element is advantageously constructed 
in a long and approximately cylinder form and preferably 
comprises a shaft, Wherein a part of the shaft is preferably 
suitable for being inserted into a bone. At an end of the shaft 
Which is not to be inserted into a bone, a head is preferably 
provided Which can be suitably formed in order, for 
example, to position a tool for inserting the ?xing device 
and/or for ?xing at least one positioning element as securely 
as possible to it. 

[0009] The shaft advantageously comprises an operative 
section at an outer end and an intermediate section, Which is 
arranged betWeen the operative section and the head of the 
?xing device. The operative section is preferably formed in 
such a that inserting the ?xing device into an object, such as 
for example a bone, is enabled, Wherein it should also be 
ensured by the operative section, after insertion, that eg the 
marker is ?xed as stable as possible. 

[0010] The diameter of the intermediate section is advan 
tageously larger than the diameter of the operative section, 
although both sections may also be formed With approxi 
mately the same diameter, or the operative section also 
exhibit a smaller diameter than the intermediate section. The 
transition betWeen the operative section and the intermediate 
section is advantageously formed conically, in order to avoid 
a sharp transition betWeen the operative section and the 
intermediate section. If, for example, the operative section 
has a smaller diameter than the intermediate section, the 
?xing device can for example be inserted into an object up 
until further insertion of the ?xing device is prevented or 
made dif?cult by the larger diameter of the intermediate 
section. 

[0011] The guide in accordance With the invention is 
advantageously formed as a bore and/or as a recess. Pref 

erably, the guide can also consist, as a combination, of a bore 
or a through-hole of a head or shaft section, Wherein other 
shaft sections can include a recess or a further bore or even 

no guide. The guide is advantageously formed such that it 
runs approximately in the longitudinal direction of the ?xing 
device, preferably parallel to it, and advantageously With a 
small side offsetting of eg 0.1 to 10 mm to the middle axis 
of the operative section. It is generally advantageous if the 
?xing device comprises at least one bore through Which a 
securing element can be inserted and held in place, Wherein 
a semi-circular or circular recess is advantageously provided 
in the operative section, in order to guide the securing 
element along the operative section, if for example the bore 
is arranged in the intermediate section of the shaft and the 
distance betWeen the middle axis of the bore and the middle 
axis of the operative section is smaller than the diameter of 
the operative section. In accordance With the invention, the 
guide for the securing element can be formed in such as Way 
that the outer circumference of the guide and/or of an 
inserted securing element overlaps With the outer circum 
ference of the operative section, such that the securing 
element is preferably guided along the operative section and 
inserted near or adjacent to the operative section. Alterna 
tively, the guide can also be formed in such a Way that a 
securing element to be inserted and the shaft or operative 
section of the ?xing device do not lie directly adjacent to 
each other, but exhibit a distance from each other, for 
example in the range 0.1 to 10 mm, Wherein the securing 
element is guided, for example, through a bore of the head 
or of a shaft section. 
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[0012] Advantageously, more than one guide, for example 
2, 3, 4 or up to 10 or more guides, can be provided on the 
?xing device in order to be able to insert a number of 
securing elements. In this case, the guides can be formed 
parallel to one another and to a middle axis of the operative 
section. It is also possible to arrange the guides in such a Way 
that the securing elements can be inserted into the ?xing 
device at a speci?ed angle to each other, and as appropriate 
also to a middle axis of the operative section, in order for 
example to ?x or secure the ?xing device more ?rmly. 

[0013] In accordance With a preferred embodiment, the 
?xing device in accordance With the invention is formed as 
a screW and comprises a thread in the operative section, 
Wherein a guide hole can be provided in the operative 
section going right through the thread. As an alternative to 
or in addition to a guide hole for a securing element, a side 
recess can be provided in the operative section, such that the 
screWing process is interrupted in one or more places in 
order to be able to insert one or more securing elements 
along the operative section. 

[0014] The operative section can also be formed as a nail, 
Wherein similarly at least one guide can be provided in the 
operative section. In this case, the external area of the 
operative section can be essentially even, Wherein for 
example one or more edges can be provided along the length 
of the direction of insertion, in order to facilitate inserting 
the ?xing device and to impede or prevent subsequent 
undesired turning. 

[0015] A tapered section id advantageously formed at the 
outer end of the insertion area, for example in the form of a 
small cone or a pyramid With one or more side edges, in 
order to facilitate placing and inserting the ?xing device. 

[0016] A connection element, for example a jutting part or 
an indented part, for example a plug-in opening, is prefer 
ably provided in the area of or on the head of the ?xing 
device, in order for example to be able to position a tool for 
inserting the ?xing device and/or to be able to connect a 
positioning element or other desired objects to the ?xing 
device as secure against tWisting as possible. To this end, a 
jutting part and/or a plug-in opening is preferably formed 
not rotationally symmetric, and can comprise one or more 
edges, such that for example an Allen key can be inserted 
into the head of the ?xing device in order to screW it into a 
bone, and then a positioning element rotationally secure 
With respect to the ?xing device, such as for example a 
reference star, can be ?xed onto it, once a securing element 
has been inserted. A number of indented parts can also 
advantageously be provided on the head in order to be able 
to attach a positioning element to be attached, rotationally 
secure, onto the ?xing device in a number of different angle 
positions. 

[0017] In accordance With a further aspect of the inven 
tion, a ?xing system is proposed Which consists of the ?xing 
device described above, Wherein at least one securing ele 
ment is inserted into the at least one guide of the ?xing 
device. The securing element can be formed for example as 
a screW and advantageously exhibits a long cylindrical 
shape, Wherein the outer diameter of the securing element is 
preferably formed in such a Way that the securing element 
can be guided through the guide of the ?xing element With 
only little or no play. The securing element can also com 
prise a head and a shaft, just like the ?xing device described 
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above, Which for example is in turn subdivided into an 
operative section and an intermediate section. With respect 
to possible arrangements of the shaft and/or head, reference 
is made to the features described above for the ?xing device, 
Which can also be formed in the securing element. 

[0018] The diameter of the securing element is preferably 
smaller than the diameter of the ?xing device, in particular 
smaller than the diameter of its operative section. 

[0019] In accordance With a further aspect of the inven 
tion, a positioning system is proposed Which consists of the 
?xing system as described above and Which further com 
prises a positioning element ?xed thereto, such as for 
example at least one marker or a reference star With three 
markers and/or holding devices for the corresponding mark 
ers. 

[0020] The positioning system is advantageously formed 
in such a Way that the positioning element attached to the 
?xing system can be adjusted, for example rotated about at 
least one axis, such that the best possible alignment of the 
positioning element can be set. In so doing, the positioning 
element can preferably be arrested in the set position, so that 
any unintentional tilting or pivoting of the positioning 
element relative to the ?xing system can be substantially 
prevented. 

[0021] The invention Will noW be described by Way of a 
preferred example embodiment. The ?gures shoW: 

[0022] FIGS. 1a to 1i an embodiment in accordance With 
the invention of a ?xing element comprising a guide; 

[0023] FIGS. 2a to 2d an embodiment of a securing 
element Which can be inserted into the ?xing device in FIG. 
1; 

[0024] FIGS. 3a to Sc a positioning system in accordance 
With the invention; and 

[0025] FIG. 4 an alternative embodiment of a ?xing 
device in accordance With the invention. 

[0026] FIG. 1a shoWs, in a horiZontal projection, a ?xing 
device 1 composed of a shaft 2 and a head 3. The shaft 2 
comprises an operative section 2a formed as a screW and an 
intermediate section 2d having a larger outer diameter than 
the operative section 2a. The transition sections betWeen the 
operative section 2a, the intermediate section 2b and the 
head 3 are conically formed as cone sections, such that the 
respective sections carry on from one other Without sharp 
edges. A tip 4 is formed at the loWer end of the operative 
section 2a Which has a number of side edges, as can be seen 
in FIG. 16. The tip 4 makes it easier to position and insert 
the ?xing device 1. 

[0027] FIG 1b shoWs a cross-section of the ?xing device 
shoWn in FIG. 1 along the line A-A. The bore 5a, Which 
serves as the guide for a securing element, can be seen in the 
intermediate section 2b and the head 3, Wherein the guide— 
as indicated by the dot-dash line—is formed as a groove or 
recess 5b outside the through-hole 5a in the areas of the 
operative section 2a, such that a securing element can be 
guided through the head 3 and the intermediate section 2b 
along the operative section 2a, and thus for example can 
also, after the ?xing device has been inserted into, for 
example, a bone, likeWise be inserted into the bone approxi 
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mately parallel to the direction of penetration of the ?xing 
device through the guide 5a, 5b, in order to make the ?xing 
device rotationally secure. 

[0028] The head 3 comprises a recess 3a, as can also be 
seen in the perspective vieW in FIG. 1f and the horiZontal 
projection in FIG. 1g, Which in cross-section forms an 
approximately uniform hexagon, in order for example to be 
able to position an Allen key or an attachable element. The 
recess 3a is formed semicircular on one side in order to 
enable the insertion of a securing element into the guide hole 
5a, as shoWn in FIG. 3a. 

[0029] FIG. 1c shoWs the ?xing device 1 shoWn in FIG. 
1a, rotated through 180°. The groove or guide recess 5b 
running along the operative section 2a can be seen, Which 
interrupts the thread of the screW such that a securing 
element can be guided parallel to the screW. 

[0030] In accordance With a preferred embodiment of the 
?xing device, example dimensions for the ?xing device in 
accordance With the invention may be as folloWs: Length d1 
of the operative section 2a=40 mm; total length d2 of the 
?xing device 1=90 mm; length d3 of the head 3=12 mm; 
depth d4 of the recess 3a in the head 3=8 mm; and diameter 
d5 of the head 3=10 mm. An edge of the tip 4 is formed, for 
example, inclined at 15° to the longitudinal axis of the ?xing 
device. The transition area betWeen the operative section 2a 
and the intermediate section 2b comprises a small distance 
area of length d6=1 mm, to Which a small cone-shaped 
connecting piece is connected With an angle of the shell 
surface of the cone stump of 60° With respect to the 
longitudinal axis. FIG. 1a' shoWs section X, identi?ed in 
FIG. 1b, of the operative section 2a provided With a thread. 
In the embodiment shoWn, the lead d7 of the thread=1.6 mm, 
Wherein the thread projects out by d8=0.7 mm. The distance 
d9 from a turn of the thread to an internal section of the 
screW in the cut plane is 3.6 mm. 

[0031] FIG. 1g shoWs a horiZontal projection of the ?xing 
device 1, Wherein a number of recesses 3b running around 
the head can be seen. In the embodiment shoWn, tWo small 
recesses or grooves 3b are arranged Within a distance d10=1 
mm, running around the upper part of the head 3. These 
circumferential recesses 3b enable a reference star, for 
example, to be attached rotationally secure in a number of 
turning positions, Wherein the reference star can be attached 
and/or arrested rotationally secure on the ?xing device, in 
various angle positions relative to head 3 through the 
recesses 3b. 

[0032] FIG. 1h shoWs a cross-section vieW along the line 
B-B of the ?xing device shoWn in FIG. 1a. As can also be 
seen in FIG. 1g, the external circumference of the recess 3a 
is formed in such a Way that on the one side a securing 
element can be inserted through the through-hole 5a serving 
as a guide, and then once the securing element has been 
inserted through the recess 3a Which comprises several 
edges, an attachment can be attached rotationally securely to 
the ?xing device 1. 

[0033] FIG. 1i shoWs a cross-section along the line C-C of 
the operative section 2a shoWn in FIG. 1. 

[0034] The actual dimensions speci?ed above for the 
embodiment, shoWn in FIG. 1, of a ?xing device 1 in 
accordance With the invention are only to be regarded as 
examples for describing the invention and are intended to 
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make it clear that the ?xing device in accordance With the 
invention enables, for example, a reference star to be 
securely positioned to a bone by means of extremely slight 
surgery. 

[0035] FIGS. 2a to 2d shoW an example embodiment of a 
securing element 6 Which can be used together With the 
?xing device 1 in accordance With the invention illustrated 
in FIG. 1. The securing element 6 comprises a shaft 7 and 
a head 8. The shaft 7 is subdivided into an operative section 
7a provided With a screW thread, to Which a tip 9 is provided 
at the loWer end and Which lies adjacent to the intermediate 
section 7b at the end opposite the tip 9, said intermediate 
section lying betWeen the operative section 7a and the head 
8. The head 8 further comprises a recess 8a Which is formed 
in the shape of a hexagon, as shoWn in the horiZontal 
projection in FIG. 2a', in order for example to position an 
Allan key on the head 8 of the securing element 6, to screW 
the securing element 6 in through the guide 5 of the ?xing 
device 1 screWed into for example a bone, and in this Way 
to prevent the ?xing device 1 from turning, as illustrated for 
example in the cross-sectional vieW in FIG. 3a. In the 
embodiment shoWn, the ?xing device 1 is generally made 
rotationally secure by the fact that, once the securing ele 
ment 6 has been inserted into the ?xing device 1, the 
operative sections 2a and 7a lying adjacent to each other no 
longer represent a rotationally symmetrical form, such that 
the ?xing device 1 is prevented from turning by the securing 
element 6. Possible turning by the securing element 6 does 
not, hoWever, effect the position of the ?xing device 1. 

[0036] Example dimensions of the securing element 6 
shoWn in FIG. 2 are: Length d11 of the operative section 
7a=40 mm; length d12 of the shaft 7=80 mm; length d13 of 
the head 8=4 mm; and length d14 of the head 8 in Which no 
recess 8a is provided=1.5 mm. 

[0037] The measurements given are only to be regarded as 
example embodiments and are intended to make it clear that, 
using the device in accordance With the invention, only 
relatively minor surgery is necessary. It is possible for the 
?xing device 1 and the securing element 6 to exhibit 
approximately the same length, and to exhibit approximately 
similar dimensions With respect to the operative sections 2a, 
7a and the intermediate sections 2b and 7b. A longer or 
shorter securing element, With a longer or shorter operative 
section 7a and/or intermediate section 7b, can hoWever also 
be used. In general, it is advantageous if the securing 
element is formed in such a Way that the total length 
including the head 8 is smaller than the total length of the 
?xing device 1, such that if the securing element 6 no longer 
projects out of the head 3, or is in particular completely 
inserted into the ?xing device 1, i.e. the tips 4 and 9 lie 
approximately next to each other, the head 8 of the securing 
element 6 can be countersunk in the loWer part of the head 
3 of the ?xing device 1, such that the complete recess 3a of 
the head 3 can be used for inserting, for example, a reference 
star, Without the head 8 of the inserted securing element 6 
projecting into the recess 3a. 

[0038] FIG. 2c shoWs an enlargement of the operative 
section 7a designated X in FIG. 2b. The lead d15 of the 
thread is 0.75 mm in the embodiment shoWn; the thread 
projects out of the outer surface of the operative section 7a 
by d16=0.4 mm, and the outer diameter of the thread is 
d17=2.3 mm. 



US 2003/0078565 A1 

[0039] FIGS. 3a to 3d show a positioning system in 
accordance With the invention, Wherein the securing element 
6 shoWn in FIG. 2 is inserted into the ?xing device shoWn 
in FIG. 1. 

[0040] FIG. 3c shoWs a horizontal projection of a posi 
tioning system, Wherein a reference star 11 serving as a 
positioning element is positioned on the ?xing system 1, 6; 
rnarkers can be attached to the holding devices 11a, 11b and 
11c of the reference star, respectively. The reference star 11 
is ?xed to the ?xing systern 1,6 by means of an adjustable 
aligning device 10. 

[0041] FIG. 3b shoWs the positioning system illustrated in 
FIG. 3c in a perspective vieW. The aligning device 10 
comprises a screW 10a Which can be used for ?xing to the 
?xing system 1, 6 and/or for turning the reference star 11 
?xed to it about the longitudinal axis of the ?xing device 1. 
Via a further screW 10b, the reference star 11 can be turned 
around an axis Which is approximately perpendicular to the 
middle axis of the ?xing device 1. By using the aligning 
device 10, the reference star 11 can be attached to a ?xing 
system 1, 6 inserted for example into a bone, and can be 
positioned for good detection of the markers (not shoWn) 
attached to the reference star 11. 

[0042] FIG. 3a shoWs a cross-section along the line A-A 
of the positioning system shoWn in FIG. 3c. Here, it can be 
seen that When the securing element 6 is inserted in the 
?xing device 1, the operative sections 2a, 7a and the 
intermediate sections 2b, 7b are approximately adjacent to 
each other. The aligning device 10 is inserted into the recess 
3a of the ?xing device and ?xed to it. Through projections 
and/or recesses on the underside of the aligning device 10, 
Which engage With the projections or recesses 3b on the top 
side of the ?xing device 1, the aligning device 10 With the 
reference star 11 ?xed to it and the ?xing system 1, 6 can be 
made rotationally secure. 

[0043] The present invention thus enables a rotationally 
secured ?xing device to be relatively sirnply inserted into, 
for example, a bone, by using for example only tWo parts: 
the ?xing device and at least one securing element. This 
reduces the manufacturing costs of such a ?xing systern. 
Furtherrnore, cleaning such a ?xing system is relatively 
simple, due to the use of, for example, only tWo parts. 

[0044] FIG. 4 shoWs a ?xing system in accordance With 
an alternative aspect of the present invention. 

[0045] To ?x a positioning element, such as for example 
the reference star 11 shoWn in FIG. 3, to an element, such 
as for example a bone, Kirschner Wires or SchanZ screWs 
20a, 20b, knoWn in their oWn right, can also be used and 
inserted into a bone in the knoWn Way. The distance D 
between them can for example be 0.1 to 100 mm, preferably 
0.1 to 10 mm. A?xing device is guided or attached along the 
Kirschner Wires or SchanZ screWs 20a, 20b which comprises 
through-bores 23a, 23b for the Wires or screWs 20a, 20b. 
The ?xing device 21 can be ?xed rotationally securely to the 
Wires or screWs 20a,20b by means of one or more arresting 
elements 22, Which can for example be shifted in order to 
produce a frictional connection With one or more Kirschner 
Wires or SchanZ screWs. If the ?xing device 21 is positioned 
by activating an arresting element 22, then protruding Wires 
or screWs can be cut off and a positioning element can be 
arranged on the ?xing device 21, inserted into a recess 21a 
and ?xed by means of, for example, suitable screWs. 
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[0046] The ?xing device 21 can be arranged ?xed in place 
and rotationally secure on an element, such as for example 
a bone, via two elements inserted into a bone at the distance 
D from each other, such as for example Kirschner Wires or 
SchanZ screWs. 

1. a ?xing device With at least one guide (5a, 5b) for at 
least one securing elernent 

2. A ?xing device as set forth in claim 1, Wherein said 
?xing device comprises a shaft (2) and a head 

3. A ?xing device as set forth in claim 2, Wherein said 
shaft (2) comprises an operative section (2a) and an inter 
mediate section (2b). 

4. A ?xing device as set forth in claim 3, Wherein the 
diameter of said interrnediate section (2b) is larger than the 
diameter of said operative section (2a). 

5. A ?xing device as set forth in any one of the preceding 
claims, Wherein said guide is formed as a bore (5a) and/or 
as a recess (5b). 

6. Adevice as set forth in any one of the preceding claims, 
Wherein tWo, three or more guides (5) are formed in said 
?xing device. 

7. A ?xing device as set forth in any one of the above 
claims, Wherein said ?xing device comprises a section 
provided With a screW thread. 

8. A ?xing device as set forth in any one of the preceding 
claims, Wherein said ?xing device comprises a section 
formed as a nail and/or a section With edges running 
approxirnately parallel to the direction of insertion. 

9. A ?xing device as set forth in any one of the preceding 
claims, Wherein said ?xing device comprises an element (4) 
tapered at its loWer end. 

10. A ?xing device as set forth in any one of the preceding 
claims, Wherein said ?xing device comprises a connecting 
element or a recess (3a), Wherein tools can be positioned or 
devices (10, 11) can be attached. 

11. A ?xing system comprising a ?xing device (1) as set 
forth in any one of claims 1 to 10 and at least one securing 
element (6) at least partially inserted into said guide (5a, 5b). 

12. A ?xing system as set forth in claim 11, Wherein said 
securing element (6) comprises a section (7a) provided With 
a thread and/or comprising a section (7b) comprising a 
substantially smooth surface and/or a head 

13. A?xing system as set forth in claim 11 or 12, Wherein 
said guide (5a, 5a) of said ?xing device (1) and said securing 
element (6) are formed in such as Way that said securing 
element (6) inserted into said ?xing device (1) exhibits 
substantially no play. 

14. Apositioning system comprising a ?xing system (1, 6) 
as set forth in any one of claims 11 to 13 and a positioning 
element (11) ?xed to it. 

15. Apositioning system as set forth in claim 14, Wherein 
said positioning element (11) is ?xed to said ?xing system 
(1, 6) by means of an adjustable aligning device (10). 

16. Apositioning system as set forth in any one of claim 
14 or 15, Wherein said positioning element is a reference star 

(11). 
17. A ?xing device comprising at least tWo guides (23a, 

23b). 
18. A ?xing device as set forth in claim 17, Wherein at 

least one deterrnining element (22) is provided for producing 
a frictional connection betWeen at least one element guided 
in one of the guides (23a, 23b). 
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19. A ?xing device as set forth in any one of claim 17 or 
18, Wherein at least one ?xing section, in particular a recess 
(21a), is provided in the ?xing device (21), in particular for 
attaching a positioning element (11). 

20. A?xing system comprising a ?xing device as set forth 
in any one of claims 17 to 19, and elements guided in the 
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guides (23a, 23b), in particular Kirschner Wires or SchanZ 
screWs. 

21. Apositioning system comprising a ?xing system as set 
forth in claim 20 and a positioning element (11) ?xed to it 
and/or an adjustable aligning device (10). 

* * * * * 


