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DEVICE FOR THE DETERMINATION OF THE HOLES OF INTRAMEDULLARY NATL

The subject of the invention relates to an auxiliary device for the determination of the
positions of the holes of intramedullary nails which contains a source unit suitable for
emitting signals penetrating body tissues and a sensor unit co-operating with the source

unit.

In the course of surgical operation, when it comes to restoring fractures of bones
mechanical aiming devices are widely used to make it easier to find the locking holes
created in the intramedullary nails placed in the bone. However, such aiming devices can
only be used successfully in the case of slightly deformed intramedullary nails. In the case
of long tubular bones such as arm and leg bones, in certain cases the intramedullary nails
inserted into the medullary canal exhibits significant deformation, which significantly

reduces the chance of finding the locking holes precisely.

The essence of the presently used aiming devices is that the area of operation is exposed to
roentgen or gamma radiation, and the operation is monitored and the position of the
locking holes of the intramedullary nail inserted in the bone is determined with an image-
intensifying device or X-ray picture projecting equipment. Publication document number
HU T/76.155. also represents such an image-intensifying solution, while patent description
registration number HU 166.829 relates to an intermittently operated X-ray apparatus

providing a continuous image.

Publication document number HU T/73.698. describes an aiming device in the case of
which the area of operation is scanned with collimated beam of an encased radioactive
isotope, and a part of the beam starting from the signalling device which penetrates the

tissues is captured and evaluated with a detector.

However, the basic disadvantage of the known solutions is that radiation, which dangerous

to the living organism, is used for the determination of the position, so the time of using

SUBSTITUTE SHEET (RULE 26)
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the device ought to be limited, which is very disadvantageous in the case of larger

operations.

A further disadvantage is that apart from the patient the radiation also endangers the
operating surgeon, so their time spent in the operating theatre is also limited, which may

cause delays in medical attendance.

It is also regarded as a disadvantage that the presently used auxiliary devices have a

complex structure, they are difficult to handle and expensive to operate.

With the solution according to the invention our aim was to overcome the deficiencies of
the known auxiliary devices used for the determination of the positions of locking holes
and to create a version which is easy to use, does not result in any radiation exposure

endangering the patient and the operating surgeon.

The basis of the idea behind the invention was formed by the recognition that if the
intramedullary nail itself is used as a base unit and one member of the receiver-transmitter
unit of the position determining device is inserted in the internal space of the
intramedullary nail, while the other member is moved at a given distance along a precisely
measurable and determinable path beside the unit placed in the intramedullary nail so that a
slightly modified form of the aiming device used for making holes is used for determining
the path of motion, then on the basis of the signals of the receiver the position of the
deformed intramedullary nail can be determined with the desired precision without having
to check, measure or determine the position of the locking bores with other devices, on a

monitor in the form of a visible image, and so the task can be solved.

In accordance with the set aim the auxiliary device for the determination of the positions of
the holes of intramedullary nails, which contains a source unit suitable for emitting signals
penetrating body tissues and a sensor unit co-operating with the source unit, is constructed
in such a way that it is provided with an internal positioning part-unit that can be connected
to the intramedullary nail and an external positioning part-unit, the external positioning

part-unit has a supporting structure with a fixing end and a free end and a motion member
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that can be connected to the free end of the supporting structure, the fixing end of the
supporting structure is attached to the intramedullary nail in a fixed position, while either
the source unit or the sensor unit is attached to the motion member of the external
positioning part-unit, while the other unit is connected to the internal positioning part-unit,
and the sensor unit is provided with a relay unit for receiving the signals of the source unit

and a display unit connected to the relay unit through an information transmission line.

A further criterion of the auxiliary device according to the invention may be that the
internal positioning part-unit is a guide sleeve situated in the vicinity of the entrance point
of the intramedullary nail, equipped with an orientation piece, running along at least a part

of the length of the intramedullary nail.

In a possible version of the auxiliary device the sensor unit is supplemented with a carrying
body comprising the relay unit and the display unit, and the carrying body has a covering
surface suiting the shape and size of the guide sleeve, which can be at least partly inserted

in the guide sleeve.

In another different construction of the invention the covering surface of the carrying body
of the sensor unit is equipped with a locking piece co-operating with the orientation piece

of the guide sleeve of the internal positioning part-unit situated in the intramedullary nail.

In a further construction example of the auxiliary device the display unit of the sensor unit
is provided with a light emitting member and/or a sound emitting member and an energy

source.

From the aspect of the invention it may be favourable, if the source unit has a natural
magnet creating a magnetic field or a radiation source suitable for emitting radiation with a

wavelength penetrating tissue.

In a further favourable version of the auxiliary device the supporting structure is an aiming

unit known in itself.
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The most important advantage of the auxiliary device according to the invention is that,
with the use of it, it becomes possible without the risk of radiation exposure to determine
the positions of locking holes situated at the so-called “distal end” of long intramedullary
nails that has become deformed in the course of being inserted with the desired precision,
and to insert locking screws in a faster and more protective way. A further advantage
deriving from this is that in an environment free from radiation exposure it is possible to
perform longer operations without interruptions, without endangering the patient’s or the
operating surgeon’s health. A further disadvantage resulting from this is that the time limit
that operating surgeons can spend in the operating theatre can be extended, which may

have a favourable effect on the course of medical attendance.

It is also an advantage of the auxiliary device that the supperting structure of the external
positioning part-unit is basically the commonly used aiming device, which makes it easy to
use and handle and also reduces the number of instruments used during the operations and
the time needed for performing operations. A further advantage deriving from this is that in
order to determine the exact position of locking holes there is no need for an expensive and

complex device, which may also reduce the cost of operations.

In the following the invention is presented in detail in connection with a construction

example on the basis of a drawing. On the drawing

Figure 1 shows a possible construction of the auxiliary device according to the invention in
side view in partial cross-section, with an enlarged representation of the intramedullary
nail,

Figure 2 is a reduced image of the cross-section of figure 1 in the direction II-1I.

Figure 1 shows a version of the auxiliary device according to the invention containing an
intramedullary nail 10 used for the restoration of a broken thighbone. The intramedullary
nail 10, as a base body, comprises the internal positioning part-unit 20 on the one part, and
on the other part it has connection to the external positioning part-unit 30. Here the internal
positioning part-unit 20 is a guide sleeve 22 situated inside the intramedullary nail 10,

which is hollow anyway, running along its whole length, and it also has an orientation
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piece 21 in the vicinity of the entrance point 11 of the intramedullary nail 10. Here the
orientation piece 21 is constructed in the vicinity of the entrance point 11, as an envelope

of cone the cross-section of which is decreasing towards the entrance point 11.

In the case of the present comstruction example there in the guide sleeve 22 of the
intramedullary nail 10 belonging to the internal positioning part-unit 20 there is a carrying
body 54 belonging to the sensor unit 50. On the part of the covering surface 54a of the
carrying body in the vicinity of the entrance point 11 of the intramedullary nail 10 there is
a locking piece 54b, which in co-operation with the orientation piece 21 of the internal
positioning part-unit 20 stops the carrying body 54 of the sensor unit 50 in a position where
the relay unit 51 fitted in the carrying body 54 falls exactly in the dividing plane and/or
opening of the locking hole 12 of the intramedullary nail 10.

The sensor unit 50 also contains a display unit 53 and an energy source 55 situated near the
display unit 53 with the task of providing energy for the display unit 53. The display unit

53 may be a light emitting member 53a or a sound emitting member 53b or both.

Figure 1 shows that the display unit 53 and the energy source 55, similarly to the relay unit
51, are attached to the carrying body 54 of the serisor unit 50, and they are situated at the
end of the carrying body 54 opposite the locking piece 54b. Data traffic between the relay
unit 51 and the display unit 53 is ensured by an information transmission line 52. In this

version the information transmission line is a cable also attached to the carrying body 54.

Figure 1 also shows that the fixing end 31a of the supporting structure 31 of the external
positioning part-unit 30 is connected to the end of the intramedullary nail 10 opposite to
the entrance point 11, while the free end 31b of the supporting structure 31 is connected to
the motion member 32. The motion member 32 carries the source unit 40, which in this
case is a natural magnet 41. Basically in the shown construction example of the auxiliary -
device the supporting structure 31 is an aiming unit 33 constructed from a proximal aiming
device known in itself and a distal aiming device 33b also known in itself, co-operating

with the proximal aiming device 33a.
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As a result of this in the case of this solution at the fixing end 31a of the supporting
structure 31 the intramedullary nail 10 is connected to the proximal aiming device 33a of
the aiming unit 33 in the usual way seen in other uses. The supporting structure 31 and the
intramedullary nail are attached to each other in a fixed position at a fixed angle, while the
task of the motion member 32 situated at the free end 31b of the supporting structure is to
enable the movement of the supporting structure 31 and the source unit in relation to each

other along a certain plane.

In figure 2 it can also be seen that the supporting structure 31 of the external positioning
part-unit 30 and the motion member 32 and the source unit 40 connected to it are
connected to each other in a way that the source unit 40 can be moved in the motion
direction 60 shown with an arrow beside the intramedullary nail 10 and accordingly beside
the relay unit 51 of the sensor unit 50 situated in the internal positioning part-unit 20 of the
intramedullary nail 10. It must be pointed out that here the source unit 40 contains the

radiation source 42, which practically emits soft gamma radiation.

On the basis of the above it is obvious that the source unit 40 and the relay unit 51 of the
sensor unit 50 must be chosen so that they are able to co-operate with each other, that is the
relay unit 51 can evidently and reliably receive the signals emitted by the source unit 40,
and only these signals. So in the case that the source unit 40 has a natural magnet 41, the
relay unit 51 of the sensor unit 50 must sense the varying magnetic field, while in the case
that the source unit is equipped with a radiation source 42 the relay unit 51 must sense the

certain intensity of this radiation.

The pairing of sensor unit 50 — source unit 40 is also possible, where the sensor unit 50 is
only for breaking or deforming the magnetic field created by the natural magnet 41 of the
source unit 40, and this varying field is sensed by the source unit 40 and it can give a signal

at the same time. This version is based on the principle of metal locators.

It must also be pointed out that not only the aiming unit 33 can be the supporting structure

31 of the external positioning part-unit 30, but using the known aiming units 33 as
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supporting structures 31 also significantly simplifies the operation of the auxiliary device,

which is very important from the aspect of the operating surgeon.

In the course of the use of the auxiliary device according to the invention first the
intramedullary nail must be placed in the medullary space of the broken bone to be
restored. When this part of the operation has been completed, the carrying body 54 of the
sensor unit 50 is inserted in the guide sleeve 22 of the internal positioning part-unit 20
situated in the intramedullary nail 10. In the guide sleeve 22 the carrying body 54
advancing towards the entrance point 11 of the intramedullary nail 10 slides into the guide
sleeve 22 until the locking piece 54b protruding from the covering surface 54a of the
carrying body 54 is knocked against the orientation piece 21 of the internal positioning
part-unit 20. When the orientation piece 21 is touched by the locking piece 54b, the
carrying body 54 cannot be pushed any further into the guide sleeve 22 of the internal
positioning part-unit 20, which also means that the relay unit 51 of the carrying body 54 —
as shown in figure 1 — is now situated right aligned with the locking hole 12 of the

intramedullary nail 10.

After inserting the carrying body 54 of the sensor unit 50 the motion member 32 equipped
with the source unit 40 is put on the free end 31b of the supporting structure 31 attached to
the intramedullary nail 10, and with the help of the motion member 32 the source unit 40 is
moved beside the intramedullary nail from the free end 31 b of the supporting structure 31,
from left to right looking at the arrangement according to figure 2. In the course of the
movement of the source unit 40 first it approaches the intramedullary nail 10, and when it
is close enough for the force of the magnetic field of the natural magnet 41 or the radiation
of the radiation source 42 to reach the relay unit 51 situated in the intramedullary nail, it is
switched on. With a command sent through the information transmission line 52 the relay
unit 51 put into operation starts up the display unit 53, on which the light emitting member

53a starts flashing and the sound emitting member 53b starts whistling.

These signals continue until the source unit 40, after passing the intramedullary nail 10,
gets so far from the free end 31b of the supporting structure 31 to the right of the

intramedullary nail 10 that the signals emitted by the source unit 40 cannot be sensed by
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the relay unit 51 of the sensor unit 5 any more. At this point the display unit 53 is turned
off and the light signals of the light emitting member 53a and the whistling sound of the

sound emitting member 53b is discontinued.

The exact position of the intramedullary nail 10 can be easily determined knowing the
points where the signals are turned on and off. Due to the symmetrical, homogenous
radiation of the source unit 40 the position of the intramedullary nail 10 is in the middle of
the distance between the points where the signals are turned on and off. If the distal aiming
device 33b of the aiming unit 33 functioning as a supporting structure 31 so far is set to
this distance, a hole suiting the locking hole 12 of the intramedullary nail 10 can be made

with the desired precision.

Obviously there are other ways of precise setting too. In the case of a possible version the
locking bore 12 of the intramedullary nail 10 can be found by sensing a marginal or a

certain point of the force field, without halving the distance as described above.

The auxiliary device according to the invention can be favourably used in surgical

interventions where the locking holes of intramedullary nails placed in tissues or bones

must be found with an external drill.
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CLAIMS

1. Auxiliary device for the determination of the positions of the holes (12) of
intramedullary nails (10), which contains a source unit (40) suitable for emitting signals
penetrating body tissues and a sensor unit (50) co-operating with the source unit (40),
characterised by that it is provided with an internal positioning part-unit (20) that can be
connected to the intramedullary nail (10) and an external positioning part-unit (30), the
external positioning part-unit (30) has a supporting structure (31) with a fixing end (31)a
and a free end (31b) and a motion member (32) that can be connected to the free end (31b)
of the supporting structure (31), the fixing end (31a) of the supporting structure (31) is
attached to the intramedullary nail (10) in a fixed position, while either the source unit (40)
or the sensor unit (50) is attached to the motion member (32) of the external positioning
part-unit (30), while the other unit is connected to the internal positioning part-unit (20),
and the sensor unit (50) is provided with a relay unit (51) for receiving the signals of the
source unit (40) and a display unit (53) connected to the relay unit (51) through an

information transmission line (52).

2. Auxiliary device as in claim 1, characterised by that the internal positioning part-
unit (20) is a guide sleeve (22) situated in the vicinity of the entrance point (11) of the
intramedullary nail (10), equipped with an orientation piece (21), running along at least a

part of the length of the intramedullary nail (10).

3. Auxiliary device as in claim 2, characterised by that the sensor unit (50) is
supplemented with a carrying body (54) comprising the relay unit (51) and the display unit
(53), and the carrying body (54) has a covering surface (54a) suiting the shape and size of
the guide sleeve (22), which can be at least partly inserted in the guide sleeve (22).

4. Auxiliary device as in claim 3, characterised by that the covering surface (54a) of

the carrying body (54) of the sensor unit (50) is equipped with a locking piece (54b) co-
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operating with the orientation piece (21) of the guide sleeve (22) of the internal positioning

part-unit (20) situated in the intramedullary nail (10).

5. Auxiliary device as in any of claims 1-4, characterised by that the display unit
(53) of the sensor unit (50) is provided with a light emitting member (53a) and/or a sound

emitting member (53b).

6. Auxiliary device as in any of claims 1-5, characterised by that the sensor unit

(50) is provided with an energy source (55).

7. Auxiliary device as in any of claims 1-6, characterised by that the source unit

(40) has a natural magnet (41) creating a magnetic field.

8. Auxiliary device as in any of claims 1-6, characterised by that the source unit
(40) has a radiation source (42) suitable for emitting radiation with a wavelength

penetrating tissues.

9. Auxiliary device as in any of claims 1-8, characterised by that the supporting

structure (31) is an aiming unit (33) known in itself.
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AMENDED CLAIMS

[Received by the International Bureau on 07 July 2004(07.07.2004):
1st claim replaced by amended claim, claims 2-9 are unchanged (2 pages)]

1. Auxiliary device for the determination of the positions of the holes (12) of intramedullary
nails (10), which contains a source unit (40) suitable for emitting signals penetrating body tissues,
a sensor unit (50) co-operating with the source unit (40) and an internal positioning part-unit (20)
that can be connected to the intramedullary nail (10), either the source unit (40) or the sensor unit
(50) is attached to the internal positioning part-unit (20), and the sensor unit (50) is provided with
a relay unit (51) for receiving the signals of the source unit (40) and a display unit (53) connected
to the relay unit (51) through an information transmission line (52), characterised by that it is
provided with an external positioning part-unit (30) that can be connected to the intramedullary
nail (10), the external positioning part-unit (30) has a supporting structure (31) with a fixing end
(31a) and a free end (31b) and a motion member (32) that can be connected to the free end (31b)
of the supporting structure (31), the fixing end (31a) of the supporting structure (31) is attached
to the intramedullary nail (10) in a fixed position, while the other from the source unit (40) and the
sensor unit (50) is attached to the motion member (32) of the external positioning part-unit (30),
so the sensor unit (50) and the source unit (40) are in interlocking that is suitable for the
continuous control and the exact determination of the relative position between the sensor unit
(50) and the source unit (40) by the aid of the external positioning part-unit (30) that is connected
to the intramedullary nail (10).

2. Auxiliary device as in claim 1, characterised by that the internal positioning part-unit
(20) is a guide sleeve (22) situated in the vicinity of the entrance point (11) of the intramedullary
nail (10), equipped with an orientation piece (21), running along at least a part of the length of the
intramedullary nail (10).

3. Auxiliary device as in claim 2, characterised by that the sensor unit (50) is supplemented
with a carrying body (54) comprising the relay unit (51) and the display unit (53), and the carrying
body (54) has a covering surface (54a) suiting the shape and size of the guide sleeve (22), which
can be at least partly inserted in the guide sleeve (22).

AMENDED SHEET (ARTICLE 19)
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4. Auxiliary device as in claim 3, characterised by that the covering surface (54a) of the
carrying body (54) of the sensor unit (50) is equipped with a locking piece (54b) co-operating with
the orientation piece (21) of the guide sleeve (22) of the internal positioning part-unit (20) situated
in the intramedullary nail (10).

5. Auxiliary device as in any of claims 1-4, characterised by that the display unit (53) of the
sensor unit (50) is provided with a light emitting member (53a) and/or a sound emitting member

(53b).

6. Auxiliary device as in any of claims 1-5, characterised by that the sensor unit (50) is

provided with an energy source (55).

7. Auxiliary device as in any of claims 1-6, characterised by that the source unit (40) has a

natural magnet (41) creating a magnetic field.

8. Auxiliary device as in any of claims 1-6, characterised by that the source unit (40) has a

radiation source (42) suitable for emitting radiation with a wavelength penetrating tissues.

9. Auxiliary device as in any of claims 1-8, characterised by that the supporting structure

(31) is an aiming unit (33) known in itself

AMENDED SHEET (ARTICLE 19)
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