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Description

Field of the invention

[0001] The present invention relates to the medical
field, with application in orthopaedic surgery and, in par-
ticular, in the treatment of diseases of the spinal column,
and more precisely it relates to a drilling mask for drilling
holes for surgical operations in the orthopaedic field.

Description of the prior art

[0002] Aswellknown, transpedicular screws inthe ver-
tebral arthrodesis surgery are used to treat many affec-
tions of the spinal column caused for example by neo-
plasms, alteration of development, congenital, traumatic
and degenerative diseases.

[0003] The steps necessary for arranging transpedic-
ular screws represents a complex technique owing tothe
variability in the shape, size and orientation of the verte-
bral pedicles and owing to their vicinity with the neuro-
logical structures. For example, at a thoracic level the
introduction of the screws is particularly complicated ow-
ing to the reduced size of the pedicles and to their vicinity
with the pleura and the spinal bone marrow.

[0004] If positioned in an ideal way a transpedicular
screw should be completely contained in the vertebral
pedicle avoiding to protrude in the vertebral space and
in the conjugation foramen. On the contrary, a wrong
location can determine an instability of the treated verte-
bral segment and neurological injuries, such as paralysis
of several nervous roots, paraplegia, sphyncteric trou-
bles, incontinence, with serious damages to the quality
of life of the patients and high social costs. In particular,
when a screw violates the pedicle cortical layer there is
the risk of injuries to the spinal bone marrow and to the
nervous roots.

[0005] The spine stabilization with transpedicular
screws presents many advantages with respect to the
stabilization with vertebral hooks, since it has a higher
biomechanical stability that permits stabilizing and at the
same time correcting the vertebral deformity, especially
when there is a need to include in the arthrodesis area
shorter spine segments. Furthermore, it avoids introduc-
ing instruments in the vertebral channel, thus decreasing
the risk of neurological damage and is independent from
the soundness of the vertebral discs and then can be
done also in conditions as cancer or traumatic diseases
where the use of the hooks is not recommended.
[0006] The presently known techniques for guiding the
transpedicular screws are the freehand positioning, the
fluoroscopy and the use of surgical navigators.

[0007] Inthe "freehand” positioning technique the rate
of positioning errors is about 20%, and is however quite
underestimated since often positioning errors are com-
pletely asymptomatic and can be detected only by a TC
study.

[0008] Intraoperatory fluoroscopy is a commonly used
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technique for guiding the surgeon when implanting trans-
pedicular screws. However, the use of a fluoroscopic
control determines only a low improvement in the preci-
sion in positioning the screws, since it is capable of pro-
viding only projective images, and when implanting the
screw the surgeon must continuously alternate controls
in different projections (frontal-rear and lateral-lateral),
with subsequent waste of time and exposition of the sur-
gical team and the patient to ionizing radiations.

[0009] The use of other computer-aided imaging sys-
tems for locating the transpedicular screws is uncom-
mon, since it has limits due to the high cost of the instru-
mentations, by the substantive increase of the operation
time and by the need in most cases of positioning in the
patient optical markers (for adjusting the pre-operatory
model on the anatomy of the patient) that would make
much more complex the surgical operation. The use of
TC during the surgical operation would make it possible
to obtain guiding images once positioned the patient and
would eliminate the problem of the registration, and
would reduce significantly the errors with respect to the
previous methods, but would expose the patient to high
doses of ionizing radiations and would also present ex-
traction difficulties, with high costs, and for this reason is
quite uncommon in these operations.

[0010] Furthermore, devices are known that provide
the use of tubular screws whose introduction is guided
by means of Kirschner wires. In this case, also the Kir-
schner wires can be guided with the above described
techniques.

[0011] Drilling masks and/or cutting masks are also
known for implanting bone screws or synthetic grafts, in
particular when making orthodontic surgery implants, as
described in WO03071972A1, and in the maxillofacial
surgery. These masks, in case of large traumas, are a
very useful solution for achieving the maximum functional
and aesthetical results for the patient. Recently, similar
solutions have been developed for the knee surgery, as
described in WO2010033431A1.

[0012] The application of the drilling masks of the prior
artfor the application of transpedicular screws, would not
be effective. In fact technical problems would arise ca-
pable of affecting the quality of the operation, concerning:
increased invasivity, for the need detaching the soft tis-
sues from all the spine section; low precision when im-
planting the screws, owing to the low precision of the
support of the drilling masks; impossibility to guide the
screws by a Kirschner wire that can be used as guide for
tubular screws.

[0013] The latter problem of the known drilling masks,
which is due to the problem of removing the drilling mask
after drilling the hole in order to drive the screws in the
pedicle, is particularly relevant. In fact, since it is impos-
sible to guide the screws by a Kirschner wire keeping the
mask in position, the surgeon looses completely the po-
sition of the hole made that has to be found again shifting
away the soft tissues that are hiding it. On the other hand,
if the drilling mask is notwithdrawn before the introduction
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of the screw (that could be advantageously a tubular
screw guided by the Kirschner wire) the mask extraction
would be impossible after driving the tubular screw.
[0014] In US4907577A a drilling mask is described
comprising a L-shaped support body with a guide means
and a adjustable positioning means for adjusting the drill-
ing position. The preamble of claim 1 is based on this
disclosure.

[0015] Other solutions of prior art are also disclosed in
DE20301260, US2009/105761 and FR2713473.
[0016] The above described drilling mask, however,
does not allow a precise definition of the drilling axis. In
fact, the arrangement of the guide channels for assisting
the drilling operation is effected by the surgeon in an em-
pirical way and during the operation. Such involves the
risk of positioning errors and then of drilling errors in the
bone.

Summary of the invention

[0017] It is therefore a feature of the present invention
to provide a drilling mask for drilling the bone and guiding
transpedicular screws with extreme precision in the pedi-
cles.

[0018] 1t is another feature of the present invention to
provide a drilling mask that can be removed only at the
end of the step of introducing the transpedicular screws,
in particular tubular and non tubular screws.

[0019] It is also a feature of the present invention to
provide a drilling mask that is suitable for perfectly fitting
the spinal column and the corresponding bone profile, in
order to increase the drilling stability.

[0020] It is another feature of the present invention to
provide adrilling mask that is cheap and at the same time
improves the precision of putting the transpedicular
screws and does not cause excessive X-ray applications
for the patient by the surgeon.

[0021] It is still a feature of the present invention to
provide a drilling mask for being used without increased
invasivity, i.e. without a need of detaching all the tissues
from the spine in the operation area.

[0022] It is still particular feature of the present inven-
tion to provide a drilling mask to minimize the amount of
tissues to remove/detach and at the same time provides
a steady and deterministic support.

[0023] These and other objects are achieved by a
drilling .mask that is adapted for application to a spine
section for implanting a transpedicular screw, said spine
section having a vertebral body with a spinous process,
avertebral lamina and an articular process with arelative
pedicle, said drilling mask comprising:

- aguide body having a distal surface and a proximal
surface, opposite to said distal surface and facing
towards said spine section,

- areference element obtained on said proximal sur-
face and arranged to contact said spinous process,

- aguide channel having an inlet at said distal surface
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and arranged to work as drilling guide for drilling said
pedicle and implanting said transpedicular screw;

- a plurality of support elements made on said proxi-
mal surface, associated with said reference element
and arranged to contact side parts of said spine sec-
tion,

wherein said guide body comprises at least one refer-
ence portion, comprising said reference element, config-
ured to be put at said spinous process, and a lateral guide
portion, cooperating with said reference portion, and
comprising said guide channel for drilling said pedicle,
wherein said reference portion and said lateral guide por-
tion are mutually coupled to each other through releas-
able mutual engagement means, in order to move from
a use configuration, where said reference portion and
said lateral guide portion are connected to each other for
introducing said transpedicular screw, to a extraction
configuration, where said reference portion and said lat-
eral guide portion are disassembled from each other for
removal of said lateral guide portion in a direction sub-
stantially parallel with respect to the axis of said trans-
pedicular screw and for removal of said reference portion
in a direction substantially parallel to said spinous proc-
ess,

and wherein said reference elementis an element having
a groove arranged to engage and bridge said spinous
process.

[0024] This way, through a guide body comprised of
at least two portions mutually coupled to each other, it is
possible, after driving the transpedicular screw, to re-
move the portions of the drilling mask in a direction sub-
stantially orthogonal towards the above with respect to
their arrangement onto the spine section. In fact, the axis
of the spinous process and of the transpedicular screw
cannot coincide, and owing to the separation between
the lateral guide portion and the reference portion, it is
possible to extract them separately, each following its
axis.

[0025] Inaddition, the reference element thatengages
with the spinous process is extremely useful for guiding
the drilling mask with a correct orientation. Integrally to
the other support elements, in addition to the stability of
the drilling mask, also a way checking its correct location
is achieved.

[0026] More in particular, the portion which comprises
the guide channel is arranged at an angle with respect
to the portion which comprises the reference element
arranged in contact with the spinous process, such that
once inserted the screw it is possible to extract the mask
portion in a way substantially parallel with respect to the
axis of the screw.

[0027] This solution is particularly useful also if tubular
screws are used guided by a Kirschner wire. In this case,
infact, itis possible tofirstly put in the pedicle a Kirschner
wire that can be used as guide for tubular screws or di-
rectly for guiding the final screws (tubular or solid). Alter-
natively, this solution allows in addition to the removal
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also the change of the lateral guide portions for making
holes and then for guiding the screws.

[0028] In particular, said guide body comprises two lat-
eral guide portions arranged at opposite sides with re-
spect to said reference portion and equipped with a re-
spective guide channel, each of the lateral guide portions
being releasably connected to the reference portion, in
such a way that it can pass from said use configuration
to said extraction configuration. This way, the drilling
mask is modular and the lateral portion can be replaced
responsive to the kind of transpedicular screw that has
to be implanted.

[0029] In particular, said plurality of support elements
is arranged to contact side parts of said spine section
and comprise at least one couple of support elements
for said vertebral lamina arranged symmetrically with re-
spectto said spinous process, atleast one couple of sup-
port elements on said articular process, which are ar-
ranged symmetrically with respect to said spinous proc-
ess associated with said guide channels configured to
be put atarespective pedicle. This way, the drilling mask
presents a plurality of support elements in orderto reduce
to the minimum the tissues to remove/detach and at the
same time provides a steady and deterministic support,
without false support points, i.e. all the support elements
are in a steady position of the spine section and do not
rest on the tissues.

[0030] Advantageously, said reference element and
said couple of support elements on said vertebral lamina
and on said articular processes and said guide channel
are connected to each other by connection elements, in
order to form a support bar arranged to keep a precise
relative position between said supports, said reference
element and said guide channel. This way, the two cou-
ples of support elements provide a stability to the struc-
ture and allow the correct arrangement of the same, since
they allow a redundant verification of the position of the
support elements for determining false positioning due
to the presence of residues of soft tissue. In other words,
if for example the mask is stable, but the surgeon verifies
that a support has moved upwards, it means that the
positioning is not correct and that it is necessary to check
whether there are soft tissue residues under the other
support elements.

[0031] In particular, said guide channel can comprise
a reduction element, in particular a bush, configured to
be put in said guide channel, in order to reduce the di-
ameter for use of transpedicular screws that enter pre-
cisely in said reduction element. This way, it is possible
to adapt the guide channel responsive to the diameter of
the transpedicular screws used, in order to obtain a high-
er introduction precision.

[0032] Advantageously, said drilling mask is obtained
starting from imaging means that obtain a volumetric im-
age of said spine section, and a CAD modelling means,
for modelling the drilling mask on the basis of said volu-
metric image, such that said reference element on said
spinous process, said support element on said vertebral
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lamina, and said support element on said articular proc-
ess, fit the bone profile, in order to obtain a support sta-
bility for implanting said transpedicular screw. This way,
the drilling mask can be positioned on the corresponding
vertebra of the patient after a surgical access of size sim-
ilar to a traditional operation under fluoroscopy or free-
hand operation.

[0033] The couple of vertebral support elements onthe
vertebral lamina and on the articular process of the mask
are located after having shifted the muscular tissue lo-
cated underneath, whereas for the reference spinous el-
ement no additional steps are necessary, with respect to
the traditional operation. Once effected the correct ar-
rangement of the drilling mask and then of the guide
channel, the surgeon can proceed, according to the
screws used, for drilling the pedicle and then introducing
a Kirschner wire for causing a tubular screw to slide on
it, or proceeding directly to the guide of the screw, putting
the channel guide for implanting screws.

[0034] Preferably, said imaging means is adapted to
obtain radiographic volumetric images, in particular tom-
ography computerized, magnetic resonance or angio-
graphic three-dimensional rotational images.

[0035] In particular, said CAD modelling means pro-
vides a means for segmenting said radiographic volu-
metric images so that said reference element and said
support elements have a profile that is the negative of
the bone profile obtained by said segmentation, thus con-
tributing to increase the stability and the correct position-

ing.

Brief description of the drawings

[0036] The invention will be now shown with the fol-
lowing description of an exemplary embodiment thereof,
exemplifying but not limitative, with reference to the at-
tached drawings in which:

- Fig. 1 shows a perspective view of a drilling mask,
according to the invention, with a guide body mount-
ed to a spine section for implanting a transpedicular
screw;

- Fig. 2 shows in a perspective enlarged view a refer-
ence portion and a lateral guide portion of the guide
body and connected to each other through mutual
engagement means that allow the removal of the
drilling mask;

- Fig. 3 shows a perspective view of the drilling mask
comprising the reference portion to which two lateral
guide portions are coupled, which comprise support
elements on respective side parts of the spine sec-
tion;

- Fig. 4 shows a perspective view of the drilling mask
Fig. 3 that depicts the possibility of separating the
lateral guide portions from the reference portion for
removal of the drilling mask;

- Fig. 5 shows a perspective view of the drilling mask
of Fig. 3 in a use configuration for introducing the
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transpedicular screws, this version provides, further-
maore, connection elements between the many sup-
port elements;

- Fig. 6 shows a perspective view of the drilling mask
in a configuration for removing one of the lateral
guide portions from the spine section after the intro-
duction of the transpedicular screw;

- Fig. 7 shows a perspective view of the drilling mask
comprising the connection elements between the
support elements;

- Fig.8,8Aand 8B show a perspective view of different
lateral guide portions and of the reference portion
that depicts the mutual engagement means between
the parts;

- Fig. 9 shows a perspective view a reduction element
to bush for adapting the kind of screw to put in the
guide channel of the guide portions;

- finally, Fig. 10 shows a perspective view of the so-
lution without reduction elementwhich allows the use
of a tubular screw guided by a Kirschner wire.

Description of a preferred exemplary embodiment

[0037] With reference to Fig. 1, a drilling mask 100 is
provided for application to a spine section 200 for im-
planting a transpedicular screw 50 (Fig.2). In particular,
spine section 200 comprises a vertebral body 210, a
spinous process 220, a vertebral lamina 230 and an ar-
ticular process 240 with a relative pedicle 250, which de-
fine a predetermined bone profile 260.

[0038] Drilling mask 100, according to the invention,
comprises a guide body 10 with a distal or upper surface
12, distally arranged with respect to spine section 200,
and a proximal or lower 14 surface, opposite to the distal
surface 12 and facing towards spine section 20b.
[0039] In particular, guide body 10 comprises a refer-
ence element 21 obtained on the proximal surface 14
and arranged to contact spinous process 220, and a
guide channel 25 that extends starting from the distal
surface 12 is arranged to work as drilling guide for drilling
the pedicle 250 and implanting transpedicular screw 50.
In addition, guide body 10 comprises a plurality of support
elements 22, 23 made on the proximal surface 14 and
associated with areference element 21, arranged to con-
tact side parts of the spine section 220.

[0040] More in particular, guide body 10 comprises at
least one reference portion 10a, which represents the
central portion of the mask, equipped with reference el-
ement 21, and configured to be put at spinous process
220. Furthermore, guide body 10 comprises at least one
lateral guide portion 10b, cooperating with reference por-
tion 10a, which comprises guide channel 25 for drilling
the pedicle and the support elements 22, 23 laterally with
respect to spinous process 220.

[0041] Reference portion 10a and lateral guide portion
10b are mutually coupled to each other through releas-
able mutual engagement means 16, in order to move
them from a use configuration to (Fig.1), where reference
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portion 10a and lateral guide portion 10b (portion 10c is
not present and can be provided as shown in Fig.3-Fig.
8) are connected to each other for introducing transpedic-
ular screw 50, to an extraction configuration B (Fig.2). In
this extraction configuration B, reference portion 10a and
lateral guide portion 10b are disassembled from each
other, for removal of lateral guide portion 10b in a direc-
tion substantially parallel with respect to the axis 15" of
transpedicular screw 50, and for removal of reference
portion 10a in a direction substantially parallel to spinous
process 220. In particular, the extraction of reference por-
tion 10a is carried out according to a direction which is
orthogonal to the front plane of the spinous process.
[0042] This way, through a guide body 10 that com-
prises at least two portions mutually coupled to each oth-
er 10a and 10b (or also 10c), it is possible, after having
driven transpedicular screw 50, to remove the portions
of the drilling mask in a direction substantially orthogonal
with respect to their arrangement on spine section 200.
More in particular, lateral guide portion 10b or 10c that
comprises the guide channel 25 is arranged at an angle
with respect to reference portion 10a that comprises ref-
erence element 21 arranged in contact with spinous proc-
ess 220, such that once inserted transpedicular screw
50is possible, releasing the two portions from each other,
extracting them in a way substantially parallel to the axis
of transpedicular screw 50 at lateral guide portion 10b,
10c.

[0043] This solution is particularly useful even if are
used tubular screws are used guided through a Kirschner
wire. Inthis case, in fact, it is possible to use drilling mask
100 for drilling a hole, then to put a Kirschner wire in the
hole and maintaining in the pedicle the Kirschner wire
during the extraction of the drilling mask. This way, the
Kirschner wire can be used as guide for tubular screws
or directly for guiding the screws (tubular or not).
[0044] In particular, reference element 21 is an ele-
ment having agroove 21aarrangedto engage and bridge
spinous process 220. This way, reference element 21
embraces and engages spinous process 220. This allows
positioning the inlet portion of drilling mask 100 with a
correct orientation. This way, integrally to the other sup-
port elements 22, 23 in addition to the stability of drilling
mask 100 also a control of its correct location is obtained.
[0045] In particular, as shown in Figs. 3 and 4, guide
body 10 comprises two lateral guide portions 10b and
10c arranged at opposite sides with respect to reference
portion 10a and equipped with a respective guide chan-
nel 25. Each lateral guide portion 10b and 10c is releas-
ably connected to reference portion 103, in order to move
from the use configuration A (Fig.3) to the extraction con-
figuration B (Fig.4). Guide body 10 in the use configura-
tion A is substantially axisymmetrical with respect to
spinous process 220. Thisway, drilling mask 100 besides
assisting its own removal is modular and provides replac-
ing the side portions 10b, 10c with other equivalent por-
tions, for example responsive to the kind of transpedic-
ular screw that can be implanted.
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[0046] In a preferred exemplary embodiment, with ref-
erence to Figs. 5 and 6, support elements are provided
adapted to contact side parts of spine section 200 com-
prising at least one couple of vertebral support elements
22 on the vertebral lamina 230 arranged substantially
symmetrically with respect to spinous process 220, at
least one couple of articular support elements 23 on the
articular process 240, which are arranged substantially
symmetrically with respect to spinous process 220 asso-
ciated with guide channels 25 configured to be put atthe
pedicle 250. This way, drilling mask 100 presents a plu-
rality of support elements in order to minimize the tissues
to remove/detach and at the same time offer a steady
and deterministic support, without false supports, i.e.
such that all the support elements rest on a steady posi-
tion of the spine section and not on the soft tissues or
are raised therefrom.

[0047] In particular, each support element 22, 23 is or-
thogonal to the surface of the portion of bone on which
it rests. This way, the compression force generated by
the surgeon and a respective force of reaction are aligned
with the axis of the relative support. (Fig. 5).

[0048] In addition, the same principle is valid also for
guide channel 25 that is substantially orthogonal to the
surface of the pedicle on which it rests.

[0049] To obtain the above described condition the re-
sultant force of reaction on the support elements, includ-
ing also the guide channels, and the force applied by the
hand of the surgeon has to be zero, to avoid translations.
[0050] Morein particular, the resultantforce of reaction
on the support elements has to fall within the vectorial
space defined by the axes of the four support elements.
The direction of the force applied by the surgeon must
lay along the same axis of the resultant force of reaction
on the support elements. Therefore also the direction of
the force applied by the surgeon has to be contained in
the vectorial space determined by the axes of the four
stems.

[0051] This way, it is ensured that no translation of the
mask.

[0052] In addition to the translation the condition of not
rotating the mask has to be verified. This depends also
from the point where the hand of the surgeon applies the
force, as well as from its direction.

[0053] For achieving this condition, the moment of the
forces calculated with respect to any pole must result
zero. For example, pushing the mask only at a point, to
obtain stability requires that the force is applied along a
line that passes within the contact areas, as it occurs for
atripod located on a plane, where the centre of the mass
must lay between the tripod feet.

[0054] In a simplified form of the drilling mask a lower
number of lateral supports can be provided, for example
a single articular support 23 at a lateral portion 10b, 10c
can be provided associated with a vertebral support 22
located at opposite portion 10c, 10b, in order to give al-
ways a overall steady support to drilling mask 100.
[0055] In addition, as shown in Fig. 7, reference ele-
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ment 21 and the couple of support elements 22 on the
vertebral lamina 230, and the couple of support elements
23 onthe articular process 240 in addition to guide chan-
nels 25, are connected to each other by connection ele-
ments 27, in order to form a support bar arranged to keep
a precise relative position between the support elements,
reference element 21 and guide channel 25. This way,
the two couples of support elements 22, 23 provide a
stability to the structure and allow the correct arrange-
ment of the same since they provide a redundant refer-
ence for the support elements for determining wrong po-
sitioning due to the presence of residues of soft tissue.
In other words, if for example drilling mask 100 is stable,
but the surgeon finds that a support has moved upwards,
it means that the positioning is not correct and then it is
necessary to check any presence of a soft tissue under
the other supportelements. In fact, in the known solutions
having only two support elements, in substance only
three support points are present. This causes positioning
errors if, even only under a single support, soft tissue
parts are present. In these cases the surgeon can incor-
rectly think of having located correctly the mask, since
allthe supportpoints are in contact withthe tissue located
underneath and there are not any oscillations thereof.
[0056] Evenmorein particular, as showninFigs. 8and
8B the mutual engagement means 16 comprises, in a
possible exemplary embodiment, two pins 16a (Fig.8)
arranged to fit in holes 16b made on reference portion
10a (Fig.8B), in orderto connect to arelative lateral guide
portion 10b, 10c. The pins 16a have an axis substantially
parallel to the guide channel 25, in order to assist the
extraction of the side portions and avoid undercut por-
tions.

[0057] Alternatively, the above described pins can be
made as removable pins 16a putin special through holes
16b’ made on the lateral portion which allow locking with
the respective hole 16b obtained in reference portion 21.
The pins 16a may have a protruding head for assisting
the extraction.

[0058] Figs. 8 and 8A show two different exemplary
embodiments of the guide channel 25 obtained at lateral
guide paortions 10b, 10c. In particular, in the first exem-
plary embodiment of Fig. 8, guide portion 10b, 10c is
adapted to guide a drill bit 75, as also shown in Fig. 9,
and provides afirstzone of engaging drill bit 253, a central
stiffening zone 25b and a end zone 26c¢ that rests at the
pedicle. The diameter of guide channel 25 is in this case
proportioned to the diameter of the drill bit. In the exem-
plary embodiment of Fig. 8A a guide channel 25 is pro-
vided with increase diameter for guiding transpedicular
screw 50.

[0059] Alternatively, as shown in Figs. 9 and 10, a
guide channel 25 can be provided with a reduction ele-
ment 29, in particular a bush, configured to be putin guide
channel 25, in order to reduce the diameter for the step
of drilling the pedicle (Fig.9).

[0060] After drilling it is possible to remove the reduc-
tion bush 29 for introduction of the transpedicular screw.
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This way, it is possible to adapt the guide channel re-
sponsive to the diameter of the transpedicular screw
used, in order to obtain a higher introduction precision.
[0061] From a structural viewpoint, drilling mask 100
is obtained starting by data obtained by an imaging
means that measure a volumetric image of spine section
200 and a CAD modelling means, that model drilling
mask 100 on the basis of the volumetric image, such that
reference element21 onspinous process 220, the couple
of vertebral support elements 22 on the vertebral lamina
230, and the couple of articular support elements 23 on
the articular process 240 fit to the bone profile 260, in
order to obtain a support stability and a precision of po-
sitioning for the implant of transpedicular screw 50. In
particular, the imaging means is adapted to obtain radi-
ographic volumetric images, in particular computed tom-
ography or magnetic resonance images.

[0062] This way, drilling mask 100 can be located on
the corresponding vertebra of the patient after having
made a surgical access of size similar to that made for
carrying out a traditional operation under fluoroscopy or
freehand operation. The couple of vertebral support el-
ements 22 on the vertebral lamina 230 and on the artic-
ular process 240 of the mask are located after having
displaced the muscle tissue located underneath, where-
as for the reference spinous element 21 no additional
steps are necessary, with respect to the traditional oper-
ation. Once effected the correct arrangement of drilling
mask 100 and then of the guide channel 25, the surgeon
can proceed, according to the screws used, for drilling
the pedicle 250 using a Kirschner wire and then causing
a tubular screw to slide on it, or to proceed directly to
guide of screw, by arranging the channel for implanting
SCrews.

[0063] In particular, the CAD modelling means pro-
vides a means for segmenting the model of drilling mask
100 into a plurality of cross sections so that reference
element 21 and the support elements have a profile that
is the negative of the bone profile 260 obtained by the
segmentation, thus contributing to increase the stability.
[0064] The foregoing description of specific exemplary
embodiments will so fully reveal the invention according
to the conceptual point of view, so that others, by applying
current knowledge, will be able to modify and/or adaptin
various applications the specific exemplary embodi-
ments without further research and without parting from
the invention, and, then itis meant that such adaptations
and modifications will have to be considered as equiva-
lent to the specific embodiments. The means and the
materials to realise the different functions described
herein could have a different nature without, for this rea-
son, departing from the field of the invention. It is to be
understood that the phraseology or terminology that is
employed herein is for the purpose of description and not
of limitation.
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Claims

1. Adrilling mask (100) for implanting a transpedicular
screw (50) to a spine section (200), said spine sec-
tion (200) having a vertebral body (210) with a
spinous process (220), a vertebral lamina (230) and
aarticular process (240) with a relative pedicle (250),
said drilling mask (100) comprising:

- a guide body (10) having a distal surface (12)
and a proximal surface (14), opposite to said
distal surface (12) and suitable for facing to-
wards said spine section (200),

- areference element(21)obtained on said prox-
imal surface (14) and arranged to contact said
spinous process (220),

- aguide channel (25) having aninlet (15) in said
distal surface (12) and arranged to work as drill-
ing guide for drilling said pedicle (250) and im-
planting said transpedicular screw (50);

- a plurality of support elements (22, 23) made
on said proximal surface (14), associated with
said reference element (21) and arranged to
contact side parts of said spine section (200),

wherein said guide body (10) comprises:

- atleastonereference portion (10a), comprising
said reference element (21), configured to be
put at said spinous process (220), and

- a lateral guide portion (10b, 10c), cooperating
with said reference portion (10a), and compris-
ing said guide channel (25) for drilling said pedi-
cle (250), where said reference portion (10a)
and said lateral guide portion (10b, 10c) are mu-
tually coupled to each other through releasable
mutual engagement means (16), in such a way
that said guide body can, when mounted to said
spire section, move from a use configuration (A),
where said reference portion (10a) and said lat-
eral guide portion (10b, 10¢) are connected to
each other for introducing said transpedicular
screw (50), to an extraction configuration (B),
where said reference portion (10a) and said lat-
eral guide portion (10b, 10c) are disassembled
from each other

characterised in that said reference portion (10a)
and said lateral guide portion (10b, 10c) are disas-
sembled from each other for removal of said lateral
guide portion (10b, 10c) from said reference portion
in a direction substantially parallel with respect to an
axis (15 of said guide channel (25) and for removal
of said reference portion (10a) from said spine sec-
tion in a direction substantially parallel to said
spinous process (220),

and in that

said reference element (21) is an element having a
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groove (21a) arranged to engage bridging said
spinous process (220).

A drilling mask (100), according to claim 1, wherein
said guide body (10) comprisestwo lateral guide por-
tions (10b, 10c) arranged at opposite sides with re-
spect to said reference portion (10a) and equipped
with a respective guide channel (25), each of said
lateral guide portions (10b, 10c) being releasably
connected to said reference portion (10a), in such a
way that it can pass from said use configuration (A)
to said extraction configuration (B).

A drilling mask (100), according to claim 1, wherein
said plurality of supportelements (22, 23) is arranged
to contact side parts of said spine section (200) and
comprise at least one couple of vertebral support
elements (22) on said vertebral lamina (230) ar-
ranged substantially symmetrically with respect to
said spinous process (220), at least one couple of
articular support elements (23) on said articular proc-
esses (240), which are arranged substantially sym-
metrically with respect to said spinous process (220),
associated with said guide channels (25) configured
to be put at a respective pedicle (250).

A drilling mask (100), according to claim 1, wherein
each support element (22, 23) is substantially or-
thogonal to the surface of the bone profile on which
it rests in use.

A drilling mask (100), according to claim 1, wherein
said guide channel (25) is substantially orthogonal
to the surface of the pedicle on which it rests.

A drilling mask (100), according to claim 1 and 3,
where said reference element (21) and said couple
of vertebral support elements (22) on said vertebral
lamina (230) and articular support elements (23) on
said articular processes (240) and said guide chan-
nel (25) are connected to each other by connection
elements (27), in order to form a support bar ar-
ranged to keep a precise relative position between
said support elements (22, 23), said reference ele-
ment (21) and said guide channel (25).

A drilling mask (100), according to claim 3, wherein
said guide channel (25) comprises a reduction ele-
ment (29), in particular a bush, configured to be put
in said guide channel (25), in order to reduce the
diameter for use of transpedicular screws that enter
precisely in said reduction element (29).

A drilling mask (100), according to claim 3, charac-
terized in that the following features are also pro-

vided:

- animaging means for obtaining said reference
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element(21)on said spinous process (220), said
vertebral support elements (22) on said verte-
bral lamina (230), and said articular support el-
ements (23) on said articular processes (240)
of said drilling mask, said imaging means ar-
ranged to measure a volumetric image of said
spine section (200);

- a CAD modelling means for modelling said drill-
ing mask (100) on the basis of said volumetric
image, in suchaway that said reference element
(21) on said spinous process (220), said verte-
bral support elements (22) on said vertebral lam-
ina (230), and said articular support elements
(23) on said articular processes (240) fit the
bone profile, in such a way to obtain a support
stability for implanting said transpedicular screw
(50), in particular said imaging means is ar-
ranged to obtain radiographic volumetric imag-
es, in particular computed tomography or mag-
netic resonance.

A drilling mask (100), according to claim 8, wherein
said CAD modelling means provides a means for
segmenting said model of drilling mask (100) into a
plurality of cross sections in such a way that said
reference element (21) and said support elements
(22,23) have a profile that is the negative of the bone
profile obtained by said segmentation, thus contrib-
uting to increase the stability.

Patentanspriiche

1.

Bohrmaske (100) zur Implantation einer transpedi-
kularen Schraube (50) in einen Wirbelsdulenab-
schnitt (200), wobei der Wirbelsdulenabschnitt (200)
Uber einen Wirbelkdrper (210) mit einem Dornfort-
satz (220), einer Bogenplatte (230) und einem Ge-
lenkfortsatz (240) mit einer entsprechenden Wurzel
(250) verflgt, die Bohrmaske (100) umfassend:

- einen Fihrungskorper (10) mit einer distalen
Oberflache (12) und einer proximalen Oberfla-
che(14), die derdistalen Oberflache (12) gegen-
Uber liegt und daflr geeignet ist, hin zum Wir-
belsaulenabschnitt (200) zu zeigen,

- ein Referenzelement (21), das auf der proxi-
malen Oberflache (14) erlangt wird und so an-
geordnet wird, dass es den Dornfortsatz (220)
berthrt,

- einen Flhrungskanal (25) mit einem Eingang
(15) in der distalen Oberflache (12) und so an-
geordnet, dass er als Bohrfilhrung zum Bohren
der Wurzel (250) und zur Implantation der tran-
spedikuléren Schraube (50) wirkt;

- eine Vielzahl von Stitzelementen (22, 23), die
an der proximalen Oberflache (14) erstellt wer-
den, die mit dem Referenzelement (21) assozi-
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iert sind und so angeordnet sind, dass sie die
seitlichen Teile des Wirbelsdulenabschnitts
(200) beriihren,

wobei der Flhrungskorper (10) Folgendes umfasst:

- mindestens einen Referenzteil (10a), umfas-
send das Referenzelement (21), konfiguriert,
um auf den Dornfortsatz (220) aufgelegt zu wer-
den, und

- einen seitlichen Fihrungsteil (10b, 10c), der
mit dem Referenzteil (10a) zusammenarbeitet
und den Fihrungskanal (25) zum Bohren der
Wurzel (250) umfasst, wobei der Referenzteil
(10a) und der seitliche Flhrungsteil (10b, 10c)
SO gegenseitig Uber freigebbare gemeinsame
Verbindungsmittel (16) miteinander verbunden
sind, dass sich der Filhrungskorper, wenn am
Wirbelsaulenabschnitt befestigt, von einer Ver-
wendungskaonfiguration (A), bei der der Refe-
renzteil (10a) und der seitliche Fuhrungsteil
(10b, 10c) miteinander verbunden sind, um die
transpedikulare Schraube (50) einzufiihren, in
eine Extraktionskonfiguration (B), bei der der
Referenzteil (10a) und der seitliche Fiihrungsteil
(10b, 10c) voneinander getrennt sind, bewegen
kann,

dadurch gekennzeichnet, dass der Referenzteil
(10a) und der seitliche Flhrungsteil (10b, 10¢) zur
Entfernung des seitlichen Flhrungsteils (10b, 10c)
vom Referenzteil in einer Richtung, die im Wesent-
lichen parallel zu einer Achse (15°) des Fuhrungska-
nals (25) liegt, und zur Entfernung des Referenzteils
(10a) vom Wirbelsaulenabschnitt in einer Richtung,
die im Wesentlichen parallel zum Dornfortsatz (220)
liegt, voneinander getrennt werden,

und dadurch, dass

das Referenzelement(21) ein Elementmiteiner Rille
(21a) ist, die so angeordnet ist, dass sie zur Uber-
briickung des Dornfortsatzes (220) ineinander greift.

Bohrmaske (100) nach Anspruch 1, wobei der Fiih-
rungskorper (10) zwei seitliche Fuhrungsteile (10b,
10c) umfasst, die an gegeniberliegenden Seiten in
Bezug auf den Referenzteil (10a) angeordnet sind
und mit einem entsprechenden Fihrungskanal (25)
ausgestattet sind, wobei jeder der seitlichen Fih-
rungsteile (10b, 10c) so freigebbar mit dem Refe-
renzteil (10a) verbunden ist, dass er von der Ver-
wendungskonfiguration (A) in die Extraktionskonfi-
guration (B) wechseln kann.

Bohrmaske (100) nach Anspruch 1, wobei die Viel-
zahl der Stltzelemente (22, 23) so angeordnet ist,
dass sie die seitlichen Teile des Wirbels&ulenab-
schnitts (200) berihrt, und mindestens ein Paar von
Wirbelstltzelementen (22) an der Bogenplatte
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(230), die im Wesentlichen symmetrisch in Bezug
auf den Dornfortsatz (220) angeordnet ist, und min-
destens ein Paar Gelenkstiitzelemente (23) an den
Gelenkfortsatzen (240), die im Wesentlichen sym-
metrische in Bezug auf den Dornfortsatz (220) an-
geordnet sind, assoziiert mit den Flhrungskanélen
(25), die zum Auflegen auf eine entsprechende Wur-
zel (250) konfiguriert sind, umfasst.

Bohrmaske (100) nach Anspruch 1, wobei jedes
Stitzelement (22, 23) im Wesentlichen orthogonal
zur Oberflache des Knochenprofils, auf der es bei
der Verwendung liegt, ist.

Bohrmaske (100) nach Anspruch 1, wobei der Fiih-
rungskanal (25) im Wesentlichen orthogonal zur
Oberflache der Wurzel, auf der er liegt, ist.

Bohrmaske (100) nach Anspruch 1 und 3, wobeidas
Referenzelement (21) und das Paar von Wirbelstut-
zelement (22) an der Bogenplatte (230) und die Ge-
lenkstitzelemente (23) an den Gelenkfortsatzen
(240) und dem Fuhrungskanal (25) Uber Verbin-
dungselemente (27) miteinander verbunden sind,
um einen Stitzbalken zu bilden, der so angeordnet
ist, dass eine genaue relative Position zwischen den
Stiitzelementen (22, 23), dem Referenzelement(21)
und dem Fihrungskanal (25) beibehalten wird.

Bohrmaske (100) nach Anspruch 3, wobei der Filh-
rungskanal (25) ein Reduzierelement (29), insbe-
sondere eine Hilse, umfasst, das zum Einsetzen in
den Flhrungskanal (25) konfiguriert ist, um den
Durchmesser zur Verwendung von transpedikuldren
Schrauben, die genau in das Reduzierelement (29)
eindringen, zu reduzieren.

Bohrmaske (100) nach Anspruch 3, dadurch ge-
kennzeichnet, dass die folgenden Funktionen be-
reitgestellt werden:

- eine Bildgebungsvorrichtung zur Erlangung
des Referenzelements (21) am Dornfortsatz
(220), des Wirbelstltzelements (22) an der Bo-
genplatte (230) und der Gelenkstltzelemente
(23) an den Gelenkfortsatzen (240) der Bohr-
maske, wobei die Bildgebungsvorrichtung so
angeordnet ist, dass sie ein volumetrisches Bild
der Wirbelsaulenabschnitts (200) misst;

- eine CAD-Modellierungsvorrichtung zur Mo-
dellierung der Bohrmaske (100) auf Grundlage
des volumetlischen Bilds, so dass das Referen-
zelement (21) am Dornfortsatz (220), die Wir-
belstutzelemente (22) an der Bogenplatte (230)
und die Gelenkstiitzelemente (23) an den Ge-
lenkfortsatzen (240) dem Knochenprofil ent-
sprechen, so dass eine Stutzstabilitat zur Imp-
lantation der transpedikularen Schraube (50) er-
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langtwird, insbesondere ist die Bildgebungsvor-
richtung so angeordnet, dass radiographische
volumetrische Bilder erlangt werden, insbeson-
dere Computertomographie oder Magnetreso-
nanz.

9. Bohrmaske (100) nach Anspruch 8, wobei die CAD-

Modellierungsvorrichtung eine Vorrichtung zur Zer-
legung des Modells der Bohrmaske (100) in eine
Vielzahl von Querschnitten bereitstellt, so dass das
Referenzelement (21) und die Stitzelemente (22,
23) ein Profil haben, das dem Negativ des Knochen-
profils entspricht, das durch die Zerlegung erhalten
wurde, wodurch zur Erhdhung der Stabilitat beige-
tragen wird.

Revendications

Masque de percage (100) permettant d’implanter
une vis transpédiculaire (50) sur une section de co-
lonne vertébrale (200), ladite section de colonne ver-
tébrale (200) présentant un corps vertébral (210)
munid’une apophyse épineuse (220), une lame ver-
tébrale (230) et une apophyse articulaire (240) mu-
nie d’'un pédicule respectif (250), ledit masque de
percage (100) comprenant:

- un corps de guidage (10) ayant une surface
distale (12) et une surface proximale (14), op-
posée a ladite surface distale (12) et adaptée
pour faire face a ladite section de colonne ver-
tébrale (200),

- un élément de référence (21) prévu sur ladite
surface proximale (14) et disposé pour toucher
ladite apophyse épineuse (220),

- un canal de guidage (25) ayant un orifice d'ad-
mission (15) dans ladite surface distale (12) et
disposé pour faire office de guide de percage
pour percer ledit pédicule (250) et implanter la-
dite vis transpédiculaire (50);

- une pluralité d’éléments supports (22,23) pré-
vus sur ladite surface proximale (14), associés
audit élément de référence dit (21) et organisés
pour toucher les parties latérales de ladite sec-
tion de colonne vertébrale (200),

dans lequel ledit corps de guidage (10) comprend:

- au moins une portion de référence (10a), com-
prenant ledit élément de référence (21), confi-
guré pour &tre placé au niveau de ladite apo-
physe épineuse (220), et

- une portionde guidage latérale (10b, 10c), coo-
pérant avec ladite partie de référence (10a), et
comprenant ledit canal de guidage (25) pour
percer ledit pédicule (250), ou ladite portion de
référence (10a) et ladite portion de guidage la-
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térale (10b, 10c) sont mutuellement accouplées
'une a l'autre grace & des moyens d’engage-
ment mutuels et libérables (16), de telle maniére
gue ledit corps de guidage, une fois monté sur
|adite section de colonne vertébrale, puisse pas-
ser d’une configuration d’utilisation (A) dans la-
quelle ladite portion de référence (10a) et ladite
portion de guidage latérale (10b, 10c) sont con-
nectées I'une a l'autre pour introduire ladite vis
transpédiculaire (50), a une configuration d’ex-
traction (B) dans laquelle ladite portion de réfé-
rence (10a) et ladite portion de guidage latérale
(10b, 10c) sont séparées 'une de l'autre,

caractérisé en ce que ladite portion de référence
(104) et ladite portion de guidage latérale (10b, 10c)
sont séparées l'une de 'autre pour permettre la dé-
pose de ladite portion de guidage latérale (10b, 10c)
par rapport a de ladite partie de référence dans une
direction sensiblement paralléle a un axe (15°) dudit
canal de guidage (25) et la dépose de la portion de
référence (10a) de ladite section de colonne verté-
brale dans une direction sensiblement paralléle a
ladite apophyse épineuse (220),

et en ce que ledit élément de référence (21) est un
élément ayant une gorge (21a) prévue pour s’enga-
ger par pontage dans ladite apophyse épineuse
(220).

Masque de percage (100), selon la revendication 1,
dans lequel ledit corps de guidage (10) comprend
deux portions de guidage latérales (10b, 10t) dispo-
sées sur des cotés opposés par rapport a ladite por-
tion de référence (10a) et équipées d’'un canal de
guidage respectif (25), chacune des portions de gui-
de latérales (10b, 10c) étant connectée de maniére
libérable a ladite portion de référence (10a), de ma-
niére a pouvoir passer de ladite configuration d’'uti-
lisation (A) a ladite configuration d’extraction (B).

Masque de percage (100), selon la revendication 1,
dans lequel ladite pluralité d'éléments supports (22,
23) estaménagée pour toucher des parties latérales
de ladite section de colonne vertébrale (200) et com-
prendre au moins un ou deux d'éléments supports
vertébraux (22) sur ladite lame vertébrales (230) dis-
posées sensiblement de maniere symétrique par
rapport a ladite apophyse épineuse (220), au moins
une paire d’éléments supports articulaires (23) sur
ladite apophyse articulaire (240), qui sontdisposées
sensiblement de maniere symétrique par rapport a
ladite apophyse épineuse (220), associés avec les-
dits canaux de guidage (25) configurés pour étre pla-
cés au niveau d’un pédicule respectif (250).

Masque de percage (100), selon la revendication 1,
dans lequel chaque élément support (22, 23) est
sensiblement orthogonal par rapport a la surface du
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profil osseux sur laquelle il repose en cours d'utili-
sation.

Masque de percage (100), selon la revendication 1,
dans lequel ledit canal de guidage (25) est sensible-
ment orthogonal par rapport a la surface du pédicule
sur laquelle il repose.

Masque de pergage (100), selon la revendication 1
et la revendication 3, dans lequel I'élément de réfeé-
rence (21) et ledit couple d’éléments supports ver-
tébraux (22) sur ladite lame vertébrale (230) et d’élé-
ments supports articulaires (23) sur ladite apophyse
articulaire (240) et ledit canal de guidage (25) sont
reliés les uns aux autres par des éléments de con-
nexion (27), pour former une barre de support dis-
posée pour maintenir une position relative précise
entre lesdits éléments supports (22, 23), ledit élé-
mentde référence (21) et ledit canal de guidage (25).

Masque de percage (100), selon la revendication 3,
dans lequel ledit canal de guidage (25) comprend
un élément de réduction (29), en particulier une
douille, configurée pour étre placé dans ledit canal
de guidage (25), afin de réduire le diamétre pour
utiliser la vis transpédiculaire pénétrant avec préci-
sion ledit élément de reduction (29).

Masque de percage (100), selon la revendication 3,
caractérisé en ce que les fonctions suivantes sont
également prévues :

- unmoyen d’imagerie pour I'obtention dudit élé-
ment de référence (21) sur ladite apophyse épi-
neuse (220), ledit élément support vertébral (22)
sur ladite lame vertébrale (230) et des éléments
supports articulaires (23) sur lesdites apophy-
ses articulaires (240) dudit masque de pergage,
ledit moyen d’imagerie disposée pour mesurer
une image volumétrique de ladite section de co-
lonne vertébrale (200);

- unmoyende modeélisation CAO pour modéliser
ledit masque de pergage (100) sur la base de
ladite image volumétrique, de telle sorte que le-
dit élément de référence (21) sur ladite apophy-
se épineuse (220), lesdits éléments supports
vertébraux (22) sur ladite lame vertébrale (230),
et lesdits éléments supports articulaires (23) sur
lesdites apophyses articulaires (240) corres-
pondent au profil osseux, de fagon a obtenir un
support stable pour implanter ladite vis transpé-
diculaire (50), en particulier, ledit moyen d’ima-
gerie est configuré pour obtenir des images vo-
lumétriques radiographiques, en particulier par
tomographie informatisée ou parrésonance ma-
gnétique.

9. Masque de pergage (100), selon la revendication 8,
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1"

dans lequel ledit moyen de modélisation CAO cons-
titue un moyen pour segmenter ledit modéle de mas-
gue de percage (100) en une pluralité de sections
transversales de telle sorte que ledit élément de ré-
férence (21) et lesdits éléments supports (22, 23)
aient un profil correspondant au négatif du profil os-
seux obtenu par ladite segmentation, contribuant
ainsi a accroitre la stabilité.
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