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(57) Abstract: This invention relates to a method of preoperative planning to correct

spine (1) misalignment of a patient, comprising a step of making a translation and a
rotation, in a sagittal plane, of each vertebra (2) of a set of several cervical and/or
thoracic (T1-T12) and/or lumbar (L1-L5) imaged spine vertebrae (2), so that said set
of imaged vertebrae (2) presents afterwards, in the sagittal plane, the same cervical
lordosis and/or the same thoracic kyphosis and/or the same lumbar lordosis as a
model adapted for said patient, wherein it also comprises, before said step of making
said translation and said rotation in a sagittal plane: a step of making a translation
and a rotation, in a coronal plane, of each vertebra (2) of said set of several cervical
and/or thoracic (T1-T12) and/or lumbar (L1-L5) imaged spine vertebrae (2), so that
said set of imaged vertebrae (2) becomes straight in said coronal plane, and of mak-
ing a rotation, in an axial plane, of each vertebra (2) of said set of several cervical
and/or thoracic (T1-T12) and/or lumbar (L1-L5) imaged spine vertebrae (2), so that
said set of imaged vertebrae (2) becomes axially aligned.
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METHOD OF PREOPERATIVE PLANNING TO CORRECT SPINE
MISALIGNMENT OF A PATIENT

5 FIELD OF THE INVENTION

The invention relates to a method of preoperative planning to correct
spine misalignment of a patient and to the associated pre-shaped or pre-
twisted rod, to be integrated within a patient body to support a patient spine,

10 which has been pre-shaped or pre-twisted according to position and
orientation of a set of imaged vertebrae after a step of making a translation
and a rotation in a sagittal plane performed during such a method of

preoperative planning to correct spine misalignment of a patient.

15 BACKGROUND OF THE INVENTION

According to a prior art, it is known a method of preoperative
planning to correct spine misalignment of a patient based on a step of
making a translation and a rotation, in a sagittal plane, of each vertebra of a

20 set of several cervical and/or thoracic and/or lumbar imaged spine vertebrae,
so that said set of imaged vertebrae presents afterwards, in the sagittal plane,
the same cervical lordosis and/or the same thoracic kyphosis and/or the
same lumbar lordosis as a model adapted for said patient.

Unfortunately, in this prior art, the translation and rotation performed

25 in the sagittal plane lead to an associated pre-twisted rod to be integrated
within a patient body to support a patient spine, which has been pre-twisted
according to position and orientation of a set of imaged vertebrae after a
step of making a translation and a rotation in a sagittal plane performed
during such a method of preoperative planning to correct spine

30 misalignment of a patient which lacks precision as to its length and as to its

curvature location.
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Indeed, the length of the rod is not the correct one, and if cervical
lordosis and/or thoracic kyphosis and/or lumbar lordosis present correct
curvatures, these curvatures are not located at the right place, specific points
of these curvatures, like for example maximum points, minimum points,

5 inflexion points, are shifted and located at the wrong parts of the vertebrae if
not at the wrong vertebrae.

Therefore, during subsequent operative treatment, the surgeon will
need re-twisting empirically, maybe in an iterative way, this pre-twisted rod
so as to fit it correctly to the patient.

10
SUMMARY OF THE INVENTION

The object of the present invention is to alleviate at least partly the
above mentioned drawbacks.

15 More particularly, the invention aims to provide for a more precise
method of preoperative planning to correct spine misalignment of a patient
leading to an associated pre-twisted rod presenting a more precise length
and/or a more precise location of at least one of the curvatures of cervical
lordosis and/or thoracic kyphosis and/or lumbar lordosis, preferably

20 presenting a more precise length and a more precise location of at least of
the curvatures of all imaged and studied spine portions among cervical
lordosis and/or thoracic kyphosis and/or lumbar lordosis.

Therefore, the invention proposes, before the step of making
translation and rotation in a sagittal plane of the imaged spine vertebrae, to

25 make a translation and a rotation, in a coronal plane, of the imaged spine
vertebrae so as to make them straight in the coronal plane, and a rotation, in
an axial plane, of the imaged spine vertebrae so as to make them axially
aligned.

This way, the step of making translation and rotation in a sagittal

30 plane of the imaged spine vertebrae can be performed on an imaged spine

already corrected from scoliosis and from axial vertebraec misalignment.
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The correct cervical lordosis and/or thoracic kyphosis and/or lumbar

lordosis may then be implemented on an imaged spine presenting already a

straight axis in the coronal plane and an axially aligned imaged spine in the

axial plane. The obtained pre-twisted rod is then much more precise, in

5 length and/or in curvature location, having been manufactured or deformed

according to a completely correctly amended imaged spine and not
according to a partly correctly amended imaged spine as in prior art.

This object is achieved with a method of preoperative planning to

correct spine misalignment of a patient, comprising a step of making a

10 translation and a rotation, in a sagittal plane, of each vertebra of a set of

several cervical and/or thoracic and/or lumbar imaged spine vertebrae, so

that said set of imaged vertebrae presents afterwards, in the sagittal plane,

the same cervical lordosis and/or the same thoracic kyphosis and/or the

same lumbar lordosis as a model adapted for said patient, wherein it also

15 comprises, before said step of making said translation and said rotation in a

sagittal plane: a step of making a translation and a rotation, in a coronal

plane, of each vertebra of said set of several cervical and/or thoracic and/or

lumbar imaged spine vertebrae, so that said set of imaged vertebrae

becomes straight in said coronal plane, and of making a rotation, in an axial

20 plane, of each vertebra of said set of several cervical and/or thoracic and/or

lumbar imaged spine vertebrae, so that said set of imaged vertebrae

becomes axially aligned.

Making a translation and a rotation, in a coronal plane, of each

vertebra, and making a rotation, in an axial plane, of each vertebra, may be

25 performed either successively in two successive steps or simultaneously

within the same step. When performed successively in two successive steps,

the step of making a translation and a rotation, in a coronal plane, of each

vertebra, may be performed before the step of making a rotation, in an axial

plane, of each vertebra. When performed successively in two successive

30 steps, the step of making a translation and a rotation, in an axial plane, of

each vertebra, may be performed before the step of making a rotation, in a
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coronal plane, of each vertebra. Preferably, the translation in the coronal

plan is performed with the first rotation, either the one in coronal plan or the

one in axial plan. It is also possible, although less efficient, to perform each

step separately, in whatever order, one step being a translation in coronal

5 plan, one other step being a rotation in axial plan, still one other step being a
rotation in axial plan.

This method of preoperative planning to correct spine misalignment of

a patient, means that the steps of making translations and rotations, in

different planes, of imaged vertebrae, are indeed steps of making

10 translations and rotations of elements or parts of images, on a display device
as for example on a screen. Only portions of images or elements within
images are translated and/or rotated on a display device during this
preoperative planning; no real vertebrae of a patient spine are examined,
touched or moved during this preoperative planning.

15 This object is also achieved with a method of preoperative planning to
correct spine misalignment of a patient, comprising a step of making a
translation and a rotation, in a sagittal plane, of each vertebra of a set of
several thoracic and/or lumbar imaged spine vertebrae, so that said set of
imaged vertebrae presents afterwards, in the sagittal plane, the same

20 thoracic kyphosis and/or the same lumbar lordosis as a model adapted for
said patient, wherein it also comprises, before said step of making said
translation and said rotation in a sagittal plane, successively: a step of
making a translation and a rotation, in a coronal plane, of each vertebra of
said set of several thoracic and/or lumbar imaged spine vertebrae, so that

25 said set of imaged vertebrae becomes straight in said coronal plane, a step of
making a rotation, in an axial plane, of each vertebra of said set of several
thoracic and/or lumbar imaged spine vertebrae, so that said set of imaged
vertebrae becomes axially aligned.

Preferred embodiments comprise one or more of the following

30 features, which can be taken separately or together, either in partial

combination or in full combination.
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Preferably, the method of preoperative planning to correct spine
misalignment of a patient according to the invention is applied to a set of
several thoracic and several lumbar imaged spine vertebrae, so that said set
of imaged vertebrae presents, in the sagittal plane, the same thoracic

5 kyphosis and the same lumbar lordosis as a model adapted for said patient.
This way, the preoperative planning to correct spine misalignment of a
patient and the associated pre-twisted rod will encompass a key part of
patient spine, including both thoracic and lumbar vertebrae.

Preferably, the method of preoperative planning to correct spine

10 misalignment of a patient according to the invention is applied to all
thoracic and all lumbar spine vertebrae, so that said patient spine presents,
in the sagittal plane, the same thoracic kyphosis and the same lumbar
lordosis as a model adapted for said patient. This way, the preoperative
planning to correct spine misalignment of a patient and the associated pre-

15 twisted rod will encompass most of patient spine, including all thoracic and
all lumbar vertebrae.

Preferably, in said step of making a translation and a rotation in said
coronal plane, said translation and rotation are performed simultaneously, in
said step of making a translation and a rotation in said sagittal plane, said

20 translation and rotation are performed simultaneously. This is more efficient
and more realistic to perform both translation and rotation of an imaged
vertebra at the same time, since afterwards during operative treatment; the
surgeon will perform those vertebra moves at the same time on the real
vertebrae of the patient spine to effectively correct this patient spine

25 misalignment.

Preferably, the method of preoperative planning to correct spine
misalignment of a patient according to the invention also comprises, after
said steps of making translations and rotations: a step of pre-twisting at least
one rod, to be integrated within said patient body to support said patient

30 spine, according to position and orientation of said set of imaged vertebrae

after said step of making said translation and said rotation in a sagittal plane.
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Indeed, knowing position and orientation both of the misaligned starting
imaged spine and of the corrected final imaged spine, the length and
curvature(s) of the needed rod, to maintain corrected spine in its corrected
position and orientation after such correction has been performed by the
5 surgeon, can be deduced therefrom. Then, manufacturing or twisting a pre-
manufactured rod so as to make it a pre-twisted rod can be performed
according to the deduced length and curvature(s).
Preferably, in said step of pre-twisting, two rods are pre-twisted which
are to be integrated respectively on both sides of said patient spine.

10 Preferably, the method of preoperative planning to correct spine
misalignment of a patient according to the invention also comprises, after
said steps of making translations and rotations: a step of editing a pattern of
at least one pre-twisted rod to be integrated within said patient body to
support said patient spine, according to position and orientation of said set

15 of imaged vertebrae after said step of making said translation and said
rotation in a sagittal plane. With the help of this pattern, starting from a
standard rod, either the surgeon or a craftsman can make the dedicated pre-
twisted rod(s) to be integrated on the patient spine and preferably on both
sides of the patient spine.

20 Preferably, the method of preoperative planning to correct spine
misalignment of patient according to the invention also comprises, after said
steps of making translations and rotations: a step of calculating the length of
at least one rod, to be integrated within said patient body to support said
patient spine, according to position and orientation of said set of imaged

25 vertebrae after said step of making said translation and said rotation in a
sagittal plane. Calculating the exact length is very interesting, because if
somewhat too short, the pre-twisted rod will not be as efficient as expected
to maintain the corrected position and orientation of patient spine.

Preferably, said set of several thoracic and/or lumbar imaged spine

30 vertebrae is a 3D spine image reconstructed from two 2D radiographic spine

images, preferably from a coronal image and a sagittal image. This way,
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starting from only 2D radiographic spine imaging, a performing 3D

preoperative planning can be made on patient spine, leading to a performing
pre-twisted rod correctly deformed in the three dimensional space.

Preferably, lumbar lordosis position is obtained by moving two end

5 markers corresponding respectively to higher extreme lumbar vertebra and

sacral plate and lumbar lordosis curvature is obtained by moving an

intermediate marker corresponding to an intermediate lumbar vertebra

located between both extreme lumbar vertebrae, and/or thoracic kyphosis

position is obtained by moving two end markers corresponding respectively

10 to both extreme thoracic vertebrae, and thoracic kyphosis curvature is

obtained by moving an intermediate marker corresponding to an

intermediate thoracic vertebra located between both extreme thoracic

vertebrae, and/or cervical lordosis position is obtained by moving two end

markers corresponding respectively to both extreme cervical vertebrae and

15 cervical lordosis curvature is obtained by moving an intermediate marker

corresponding to an intermediate cervical vertebra located between both

extreme cervical vertebrae. Such techniques using two end markers and an

intermediate marker lead to an optimized compromise between the precision

of the curvature(s) implemented and the complexity, both in programing for

20 the planning tool and in manipulation on display for the surgeon, rising with

the number of markers. More than three markers, so two end markers and

two or more intermediate markers are also possible, but this makes the

system more complex for little improved precision.

Preferably, said model is adapted for said patient first by getting an

25 adapted lordosis from one or more patient based parameters and second by

getting an adapted kyphosis from said adapted lordosis and from one or

more patient based parameters. The obtained model will be more efficient

when lumbar lordosis is adapted first, and when then only, with an

optimized and more or less fixed lumbar lordosis (or at most varying within

30 a narrowly limited range), the thoracic kyphosis is adapted.
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Preferably, said adapted lordosis is obtained from patient pelvic
incidence and from patient population type and preferably also from patient
age. This leads to an optimized compromise between the precision of the
curvature(s) implemented and the complexity of calculation to get the right

5 curvature(s).

Preferably, said adapted kyphosis is obtained from said adapted
lordosis and from patient sagittal vertical axis. This leads to an optimized
compromise between the precision of the curvature(s) implemented and the
complexity of calculation to get the right curvature(s).

10 Preferably, said adapted kyphosis is obtained by varying said adapted
lordosis curvature within a limited range, preferably plus or minus 10
degrees, while minimizing said patient sagittal vertical axis. This flexibility,
allowing to still amend the lumbar lordosis during step of thoracic kyphosis
determination after step of lumbar lordosis determination has been

15 completed, such amendment being performed within a narrowly limited
range, allows for quicker and more efficient convergence of the thoracic
kyphosis than the convergence which would be obtained with a completely
fixed value of lumbar lordosis.

Preferably, said spinal misalignment comes from a scoliosis and/or

20 from a degenerative spine. Those are the diseases which can be corrected
thanks to the method of preoperative planning to correct spine misalignment
of a patient and/or to the associated pre-twisted rod(s), both according to
embodiments of the invention.

Preferably, there is a pre-twisted rod, to be integrated within a patient

25 body to support a patient spine, which has been pre-twisted according to
position and orientation of a set of imaged vertebrae after a step of making a
translation and a rotation in a sagittal plane performed during a method of
preoperative planning to correct spine misalignment of a patient according
to the invention. This pre-twisted rod may be used afterwards directly by the

30 surgeon during subsequent operative treatment.
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Further features and advantages of the invention will appear from the
following description of embodiments of the invention, given as non-
limiting examples, with reference to the accompanying drawings listed

hereunder.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a frontal patient spine view, the patient suffering from
scoliosis, allowing performance of a step of the method of preoperative

10 planning according to an embodiment of the invention.

Fig. 2 shows a frontal patient spine view, the spine having been partly
derotated during preoperative planning, allowing performance of a step of
the method of preoperative planning according to an embodiment of the
invention.

15 Fig. 3 shows a frontal patient spine view, where a starting phase of
translation and rotation, in a coronal plane, allowing performance of a step
of the method of preoperative planning according to an embodiment of the
invention.

Fig. 4 shows a frontal patient spine view, where an ending phase of

20 translation and rotation, in a coronal plane, allowing performance of a step
of the method of preoperative planning according to an embodiment of the
invention.

Fig. 5 shows a frontal patient spine view, where a starting phase of
translation and rotation, in an axial plane, allowing performance of a step of

25 the method of preoperative planning according to an embodiment of the
invention.

Fig. 6 shows a frontal patient spine view, where an ending phase of
translation and rotation, in an axial plane, allowing performance of a step of
the method of preoperative planning according to an embodiment of the

30 invention.
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Fig. 7 shows a lateral patient spine view, with a high value of thoracic
kyphosis, allowing performance of a step of the method of preoperative
planning according to an embodiment of the invention.

Fig. 8 shows a lateral patient spine view, with a high value of lumbar

5 lordosis, allowing performance of a step of the method of preoperative
planning according to an embodiment of the invention.

Fig. 9 shows a lateral patient spine view, with a close to zero value of
sagittal vertical axis, allowing performance of a step of the method of
preoperative planning according to an embodiment of the invention.

10 Fig. 10 shows a lateral patient spine view, with a lumbar lordosis
concentrated in the middle region of lumbar vertebrae, allowing
performance of a step of the method of preoperative planning according to
an embodiment of the invention.

Fig. 11 shows a lateral patient spine view, with a lumbar lordosis

15 concentrated in the lower region of lumbar vertebrae, allowing performance
of a step of the method of preoperative planning according to an
embodiment of the invention.

Fig. 12 shows a lateral patient spine view, with a lumbar lordosis
concentrated in the upper region of lumbar vertebrae, allowing performance

20 of a step of the method of preoperative planning according to an
embodiment of the invention.

Fig. 13 shows a lateral patient spine view, with a thoracic kyphosis
concentrated in the middle region of thoracic vertebrae, allowing
performance of a step of the method of preoperative planning according to

25 an embodiment of the invention.

Fig. 14 shows a lateral patient spine view, with a thoracic kyphosis
concentrated in the lower region of thoracic vertebrae, allowing
performance of a step of the method of preoperative planning according to
an embodiment of the invention.

30 Fig. 15 shows a lateral patient spine view, with a thoracic kyphosis

concentrated in the upper region of thoracic vertebrae, allowing
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performance of a step of the method of preoperative planning according to

an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a frontal patient spine view, the patient suffering from
scoliosis, allowing performance of a step of the method of preoperative
planning according to an embodiment of the invention.

A patient spine 1 comprises vertebrae 2 and is ended by pelvis 3.

10 Vertebrae 2 comprise thoracic vertebrae T1 to T12 and lumbar vertebrae L1
to L5. A sane spine 1 should appear as vertical in the coronal plan. Here,
one can see that the spine 1 is heavily curved toward left of figure 1 in its
upper part, corresponding to thoracic vertebrae 2, and slightly curved
toward right of figure 1 in its lower part, corresponding to lumbar vertebrae

15 2. This means that represented spine 1 suffers from a disease called
scoliosis. This means that represented spine 1 should be made straight in
coronal plan. Therefore, imaged thoracic vertebrac T1 to T12 should be
moved to the right of figure 1, whereas imaged lumbar vertebrae L1 to L5
should be moved to the left of figure 1.

20 Fig. 2 shows a frontal patient spine view, the spine having been partly
derotated during preoperative planning, allowing performance of a step of
the method of preoperative planning according to an embodiment of the
invention.

The thoracic vertebrae 2 comprise thoracic vertebrae T1, T2, T3, T4,

25 TS, T6, T7, T8, T9, T10, T11, T12. The lumbar vertebrac 2 comprise
lumbar vertebrae L1, L2, L3, L4, LS. The spine 1 is straight, what means all
vertebrae 2 are vertically aligned. The represented spine 1 is a sane spine
with respect to coronal plan. So, the spine 1, represented on figure 1,
suffering from scoliosis, should be healed so as to become the straight spine

30 1 in coronal plan of figure 2, appearing to be sane with respect to coronal

plan. Therefore, all imaged vertebrae 2 of figure 1 will have to be derotated,
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i.e. to undergo a derotation, so as to become straight in coronal plan as on
figure 2. This derotation will include indeed a rotation and a translation to
be performed simultaneously.

Fig. 3 shows a frontal patient spine view, where a starting phase of

5 translation and rotation, in a coronal plane, allowing performance of a step
of the method of preoperative planning according to an embodiment of the
invention. During derotation, intervertebral space is maintained.

One by one, each vertebra 2 will be simultaneously translated and
rotated in the coronal plan of figure 3, so that the spine 1 becomes straight

10 in coronal plan of figure 3. On figure 3, lumbar vertebrac L5 to L1 and
thoracic vertebra T12 have already undergone such combined translation
and rotation in coronal plan and are already vertically aligned in coronal
plan. Thoracic vertebra T11 has just started its combined translation and
rotation in coronal plan. Thoracic vertebrae T10 to T1 are still in their

15 original position corresponding to scoliosis of spine 1, waiting for
derotation.

Fig. 4 shows a frontal patient spine view, where an ending phase of
translation and rotation, in a coronal plane, allowing performance of a step
of the method of preoperative planning according to an embodiment of the

20 invention.

On figure 4, lumbar vertebrae L5 to L1 and thoracic vertebra T12
have already undergone such combined translation and rotation in coronal
plan and are already vertically aligned in coronal plan. Thoracic vertebra
T11 is about ending its combined translation and rotation in coronal plan.

25 Thoracic vertebrae T10 to T1 are still in their original position
corresponding to scoliosis of spine 1, waiting for derotation.

Fig. 5 shows a frontal patient spine view, where a starting phase of
translation and rotation, in an axial plane, allowing performance of a step of
the method of preoperative planning according to an embodiment of the

30 invention.
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One by one, each vertebra 2 will be simultaneously translated and
rotated in the axial plan of figure 5, so that the spine 1 becomes straight in
axial plan of figure 5. On figure 5, lumbar vertebrae L5 to L1 and thoracic
vertebra T12 to T9 have already undergone such combined translation and

5 rotation in axial plan and are already vertically aligned in axial plan.
Thoracic vertebra T8 has just started its combined translation and rotation in
axial plan. Thoracic vertebrae T7 to T1 are still in their original position
corresponding to scoliosis of spine 1, waiting for derotation.

Fig. 6 shows a frontal patient spine view, where an ending phase of

10 translation and rotation, in an axial plane, allowing performance of a step of
the method of preoperative planning according to an embodiment of the
invention.

On figure 6, lumbar vertebrae LS to L1 and thoracic vertebra T12 to
T9 have already undergone such combined translation and rotation in axial

15 plan and are already vertically aligned in axial plan. Thoracic vertebra T8 is
ending its combined translation and rotation in axial plan. Thoracic
vertebrae T7 to T1 are still in their original position corresponding to
scoliosis of spine 1, waiting for derotation.

Figures 3-6 have shown both derotations in coronal plan and in axial

20 plan. In fact, both derotations may be performed the following way:
combined translation in coronal plan and rotations respectively in coronal
and axial plans are performed either successively or simultaneously with the
imaged vertebrae 2 on display device during preoperative planning so that,
at the end, spine 1 becomes aligned in coronal and axial plans, in a similar

25 way as will be made with the real vertebrae later during operative treatment.

Fig. 7 shows a lateral patient spine view, with a high value of thoracic
kyphosis, allowing performance of a step of the method of preoperative
planning according to an embodiment of the invention. Spine curvature
should be changed so as to provide for a closer to zero (or better a close to

30 zero) value of sagittal vertical axis.
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Spine 1 is articulated on sacral plate S1 of pelvis 3 and comprises
vertebrae 2 among which thoracic vertebrae T1 to T12 and lumbar vertebrae
L1 to LS. The lumbar lordosis is the curvature of curve C2 of spine 1 on a
subset of lumbar vertebrae L1 to L5. It can be determined as the angle

5 between two directions D1 and D2 which correspond respectively to sacral
plate S1 of pelvis orientation and to upper plate of lumbar vertebra L1
orientation. Its value on figure 7 is 71.4 degrees.

To change the value of lumbar lordosis, an intermediate marker 8 can
be moved on the display device by the operator so as to change the

10 curvature of curve C2 between two end markers 7 and 9 which remain
fixedly respectively located on first lumbar vertebra L1 and on sacral plate
S1 of pelvis 3. By moving the intermediate marker 8, the curve C2 is also
displaced, since intermediate marker 8 stays on this curve C2.

The intermediate marker 8 can be moved up and down along spine 1

15 axis in order to change curvature distribution as well as perpendicularly to
spine 1 axis in order to change curvature direction and curvature amplitude.
The bounds of this intermediate marker 8 displacement are along spine 1
axis the extreme lumbar vertebrae L1 and L5, and perpendicularly to spine 1
axis the maximum amplitude corresponding to maximal curvature that the
20 lumbar vertebrae L1 to L5 may bear without damage.

The thoracic kyphosis is the curvature of curve C1 of spine 1 on a
subset of thoracic vertebrae T1 to T12. It can be determined as the angle
between two directions D3 and D4 which correspond respectively to lower
plate of thoracic vertebra T12 orientation and to upper plate of thoracic

25 vertebra T1 orientation. Its value on figure 7 is 50.7 degrees.

To change the value of thoracic kyphosis, an intermediate marker 5
can be moved on the display device by the operator so as to change the
curvature of curve C1 between two end markers 4 and 6 which remain
fixedly respectively located on first thoracic vertebra T1 and on last thoracic

30 vertebra T12 or preferably more precisely just in between last thoracic

vertebra T12 and first lumbar vertebra L1. By moving the intermediate
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marker 5, the curve C1 is also displaced, since intermediate marker 5 stays
on this curve C1.

The intermediate marker 5 can be moved up and down along spine 1
axis in order to change curvature distribution as well as perpendicularly to

5 spine 1 axis in order to change curvature direction and curvature amplitude.
The bounds of this intermediate marker 5 displacement are along spine 1
axis the extreme thoracic vertebrae T1 and T12, and perpendicularly to
spine 1 axis the maximum amplitude corresponding to maximal curvature
that the thoracic vertebrae T1 to T12 may bear without damage.

10 The sagittal vertical axis value E1 is -115.4mm. This value should be
brought close to zero, if possible and while respecting the scheduled values
of lumbar lordosis and thoracic kyphosis for this specific patient, so that
spine 1 becomes more balanced and may correspond to saner thoracic
kyphosis and lumbar lordosis. On figure 7, the value of thoracic kyphosis,

15 which is too high, should therefore be reduced.

Fig. 8 shows a lateral patient spine view, with a high value of lumbar
lordosis, allowing performance of a step of the method of preoperative
planning according to an embodiment of the invention. Spine curvature
should be changed so as to provide for a closer to zero (or better a close to

20 zero) value of sagittal vertical axis.

The value of lumbar lordosis is on figure 8 is 91.1 degrees. To change
the value of lumbar lordosis, an intermediate marker 8 can be moved on the
display device by the operator so as to change the curvature of curve C2
between two end markers 7 and 9 which remain fixedly respectively located

25 on first lumbar vertebra L1 and on sacral plate S1 of pelvis 3. By moving
the intermediate marker 8, the curve C2 is also displaced, since intermediate
marker 8 stays on this curve C2.

The value of thoracic kyphosis is on figure 8 is 41.0 degrees. To
change the value of thoracic kyphosis, an intermediate marker 5 can be

30 moved on the display device by the operator so as to change the curvature of

curve C1 between two end markers 4 and 6 which remain fixedly
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respectively located on first thoracic vertebra T1 and on last thoracic

vertebra T12 or preferably more precisely just in between last thoracic

vertebra T12 and first lumbar vertebra L1. By moving the intermediate

marker 5, the curve C1 is also displaced, since intermediate marker 5 stays
5 on this curve C1.

The sagittal vertical axis value El is 4.2mm. This value should be
brought close to zero, if possible and while respecting the scheduled values
of lumbar lordosis and thoracic kyphosis for this specific patient, so that
spine 1 becomes more balanced and may correspond to saner thoracic

10 kyphosis and lumbar lordosis. On figure 8, the value of lumbar lordosis,
which is too high, should therefore be reduced.

Fig. 9 shows a lateral patient spine view, with a close to zero value of
sagittal vertical axis, allowing performance of a step of the method of
preoperative planning according to an embodiment of the invention. Spine

15 curvature is adapted because the value of sagittal vertical axis is already
close to zero.

The value of lumbar lordosis is on figure 9 is 86.0 degrees. To change
the value of lumbar lordosis, an intermediate marker 8 can be moved on the
display device by the operator so as to change the curvature of curve C2

20 between two end markers 7 and 9.

The value of thoracic kyphosis is on figure 9 is 34.5 degrees. To
change the value of thoracic kyphosis, an intermediate marker 5 can be
moved on the display device by the operator so as to change the curvature of
curve C1 between two end markers 4 and 6.

25 The sagittal vertical axis value El is -1.5mm. This value is indeed
very close to zero. On figure 9, corresponding spine 1 is well balanced and
corresponds to sane thoracic kyphosis and lumbar lordosis.

Fig. 10 shows a lateral patient spine view, with a lumbar lordosis
concentrated in the middle region of lumbar vertebrae, allowing

30 performance of a step of the method of preoperative planning according to

an embodiment of the invention. Spine curvature should be changed so as to
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provide for a closer to zero (or better a close to zero) value of sagittal
vertical axis.
The value of lumbar lordosis is on figure 10 is 76.4 degrees. The
lumbar lordosis is concentrated in the middle region of lumbar vertebrae 2;
5 therefore intermediate marker 8 is halfway between end markers 7 and 9. To
change the value of lumbar lordosis, intermediate marker 8 can be moved on
the display device by the operator so as to change the curvature of curve C2
between two end markers 7 and 9.
The value of thoracic kyphosis is on figure 10 is 34.5 degrees. The

10 thoracic kyphosis is concentrated in the middle region of thoracic vertebrae
2; therefore intermediate marker 5 is halfway between end markers 4 and 6.
To change the value of thoracic kyphosis, intermediate marker 5 can be
moved on the display device by the operator so as to change the curvature of
curve C1 between two end markers 4 and 6.

15 The sagittal vertical axis value E1 is -53.1mm. This value should be
brought close to zero, if possible and while respecting the scheduled values
of lumbar lordosis and thoracic kyphosis for this specific patient, so that
spine 1 becomes more balanced.

Fig. 11 shows a lateral patient spine view, with a lumbar lordosis

20 concentrated in the lower region of lumbar vertebrae, allowing performance
of a step of the method of preoperative planning according to an
embodiment of the invention. Spine curvature should be changed so as to
provide for a closer to zero (or better a close to zero) value of sagittal
vertical axis.

25 The value of lumbar lordosis is on figure 11 is 68.0 degrees. The
lumbar lordosis is concentrated in the lower region of lumbar vertebrae 2;
therefore intermediate marker 8 is closer to end marker 9 than to end marker
7. The lumbar lordosis should not be so concentrated in the lower region of
lumbar vertebrae 2 and should be better distributed. To change the value of

30 lumbar lordosis, intermediate marker 8 can be moved on the display device
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by the operator so as to change the curvature of curve C2 between two end
markers 7 and 9.
The value of thoracic kyphosis is on figure 11 is 34.5 degrees. The
thoracic kyphosis is concentrated in the middle region of thoracic vertebrae
5 2; therefore intermediate marker 5 is halfway between end markers 4 and 6.
To change the value of thoracic kyphosis, intermediate marker 5 can be
moved on the display device by the operator so as to change the curvature of
curve C1 between two end markers 4 and 6.
The sagittal vertical axis value E1 is -91.8mm. This value should be
10 brought close to zero, if possible and while respecting the scheduled values
of lumbar lordosis and thoracic kyphosis for this specific patient, so that
spine 1 becomes more balanced.
Fig. 12 shows a lateral patient spine view, with a lumbar lordosis
concentrated in the upper region of lumbar vertebrae, allowing performance
15 of a step of the method of preoperative planning according to an
embodiment of the invention. Spine curvature should be changed so as to
provide for a closer to zero (or better a close to zero) value of sagittal
vertical axis.
The value of lumbar lordosis is on figure 12 is 74.4 degrees. The
20 lumbar lordosis is concentrated in the upper region of lumbar vertebrae 2;
therefore intermediate marker 8 is closer to end marker 7 than to end marker
9. The lumbar lordosis should not be so concentrated in the upper region of
lumbar vertebrae 2 and should be better distributed. To change the value of
lumbar lordosis, intermediate marker 8 can be moved on the display device
25 by the operator so as to change the curvature of curve C2 between two end
markers 7 and 9.
The value of thoracic kyphosis is on figure 12 is 34.5 degrees. The
thoracic kyphosis is concentrated in the middle region of thoracic vertebrae
2; therefore intermediate marker 5 is halfway between end markers 4 and 6.

30 To change the value of thoracic kyphosis, intermediate marker 5 can be
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moved on the display device by the operator so as to change the curvature of
curve C1 between two end markers 4 and 6.

The sagittal vertical axis value EI is -61.7mm. This value should be

brought close to zero, if possible and while respecting the scheduled values
5 of lumbar lordosis and thoracic kyphosis for this specific patient, so that
spine 1 becomes more balanced.

Fig. 13 shows a lateral patient spine view, with a thoracic kyphosis
concentrated in the middle region of thoracic vertebrae, allowing
performance of a step of the method of preoperative planning according to

10 an embodiment of the invention. Spine curvature should be changed so as to
provide for a closer to zero (or better a close to zero) value of sagittal
vertical axis.

The value of lumbar lordosis is on figure 13 is 72.1 degrees. The
lumbar lordosis is concentrated in the lower region of lumbar vertebrae 2;

15 therefore intermediate marker 8 is closer to end marker 9 than to end marker
7. To change the value of lumbar lordosis, intermediate marker 8 can be
moved on the display device by the operator so as to change the curvature of
curve C2 between two end markers 7 and 9.

The value of thoracic kyphosis is on figure 13 is 34.5 degrees. The

20 thoracic kyphosis is concentrated in the middle region of thoracic vertebrae
2; therefore intermediate marker 5 is halfway between end markers 4 and 6.
To change the value of thoracic kyphosis, intermediate marker 5 can be
moved on the display device by the operator so as to change the curvature of
curve C1 between two end markers 4 and 6.

25 The sagittal vertical axis value EI is -73.5mm. This value should be
brought close to zero, if possible and while respecting the scheduled values
of lumbar lordosis and thoracic kyphosis for this specific patient, so that
spine 1 becomes more balanced.

Fig. 14 shows a lateral patient spine view, with a thoracic kyphosis

30 concentrated in the lower region of thoracic vertebrae, allowing

performance of a step of the method of preoperative planning according to
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an embodiment of the invention. Spine curvature should be changed so as to
provide for a closer to zero (or better a close to zero) value of sagittal
vertical axis.

The value of lumbar lordosis is on figure 14 is 72.1 degrees. The

5 lumbar lordosis is concentrated in the lower region of lumbar vertebrae 2;
therefore intermediate marker 8 is closer to end marker 9 than to end marker
7. To change the value of lumbar lordosis, intermediate marker 8 can be
moved on the display device by the operator so as to change the curvature of
curve C2 between two end markers 7 and 9.

10 The value of thoracic kyphosis is on figure 14 is 26.5 degrees. The
thoracic kyphosis is concentrated in the lower region of thoracic vertebrae 2;
therefore intermediate marker 5 is closer to end marker 6 than to end marker
4. The thoracic kyphosis should not be so concentrated in the lower region
of thoracic vertebrae 2 and should be better distributed. To change the value

15 of thoracic kyphosis, intermediate marker 5 can be moved on the display
device by the operator so as to change the curvature of curve C1 between
two end markers 4 and 6.

The sagittal vertical axis value El is -72.9mm. This value should be
brought close to zero, if possible and while respecting the scheduled values

20 of lumbar lordosis and thoracic kyphosis for this specific patient, so that
spine 1 becomes more balanced.

Fig. 15 shows a lateral patient spine view, with a thoracic kyphosis
concentrated in the upper region of thoracic vertebrae, allowing
performance of a step of the method of preoperative planning according to

25 an embodiment of the invention. Spine curvature should be changed so as to
provide for a closer to zero (or better a close to zero) value of sagittal
vertical axis.

The value of lumbar lordosis is on figure 15 is 72.1 degrees. The
lumbar lordosis is concentrated in the lower region of lumbar vertebrae 2;

30 therefore intermediate marker 8 is closer to end marker 9 than to end marker

7. To change the value of lumbar lordosis, intermediate marker 8 can be
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moved on the display device by the operator so as to change the curvature of
curve C2 between two end markers 7 and 9.

The value of thoracic kyphosis is on figure 15 is 61.5 degrees. The

thoracic kyphosis is concentrated in the upper region of thoracic vertebrae 2;
5 therefore intermediate marker 5 is closer to end marker 4 than to end marker
6. The thoracic kyphosis should not be so concentrated in the upper region
of thoracic vertebrae 2 and should be better distributed. To change the value
of thoracic kyphosis, intermediate marker 5 can be moved on the display
device by the operator so as to change the curvature of curve C1 between

10 two end markers 4 and 6.

The sagittal vertical axis value E1 is -68.7mm. This value should be
brought close to zero, if possible and while respecting the scheduled values
of lumbar lordosis and thoracic kyphosis for this specific patient, so that
spine 1 becomes more balanced.

15 The invention has been described with reference to preferred
embodiments. However, many variations are possible within the scope of

the invention.
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CLAIMS

1. Method of preoperative planning to correct spine (1) misalignment of a
5 patient, comprising a step of making a translation and a rotation, in a
sagittal plane, of each vertebra (2) of a set of several cervical and/or
thoracic (T1-T12) and/or lumbar (L1-L5) imaged spine vertebrae (2), so
that said set of imaged vertebrae (2) presents afterwards, in the sagittal
plane, the same cervical lordosis and/or the same thoracic kyphosis
10 and/or the same lumbar lordosis as a model adapted for said patient,
wherein it also comprises, before said step of making said translation
and said rotation in a sagittal plane a step of making a translation and
a rotation, in a coronal plane, of each vertebra (2) of said set of several
cervical and/or thoracic (T1-T12) and/or lumbar (L.1-L5) imaged spine
15 vertebrae (2), so that said set of imaged vertebrae (2) becomes straight
in said coronal plane, and of making a rotation, in an axial plane, of
each vertebra (2) of said set of several cervical and/or thoracic (T1-
T12) and/or lumbar (L1-L5) imaged spine vertebrae (2), so that said

set of imaged vertebrae (2) becomes axially aligned.

20
2. Method of preoperative planning to correct spine (1) misalignment of a
patient according to claim 1, wherein it is applied to a set of several
thoracic (T1-T12) and several lumbar (L1-L5) imaged spine vertebrae
(2), so that said set of imaged vertebrae (2) presents, in the sagittal
25 plane, the same thoracic kyphosis and the same lumbar lordosis as a

model adapted for said patient.

3. Method of preoperative planning to correct spine (1) misalignment of a
patient according to claim 2, wherein it is applied to all thoracic (T1-

30 T12) and all lumbar (L1-L5) spine vertebrae (2), so that said patient
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spine (1) presents, in the sagittal plane, the same thoracic kyphosis and

the same lumbar lordosis as a model adapted for said patient.

4. Method of preoperative planning to correct spine (1) misalignment of a
5 patient according to any of claims 1 to 3, wherein:

- in said step of making a translation and a rotation in said coronal

plane, said translation and rotation are performed simultaneously,
- in said step of making a translation and a rotation in said sagittal

plane, said translation and rotation are performed simultaneously.

10

5. Method of preoperative planning to correct spine (1) misalignment of a
patient according to any of preceding claims, wherein it also comprises,
after said steps of making translations and rotations, a step of pre-
twisting at least one rod, to be integrated within said patient body to
15 support said patient spine (1), according to position and orientation of
said set of imaged vertebrae (2) after said step of making said translation

and said rotation in a sagittal plane.

6. Method of preoperative planning to correct spine (1) misalignment of a
20 patient according to claim 5, wherein in said step of pre-twisting, two
rods are pre-twisted which are to be integrated respectively on both sides

of said patient spine (1).

7. Method of preoperative planning to correct spine (1) misalignment of a

25 patient according to any of claims 1 to 4, wherein it also comprises, after
said steps of making translations and rotations, a step of editing a pattern

of at least one pre-twisted rod to be integrated within said patient body

to support said patient spine (1), according to position and orientation of

said set of imaged vertebrae (2) after said step of making said translation

30 and said rotation in a sagittal plane.
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8. Method of preoperative planning to correct spine (1) misalignment of a
patient according to any of preceding claims, wherein it also comprises,
after said steps of making translations and rotations, a step of calculating
the length of at least one rod, to be integrated within said patient body to

5 support said patient spine (1), according to position and orientation of
said set of imaged vertebrae (2) after said step of making said translation

and said rotation in a sagittal plane.

9. Method of preoperative planning to correct spine (1) misalignment of a

10 patient according to any of preceding claims, wherein said set of several
thoracic (T1-T12) and/or lumbar (L1-L5) imaged spine vertebrae (2) is a

3D spine (1) image reconstructed from two 2D radiographic spine (1)

images, preferably from a coronal image and a sagittal image.

15 10. Method of preoperative planning to correct spine (1) misalignment of a
patient according to any of preceding claims,
wherein lumbar lordosis position is obtained by moving two end
markers (7, 9) corresponding respectively to higher extreme lumbar vertebra
(L1) and sacral plate (S1) and lumbar lordosis curvature (C2) is obtained by
20 moving an intermediate marker (8) corresponding to an intermediate lumbar
vertebra located between both extreme lumbar vertebrae (L1-L5),
and/or wherein thoracic kyphosis position is obtained by moving two
end markers (4, 6) corresponding respectively to both extreme thoracic
vertebrae (T1, T12) and thoracic kyphosis curvature (C1) is obtained by
25 moving an intermediate marker (5) corresponding to an intermediate
thoracic vertebra located between both extreme thoracic vertebrae (T,
T12),
and/or wherein cervical lordosis position is obtained by moving two
end markers corresponding respectively to both extreme cervical vertebrae

30 and cervical lordosis curvature is obtained by moving an intermediate
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marker corresponding to an intermediate cervical vertebra located between

both extreme cervical vertebrae.

11. Method of preoperative planning to correct spine (1) misalignment of a
5 patient according to any of preceding claims, wherein said model is
adapted for said patient first by getting an adapted lordosis from one or
more patient based parameters and second by getting an adapted
kyphosis from said adapted lordosis and from one or more patient based
parameters.
10
12. Method of preoperative planning to correct spine (1) misalignment of a
patient according to claim 11, wherein said adapted lordosis is obtained
from patient pelvic incidence and from patient population type and
preferably also from patient age.
15
13. Method of preoperative planning to correct spine (1) misalignment of a
patient according to claim 12, wherein said adapted kyphosis is obtained

from said adapted lordosis and from patient sagittal vertical axis (E1).

20 14. Method of preoperative planning to correct spine (1) misalignment of a
patient according to claim 13, wherein said adapted kyphosis is obtained
by varying said adapted lordosis curvature (C2) within a limited range,
preferably plus or minus 10 degrees, while minimizing said patient
sagittal vertical axis (E1).

25

15. Method of preoperative planning to correct spine (1) misalignment of a
patient according to any of preceding claims, wherein said spine (1)

misalignment comes from a scoliosis and/or from a degenerative spine.

30 16. A pre-twisted rod, to be integrated within a patient body to support a

patient spine (1), which has been pre-twisted according to position and
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orientation of a set of imaged vertebrae (2) after a step of making a
translation and a rotation in a sagittal plane performed during a method
of preoperative planning to correct spine (1) misalignment of a patient

according to any of preceding claims.
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