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(57) ABSTRACT

The robotic device for positioning a surgical instrument rela-
tive to the body of a patient includes a first robotic arm with a
device for rigidly connecting to at least one surgical instru-
ment, a device for anatomical realignment of the first arm by
realigning an image that is of an area of the anatomy of the
patient, and a device for compensating the movements of the
first arm on the basis of detected movements. One version of
the device includes at least one second robotic arm having
sensors for detecting inner movements of the anatomical area,
and a device for controlling the positioning of the first arm
relative to sensed inner movements and to the outer move-
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ments induced in the second arm.
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ROBOTIC-ASSISTED DEVICE FOR
POSITIONING A SURGICAL INSTRUMENT
RELATIVE TO THE BODY OF A PATIENT
RELATED U.S. APPLICATIONS

[0001] Not applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO MICROFICHE APPENDIX

[0003] Not applicable.
BACKGROUND OF THE INVENTION
[0004] 1. Field of the Invention
[0005] The present invention falls within the medical field,

especially in the operating methodology when preparing and
conducting surgical operations.

[0006] The invention specifically relates to anatomical
medical imaging, in order to perform robotic-assisted surgi-
cal operations.

[0007] The present invention will find a preferred, but in no
way restricted, application to surgical operations of the ana-
tomical region of the rachis.

[0008] To this end, the invention relates to a device for
positioning a surgical instrument relative to the body of a
patient.

[0009] It should be noted that the invention will be

described according to a specific example of operation at the
level of the lumbar rachis, the level of the anterior curvature of
the lordosis of the spine. However, the invention can be used
for an operation at the level of the upper and lower cervical
rachis, the back or thoracic rachis, as well as the sacral rachis
and the coccyx.

[0010] 2. Description of Related Art Including Information
Disclosed Under 37 CFR 1.97 and 37 CFR 1.98.

[0011] Inthis anatomical area, surgical procedures are deli-
cate, thorough and risky operations that require accurately
drilling, breaking or milling a vertebra, dissecting muscles,
ligaments, vertebral discs, while avoiding damaging the spi-
nal cord, the nerve roots, the veins and the nerves.

[0012] For example, the commonly performed procedures
include laminectomy, radicular release, in the cases of lumbar
spinal stenosis or a herniated disc; arthrodesis consisting in
combining vertebrae by screwing into a pedicle, kyphoplasty
and vertebroplasty consisting in injecting a cement into the
vertebral body.

[0013] Such operations are implemented through an as nar-
row as possible operating channel, in order to reduce hospi-
talization and facilitate the patient’s recovery, even more
through a minimally invasive or percutaneous surgery. The
narrowness of this operating channel makes the precision of
the operation by the practitioner difficult, since the visibility
decreases due to bleeding. In this condition, a rate of mis-
placement of pedicle screws up to 25% results, knowing that
the aggressive misplacements make up 3 to 5%.

[0014] In order to improve the accuracy of his operation,
the surgeon now uses anatomical medical imaging systems,
in particular fluoroscopy and navigation.

[0015] First of all, fluoroscopy generates X-rays over a
period permitting to acquire images continuously and thus
achieve a direct view, where the surgeon can monitor in real
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time the progress of his tool within the anatomical structure.
However, since extended or repeated exposure to these ion-
izing radiations is harmful to the medical personnel and the
patient, the use of this technique is deliberately limited.
[0016] On the other hand, navigation permits to view a
virtual tool on a pre- or per-operative imaging, on which the
surgeon observes in real time the progress of his tool, even
more so in the case of a three-dimensional (3D) navigation.
[0017] However, a first drawback arises from the complex-
ity of the calculations of for positioning the surgical tools,
leading to approximations and causing wrong positioning. In
addition, the existing techniques require positioning a fixed
marker on the patient’s body, presently invasively screwed
into the spine, for example, and to which the image-acquisi-
tion optics of the navigation system is pointed.

[0018] Furthermore, these techniques do not permit to cope
with the errors related to the manual performance of the
surgical procedure by the practitioner, in particular in the case
of a stressing step of drilling, then screwing into a pedicle.
[0019] That is why robotic systems for assisting surgery
have been developed, which permit to assist the surgeon and
to mechanically ensure accuracy and repeatability of the sur-
gical procedure.

[0020] In this context, an additional problem during an
operation lies in the management of the anatomical move-
ments of the patient due to his own breathing as well as to his
heart beating. In particular, the breathing depends on the
activity of the diaphragm generating chest and lung move-
ments contributing to the gas exchanges. This muscular activ-
ity causes a deformation of the collateral anatomical parts,
such as the abdomen and the rachis. The magnitude of this
deformation depends on the minute ventilation (MV),
depending on its volume and its frequency, but also on the
position of the patient, namely standing, sitting or lying on his
stomach, back or side.

[0021] In the case of an operation on the rachis, the latter
moves to a larger extent for the thoracic vertebrae and to a
lesser extent for the lumbar vertebrae. In addition, the move-
ments of a specific vertebra can be modified by the action of
the surgeon as part of his operation, namely when he drills or
breaks the bone structure, or cuts muscles and ligaments,
which also support the vertebral structure.

[0022] In order to limit these movements during a lumbar
surgery, when the access path permits such, the patient is
lying on his stomach, taking care to leave the movements of
the belly free below the level of the chest region. The patient
is then immobilized in this position by mechanisms and
accessories of the operating table. This particular prone posi-
tion permits to significantly reduce the magnitude of the
movements of the lumbar rachis.

[0023] However, the breathing and especially the external
forces resulting from the operation generate mutually peri-
odic and extemporaneous movements of the lumbar rachis of
several millimeters, which the surgeon is then obliged to
compensate for thanks to his dexterity and his visual acuity.
[0024] In the case of a robotic-assisted operation, it is
extremely important to measure these motions for the robotic
arm to automatically adjust to these movements, in order to
maintain the improved robotic accuracy compared to that of
the surgeon, while accompanying said movements with a
speed of execution corresponding to the speed of the target.
[0025] To this end, in order to be in line with the pre-
operative planning on 3D imaging, the movements of the
anatomical target, namely the lumbar vertebra, should be
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measured and compensated for in real time in order to main-
tain the pinpoint accuracy of the device for assisting in loca-
tion.

[0026] At present, the solution of the marker screwed into
the backbone is carried out, namely during navigation. An
algorithm then calculates the compensations in the location
marker in the image, that is displayed and which are trans-
mitted in real time to the robotic arm. However, this solution
still has the disadvantage of being invasive. In addition, the
optical recognition of the marker risks to be masked by the
practitioner, which pass onto said calculation, generates dif-
ferences in movement of the robotic arm relative to the ana-
tomical movements thus captured.

[0027] Such a solution is described in part in US 2006/
142657, which relates to a system comprising a first robotic
arm and a second passive arm. Said first arm carries an instru-
ment, namely a surgical instrument, while the second arm is
made integral at its distal end with a marker anchored in the
bone of the targeted anatomical area. Thus, the movement of
the bone induces the movement of the marker that is captured
by the passive arm, and then passed onto the robotic arm.
[0028] However, without imaging, this solution is limited
to the operation of the bone itself and does not permit to
compensate for movements of other tissues. In short, the
mechanical anchoring in the bone permits to follow the move-
ments of the area.

[0029] A non-invasive solution is devised through WO
2007/002926, which describes a robotic system for irradiat-
ing tissues for treating cancer. In particular, a radiation emit-
ting source, “LINAC”, is carried by a first robotic arm. A
second arm serves only as a support for an ultrasonic probe
positioned at the level of anatomical area to be treated and
recording images of said area. These images are used for
calculating the internal movements of the anatomical area.
[0030] However, the position in space of the probe is deter-
mined by a separate and additional optical system, which still
causes the aforementioned problems.

[0031] This document also provides for using markers
placed at the level of the anatomical area, directly on the skin.
The detection of the movements of these markers permits to
determine the external movements of the anatomical area.
[0032] In addition, a treatment based on a mathematical
modeling is necessary to obtain the relative coordinates for
correcting the trajectory of the LINAC, relative to the actually
measured internal and external movements of the anatomical
area. This calculation takes a significant processing time,
making difficult its application in the context of an operation
onan anatomical area such as the rachis, and always generates
degrees of errors.

[0033] Another solution is described in DE 10 2008
022924. An imaging system carried by a robotic arm, referred
to as “C-arm”, is capable of performing a series of shots that,
upon processing, will permit to display the movement of the
targeted anatomical area.

[0034] However, the C-arm arm serves only as a support for
and for positioning said imaging system, depending on the
desired orientation of the shots to be taken. This arm is in no
way made to follow said anatomical area in accordance with
its movements. In brief, once it has been positioned, the arm
remains static or its position is changed, without taking into
consideration the movements of the target.

[0035] Furthermore, the monitoring of the movement of the
area is achieved by markers in the form of pellets, glued to the
outer portion of the anatomical area. Again, a separate optical
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or electromagnetic system permits to capture the movements
of said markers and to deduce from same the external move-
ments of said anatomical area. This deduction is performed
by a mathematical processing in order to guide another robot,
which carries an instrument, namely a surgical instrument.
[0036] Another related exemplary solution is mentioned in
US 2008/033410, which describes a single robotic arm and a
fixed support, initially set, without any movement being pos-
sible according to the movements being detected. Indeed, said
support comprises tubes connected at their ends by collet
fixtures, which keep them integral with respect to each other.
In order to adjust their relative positions, it is then necessary
to loosen said fixtures, change the orientation, then re-tighten
the fixtures.

[0037] Inaddition, once again, this system uses a display by
means of a not very accurate additional optical system.

SUMMARY OF THE INVENTION

[0038] The aim of the invention is to cope with the draw-
backs of the state of the art by providing a device for posi-
tioning a surgical instrument relative to the body of a patient
using at least a first robotic arm supporting at least one sur-
gical instrument and a second tracker arm, which is also a
robotic arm. This second robotic arm is aimed at detecting in
real time and accurately the movements of said body and to
communicate them to said first arm, so that it compensates its
position accordingly. In particular, said second arm permits to
detect the internal and external movements of the anatomic
area to be treated.

[0039] On the one hand, the detection of internal move-
ments is performed by suitable sensors, in particular by
means of an ultrasonic probe positioned into contact with the
skin of the patient, in front of the targeted anatomical area.
From the internal movements so captured in real time, it is
possible to pass the internal displacement to said first robotic
arm, in order to compensate its trajectory.

[0040] Inthis respect, it should be noted that the positioning
of the first robotic arm occurs in an initialization phase by
means of a realignment of an image of the area acquired
per-operatively with respect to a previously acquired imag-
ing. Therefore, it is possible to modify this realignment,
according to the internal movements detected by the sensors
carried by the second arm.

[0041] On the other hand, the second arm moves under the
action of movements of the anatomical area, since it is con-
nected thereto, preferably by contact. These external move-
ments of the area, induced to said second arm, can then be
passed to said first arm. In brief, the second arm moves, since
itis against the area and, since it is a robotic arm, it is possible
to automatically know these movements with an extreme
accuracy, in order to transmit them to said first arm.

[0042] Yet on the other hand, since said second arm is a
robotic arm, its position is perfectly known. Since it carries
the sensors, their position is, in turn, also known exactly.
Thus, it is possible to omit an additional, namely optical,
system for detecting the position of the sensors, which are
directly integral with the end of said second arm.

[0043] To this end, the device according to the invention
comprises:
[0044] afirst robotic arm provided at one end with means

for making it integral with at least one surgical instru-
ment, so as to hold, move, position and guide said sur-
gical instrument;
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[0045] means for anatomically realigning said first arm
relative to said body, said realignment being carried out
by realigning an image of an area of the anatomy of said
patient acquired per-operatively with respect to a previ-
ously acquired imaging;

[0046] sensors for detecting in real time the internal
movements of said anatomical area, and means for com-
pensating for the movements of said first arm according
to said detected movement;

[0047] wherein it comprises:

[0048] at least one second robotic arm provided at one
end with said sensors for detecting said internal move-
ments of the anatomical area, said detection sensors
being positioned at said contact with said anatomic area;

[0049] means for controlling the positioning of said first
arm, on the one hand, relative to said internal movements
detected and, on the other hand, relative to the external
movements induced to said second arm.

[0050] Thus, the invention implements a robotic solution
for assisting the guiding of surgical instruments, anatomical
realignments and planning of the operating procedures for
open, minimally invasive and percutaneous surgery, provid-
ing a measurement in real time of the movements of the area
targeted by the operation, namely a lumbar vertebra, and
compensating accurately said movements measured inter-
nally and externally, in order to position the robotic surgeon
arm accordingly, while correcting its robotic trajectories and
maintaining the accuracy of the guiding and the correct posi-
tioning of the instruments.

[0051] Furthermore, it should be noted that said second arm
can then consist of means for referencing the positions in
space of said detection sensors and that the means for con-
trolling the positioning of said arm comprise means for taking
into consideration the referencing of said positions.

[0052] In addition, said means for realigning can comprise
means for acquiring by ultrasonic percutaneous recording or
by marking the internal structure of said anatomical area by
fluoroscopy.

[0053] Advantageously, said device can comprise means
for measuring the forces of at least one of said arms during the
contact with said anatomical area.

[0054] Preferably, said detecting means can comprise ultra-
sonic sensors for detecting said movements in real time
through percutaneous measuring, namely by means of ultra-
SONIC SeNsors.

[0055] In particular, the detection means can comprise at
least one marker made integral with said anatomical area, in
order to measure its movements in the space.

[0056] Finally, said marker can be a marker emitting an
optical, ultrasound, electromagnetic, and/or mechanical sig-
nal, while the detection means can comprise the receiving of
said signal by said reciprocally optical, ultrasound, electro-
magnetic and/or mechanical sensor. Therefore, the measure-
ment of the movements is performed through the emitting of
said signal by said marker, then this signal is received by said
sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] Further features and advantages of the invention
will become clear from the following detailed description of
non-restrictive embodiments of the invention.

[0058] The single Figure is a schematic view, representing
the robotic device for an operation on a patient lying on an
operating table in prone position.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0059] The present invention relates to the positioning of a
robotic-assisted surgical tool relative to the body 1 of a patient
and the correcting of such a positioning relative to the move-
ments of said body 1.

[0060] The invention will be described by way of an
example with reference to an anatomical area of said body 1,
namely the rachis and more particularly the operation on a
lumbar vertebra.

[0061] Thus, the invention relates to a device 2 for imple-
menting in order to ensure an accurate positioning of at least
one surgical instrument relative to the body 1 of a patient, in
particular a determined anatomical area.

[0062] First of all, when implementing the device accord-
ing to the invention, at least one surgical instrument is made
integral with the end 30 of at least one first robotic arm 3, in
order to maintain, move, position and guide said surgical
instrument. Several arms can each support one or more instru-
ments.

[0063] In particular, said first robotic arm 3 comprises sev-
eral motorized and mutually articulated sections, so as to
move in space. Said first robotic arm 3 has a fixed end 31,
serving as a base and defining the three-dimensional location
marker within which it evolves. The opposite distal end 30 has
suitable means adapted for receiving removably fixed one or
several surgical instruments. This distal end 30 can also com-
prise means for receiving sensors or measuring devices.
[0064] Thus, the first robotic arm 3 replaces or guides the
practitioner’s hand and holds the surgical tools.

[0065] Advantageously, said first arm 3 is positioned
through anatomical realignment relative to said body 1. The
latter occurs through realigning an image of an area of the
anatomy of said patient per-operatively acquired relative to a
previously acquired imaging.

[0066] In this respect, several realignment techniques can
be used. They consist in collecting at the time of or during the
operation images of the anatomical area of the patient, in
order to accurately locate them in space and the marking of
the surgical instruments carried by the first arm 3. To this end,
the acquired images are compared and matched with previ-
ously acquired images, in pre-operative mode. Based onthese
pre-operative images, the positioning and the movement of
the first robotic arm 3 is configured in order to perform the
surgical procedures occurring during the operation.

[0067] It should be noted that the realignment can be per-
formed on two- or three-dimensional images, by means of
computer software.

[0068] An exemplary anatomical realignment methodol-
ogy is described in detail in FR 2 917 598 and permits to
capture within a three-dimensional space an anatomical sur-
face of an area of interest of a patient’s body. Subsequently,
the shape measured per-operatively by the robot will be
realigned on the image of a scanner previously taken pre-
operatively, namely by means of a scanner of the Magnetic
Resonance Imaging (“MRI”) type. The surface recording
operation is performed either by a mechanical probe carried
by the robotic arm, entering into contact with said anatomical
area, in order to record the positions of the probed points in
the three-dimensional location marker of the robot, or by a
contactless laser rangefinder carried by the robotic arm, and
which scans the area of interest, in order to record the posi-
tions of the reflected points in a three-dimensional location
marker of the robot.
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[0069] This point recording method is superficial in both
cases. In brief, it is applied to the outer surface of the patient’s
skin or of a previously prepared, namely dissected organ.
[0070] Starting from this methodology, it is possible to
adapt the robotic arm for carrying an ultrasonic probe at its
distal end. In brief, the acquisition per-operatively or in real
time is performed through ultrasonic percutaneous recording.
[0071] Itis then possible to perform paths into contact with
the patient’s skin and to acquire percutaneously a cloud of
points in the three-dimensional location marker of said
robotic arm, so as to obtain for example the outer shape of a
bone.

[0072] Inbrief, the ultrasound probe and its associated sys-
tem for processing the so acquired data are used in the way of
a rangefinder, in order to determine the position of the points
where the ultrasounds will be reflected, because of a clean
break of the composition of the biological components,
namely the difference in bone-muscle density inducing a high
reflection coefficient between both of them, while this ratio is
low for a combination of layers of skin, muscle, fat and water.
Itis thus possible to measure percutaneously the positionofa
bone surface through a layer of muscle and the skin.

[0073] Depending on the type of operation and the targeted
anatomical area, said probe can emit ultrasounds at frequen-
cies of about 5 to 8 MHz (Megahertz).

[0074] Subsequently, the three-dimensional shape mea-
sured per-operatively by the robotic arm will be realigned to
the form resulting from the three-dimensional image from the
scanner previous made pre-operatively Namely, segmenta-
tion tools will previously permit to isolate the anatomical
region of interest on the pre-operative image, namely a bone,
such as a vertebra in the present example. This thus provides
an initial realignment serving as a reference for tracking the
movements.

[0075] Inthis very case, said robotic arm will carry several
ultrasound transceivers placed into contact with the skin, in
front of remarkable surfaces of the vertebra, accessible from
a prone position of the patient (posterior approach). The dis-
criminant shapes of the blades, the spine and the transverse
apophyses of said vertebra are capable of providing enough
information to reconstruct in real time the three-dimensional
image of the vertebra. Then, by matching the three-dimen-
sional image or remarkable points, the images of the vertebra
acquired per-operatively are superposed with pre-operative
images, so as to locate it in the location marker of said robotic
arm.

[0076] Thus, such a realignment is non-invasive. In brief,
the system is capable of identifying the internal anatomical
structure, for example a lumbar vertebra, without previous
dissection.

[0077] Another realignment solution can use a two- or
three-dimensional fluoroscopy method. In brief, the per-op-
erative acquisition occurs by identifying the internal structure
of said anatomical area by fluoroscopy. However, the use of
ultrasounds has the advantage of omitting the harmful radia-
tion of fluoroscopy.

[0078] It should be noted that fluoroscopy can be used
complementarily to ultrasound, for example, in order to
obtain a reference anatomical realignment, or at given times
during the operation, thus limiting the radiation. These refer-
ence and complementary realignments will namely permit
the continuation of other anatomical realignments made, in
order to control them, but also to assist in bringing the various
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robotic arms together within the same three-dimensional
location marker, thanks to a tracking marker carried by one of
the robotic arms.

[0079] Therefore, the fluoroscopic-radiation emitting sys-
tem can be provided on the operating table, on which the
patient is placed for the operation, while the tracking marker
is carried by the robotic arm.

[0080] According to an essential feature of the present
invention, the movements of said anatomical area are then
captured and the displacements of said first arm are compen-
sated for based on the captured movements.

[0081] In brief, the invention provides for real-time mea-
surement of the amplitude, the direction of the movements of
the patient’s body, in particular of the anatomical area within
the location marker of said first robotic arm 3, in order to
change its trajectories accordingly, even to anticipate said
movements and to correct the paths in advance.

[0082] Advantageously, the invention consists in position-
ing sensors detecting said movements of the anatomical area
into contact with said anatomical area, said sensors being
integral with the end of at least one second arm 4. According
to the embodiment, such a second arm 4 can be motorized in
a robotic version, i.e. it is provided with several sections
motorized between them, like the first robotic arm 3.

[0083] In brief, the second robotic arm is motorized at the
level of its joints, so as to move and be positioned in space
according to the instructions previously transmitted to said
motorizations.

[0084] Conversely, the displacement in space of this second
arm 4 can be directly known. In brief, when the distal end of
the second arm 4, held into contact or made integral with the
anatomical area, moves, then this movement is passed to the
motorized joints of the various sections forming said second
arm 4. The movements of the joints thus permit to exactly
know the displacement of each section and the movement of
said second arm 4.

[0085] Inaddition, since the second arm 4 is in the same or
a different location marker, but the transposition of which is
known relative to the location marker of the first arm 3, the
invention provides to directly pass the movement of said
second arm 4 in order to change the displacements of'said first
arm 3.

[0086] In brief, the physical displacements of the second
arm 4 are transmitted and applied to the first arm 3 already in
motion.

[0087] Thus, the invention captures the internal movements
of the anatomical area and its external movements, which
induce the displacements of the second robotic arm 4. These
internal, external movements and the displacements of the
second arm 4 are applied in order to change the trajectory of
the first arms 3.

[0088] More particularly, the invention consists in detect-
ing said internal and external movements and the displace-
ments by means of said sensors and said second arm and in
controlling the position of said first arm 3.

[0089] Moreover, the control occurs through dedicated
means, formed at least in part by means for controlling the
displacements of said first arm 3. In addition, these control
means permit to receive the measurements of the internal and
external displacements of the anatomical area as well as of the
second robot arm 4, in order to combine these measurements
and to transcribe them, in order to apply the results to the path
of said first arm 3.



US 2014/0350571 Al

[0090] Thus, the invention involves one or more secondary
arms 4, in order to accurately measure the movements of the
patient’s body 1, in order to correct the positioning of said
first arm 3 and to maintain the guiding of the operation fore-
seen in the pre-operative planning. In brief, said second arm 4,
due to its accuracy, provides the first arm 3 with an accurate
and repeatable compensation for said movements.

[0091] To this end, said first 3 and second 4 arms operate
separately or independently: one 3 of them positions the
surgical instrument, while the other one 4 provides the infor-
mation for maintaining a proper positioning.

[0092] In the exemplary application to a vertebra, the sec-
ond arm 4 follows the movements of the latter and transmits
these changes to said first arm 3. As mentioned above, these
changes can be internal and external, without inducing any
displacement of said second arm 4, but also and especially
when these movements cause its displacement.

[0093] According to a specific feature, said first robotic arm
3 and the second robotic arm 4 can include one and the same
three-dimensional location marker in which they evolve. In
other words, said second robotic arm 4 is formed in a similar
way as the first arm 3 and has a base 40 located in one and the
same location marker as the base of said first robotic arm 3.
[0094] In another embodiment, said second arm 4 can
evolve within a different location marker, but defined relative
to the location marker of said first arm 3, permitting through
a calculation step, a transposition of the coordinates from one
to another. The second arm 4 thus permits to change its
location marker and the location marker for measuring the
internal and external movements during the operation, while
calculating its connection to the location marker of the first
arm 3.

[0095] In addition, according to a preferred embodiment,
the invention consists in measuring the forces of at least one
of'said arms 3, 4 during the contact with said anatomical area.
In particular, each of the first 3 and second 4 arm is provided
with atleast one force sensor at its respective distal end 30 and
41.

[0096] This measurement of the force permits to check and
configure the force applied to the surgical instruments, as well
as to the various sensors and measuring devices. In addition,
it permits to provide a cooperative mode in which the practi-
tioner can manipulate the end 30 of said first arm 3 so as to be
guided during the operation.

[0097] In the case of the second arm 4, the force sensor
permits to maintain a suitable pressure, ensuring a good con-
tact of the sensors with the anatomical area, namely the skin.
[0098] In this respect, according to a first embodiment, the
detection of the internal movements of the anatomical area
can occur through percutaneous measurement by means of
ultrasonic sensors. This technique is similar to the one previ-
ously evoked for the reference anatomical realignment.
[0099] In this very case and in the described exemplary
embodiment, said robotic arm, in particular the second arm 4,
will carry several ultrasonic transceivers placed into contact
with the skin, in front of remarkable surfaces of the vertebra,
accessible from a prone position of the patient (posterior
approach). The discriminant shapes of the blades, the spine
and the transverse apophyses of said vertebra are capable of
providing enough information to reconstruct in real time the
three-dimensional movement of the vertebra.

[0100] It is however possible to use local realignments of
the remarkable points with the images of the vertebra
acquired pre-operatively, in order to optimize the search for
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the exact position of the vertebra in motion. Then, by calcu-
lating the change in coordinates, the reference realignment is
updated, in order to use it in the working location marker of
the robotic arms 3, 4.

[0101] Furthermore, the ultrasonic transceivers are placed
into contact with the skin by the second robotic arm 4 in
known, permitting to follow the external positions move-
ments of the anatomical area. In brief, the coordinates in
space of the contact point or surface of the sensors is known,
since said sensors are carried by the second robotic arm 4.
[0102] Inthis context, said second arm 4 consists of means
for referencing the positions in space of said detection sensors
and the means for controlling the positioning of said arm 3
comprise means for taking into consideration the referencing
of said positions.

[0103] This solution still has the advantage of being non-
invasive. In addition, the system is capable of detecting the
movements of the internal structure, e.g. a lumbar vertebra,
without previous dissection.

[0104] According to another embodiment, the detection of
the internal movements occurs through measuring the dis-
placements in space of at least one marker made integral with
said anatomical area. In particular, in the example of a verte-
bra, said marker is screwed invasively into the spine or other
preferred bone areas, per-operatively.

[0105] Thus, the marker and the vertebra become integral
with one another. Moreover, the implantation position of said
marker relative to the vertebra can be accurately determined,
knowing that the position of the vertebra in the location
marker of the arms 3, 4 can already be known previously
through the reference anatomical realignment; this through
acquisition of images, namely by fluoroscopy or ultrasounds.
[0106] Once the reference position has been determined,
the position of the location marker in the reference arms 3, 4
is measured, then updated periodically or continuously.
[0107] In this respect, according to various embodiments,
the measurement of the displacements occurs through emis-
sion by said marker of an optical, ultrasound, electromag-
netic, and/or mechanical signal, then by receiving said signal
by said reciprocally optical, ultrasound, electromagnetic and/
or mechanical sensors.

[0108] More particularly, said marker can be connected
directly to said sensors in the form of a mechanical connec-
tion with the distal end 41 of the second arm 4. Therefore, in
the latter case, said mechanical connection can be designed
hinged, namely in the form of a geometric lattice. Such a
lattice has the advantage of increasing the amplitude of the
movements being measured, in order to obtain greater accu-
racy for correcting the position of the first robotic arm 3.
[0109] It should be noted that the corrections of this posi-
tion can be made relative to the origin of the axis of the
location marker of said first arm 3, relative to the initial
position, or relative to the current position of'its distal end 30.
[0110] Furthermore, said force sensor may be adjusted so
as to optimize the measurement of the movements perceived
by this mechanical connection.

[0111] Thus, the measure of the internal and external move-
ments recorded by the second arm 4 is provided to said first
arm 3, which uses it to correctly reposition the surgical instru-
ment it supports on the anatomical target, depending on the
previously planned trajectory. In addition, this measure per-
mits to correct in real time and to automatically update the
anatomical realignment being performed, even during the
displacement of the surgical instrument.
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[0112] According to an additional feature, the detected ana-
tomical movements can be anticipated, in particular by simu-
lations of periodic movements of the anatomical area. In the
example of the lumbar rachis, respiratory movements can be
known, namely their period and amplitude, in order to be
taken into consideration in changing the trajectory.

[0113] As mentioned above, the invention relates to a
robotic device 2 for positioning a surgical instrument relative
to the body 1 of a patient.

[0114] Suchadevice 2 is similarto a robotic platform 5 and
thus comprises a first robotic arm 3 provided at one end with
connecting means 30 making it integral with at least one
surgical instrument; means for anatomically realigning said
first arm 3 relative to said body 1, said realignment occurring
through realignment of an image of an area of the anatomy of
said patient acquired per-operatively relative to a previously
acquired imaging; means for detecting the internal move-
ments of said anatomical area and means for compensating in
real time for the displacements of said first arm 3 depending
on said movements being detected.

[0115] Advantageously, it is characterized in that it com-
prises at least one second robotic arm 4 provided at one end
with said sensors for detecting said internal movements of the
anatomical area; means for controlling the positioning of said
first arm 3, on the one hand, relative to said internal move-
ments being sensed and, on the other hand, relative to the
external movements induced to said second arm 4.

[0116] Thus, the present invention permits to ensure the
robotic accuracy during the positioning of a surgical instru-
ment at the level of an anatomical area, while adapting to the
movements of the body of the patient.

[0117] Moreover, theuse ofa second robotic arm permits to
obtain data regarding the external movements, without
involving additional or complementary systems for detecting
the position of the sensors.

1. Robotic device for positioning a surgical instrument

relative to a body of a patient, comprising:

a first robotic arm provided at one end with means for
making integral with at least one surgical instrument, so
as to hold, move, position and guide the surgical instru-
ment;

means for anatomically realigning said first robotic arm
relative to said body, wherein an image of an area of
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anatomy acquired per-operatively is realigned with
respect to a previously acquired imaging;

sensors for detecting internal movements of said area of

anatomy in real time; and

means for compensating for the movements of said first

robotic arm according to detected internal movement,

said means for compensating comprising:

at least one second robotic arm provided at one end with
said sensors for detecting said internal movements,
said sensors being positioned at contact with said area
of anatomy; and

means for controlling position of said first robotic arm
relative to said internal movements detected and rela-
tive to external movements induced to said second
arm.

2. Robotic device according to claim 1, wherein said sec-
ond robotic arm comprises: means for referencing positions
in space of said sensors, wherein detection means controlling
positioning of said first robotic arm comprise means for tak-
ing referencing of said positions into consideration.

3. Device according to claim 1, wherein said means for
anatomically realigning comprise means for acquiring
through ultrasonic percutaneous recording or through loca-
tion marking an internal anatomical structure of said area by
fluoroscopy.

4. Device according to claim 1, further comprising: means
for measuring forces of at least one of said first robotic arm
and said second robotic arm upon contact with said area of
anatomy.

5. Device according to claim 2, wherein said detection
means comprise ultrasonic sensors for detecting said move-
ments in real time through percutaneous measurement.

6. Device according to claim 2, wherein the detection
means comprise at least one marker made integral with said
area of anatomy, in order to measure displacements in space.

7. Device according to claim 6, wherein said marker is
comprised of a marker emitting an optical, ultrasonic, elec-
tromagnetic and/or mechanical signal, while the detection
means comprises a receiving of said signal by said recipro-
cally optical, ultrasonic, electromagnetic and/or mechanical
Sensor.



