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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of and priority
to U.S. Provisional Application No. 61/650,273, filed May
22, 2012.

BACKGROUND

[0002] The present application relates generally to a
surgical cutting instrument, system, and method of use
thereof for orthopedic joint arthroplasty, and more par-
ticularly to a surgical instrument, system, and method to
assist with soft tissue releases that may be beneficial in
joint arthroplasty applications for the hip, knee, and
shoulder.
[0003] Direct anterior total hip replacement is a surgical
approach for total hip replacement which is gaining in
popularity. This approach involves accessing the target
region at an intramuscular interval between the tensor
fascia lata muscle and sartorius, potentially allowing for
less soft tissue trauma and earlier patient recovery. A
specific challenge related to direct anterior total hip re-
placement is achieving adequate femoral exposure for
placement of the femoral prosthesis. In order to provide
appropriate femoral exposure, proper identification of the
soft tissue release locations is required, followed by re-
leases of the soft tissues around the proximal femur in a
certain sequence. These release locations and se-
quence may include releasing the medial hip capsule to-
ward the level of the lesser trochanter, releasing the lat-
eral hip capsule from the inner surface of the greater
trochanter, and possibly performing a selective release
of specific external rotator tendons from the posterior bor-
der of the femur. A challenge in the learning curve of
direct anterior total hip replacement is properly identifying
the release locations and mastering the degree and se-
quence of releases required. Failure to achieve adequate
exposure on the femur for the procedure can make the
procedure extremely challenging. Furthermore, visuali-
zation during direct anterior total hip replacement can be
quite onerous. It can be difficult to determine the location
of specific bony landmarks on the proximal femur, which
can certainly render the locations of appropriate releases
more difficult to determine.
[0004] There are other applications that utilize a me-
thodical soft tissue release procedure that may also re-
quire proper identification of the soft tissue release loca-
tions and a defined release order, such as in knee re-
placement and ligament balancing, and shoulder arthro-
plasty and rotator cuff repairs. For example, in a knee
procedure, various releases are required for correcting
certain varus and valgus deformities.
[0005] EP 1 571 581 A1 discloses a method and sys-
tem to assist in a selection and planning of a procedure
and assist in selecting a prosethetic for the procedure.
Generally, the system allows for image acquisition of a

selected area of the anatomy. A model may be formed
of the anatomy from the acquired images. The system
may also allow for navigational tracking of the procedure
to ensure that the procedure is substantially carried out
relative to the selected plan.
[0006] US 2003/153978 A1 discloses apparatus and
a method for determining the kinematics of a large joint
(e.g. a knee) undergoing arthroplasty, for comparing the
kinematics of the joint undergoing surgery with the kine-
matics of the normal joint, and for providing the surgeon
with information allowing the balancing of the ligaments
of the joint upon the installation of a prosthesis replace-
ment joint.
[0007] The apparatus includes optical targets mounted
on joint replacement components fitted to the resected
bones of the joint. One or more video cameras are used
to obtain a series of images of the various optical targets
as the extremity is flexed, extended and rotated. A com-
puter is response to the images of the targets to deter-
mine the kinematics of the joint as it is flexed, extended
and rotated.
[0008] The computer compares the kinematics of the
observed joint with the kinematics of a normal joint and
determined, based on anomalies of the observed joint
relative to the normal joint, whether other implant com-
ponents or spacers are required, and determines which
ligaments must be relaxed or contracted to so that the
ligaments are balanced.
[0009] The computer displays suggestions to the sur-
geon for changing components and for relaxing or con-
tracting specific ligaments such that the ligaments of the
joint is balanced with the prosthesis joint in place.
[0010] A method of computer ligament balancing is al-
so disclosed.

SUMMARY

[0011] According to various embodiments, a beneficial
surgical system, and method to provide optimal guidance
for identifying soft tissue release locations and perform-
ing the necessary tissue releases in hip, knee, and shoul-
der arthroplasty are provided.
[0012] The invention relates to a surgical apparatus
according to claim 1.
[0013] The invention is capable of other embodiments
and of being carried out in various ways. Alternative ex-
emplary embodiments relate to other features and com-
binations of features as may be generally recited in the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will become more fully under-
stood from the following detailed description, taken in
conjunction with the accompanying drawings, wherein
like reference numerals refer to like elements, in which:

FIG. 1 is a perspective view of a surgical system
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according to an exemplary embodiment.

FIG. 2 is a plan view of a cutting instrument according
to an exemplary embodiment.

FIG. 3 is a plan view of a cutting instrument according
to an exemplary embodiment.

FIG. 4 is a block diagram of a model surgical con-
troller according to an exemplary embodiment.

FIG. 5 is a perspective view of an anatomy tracker
according to an exemplary embodiment.

FIG. 6 is a flowchart of a process for identifying tissue
release locations on a virtual bone model image and
executing the tissue release, according to an exem-
plary embodiment.

FIG. 7 is a flowchart of a process for identifying tissue
release locations on a virtual bone model image and
executing the tissue release, according to an exem-
plary embodiment.

FIG. 8 is a flowchart of a process for identifying tissue
release locations on a virtual bone model image and
executing the tissue release, according to an exem-
plary embodiment.

FIG. 9 is a flowchart of a process for identifying tissue
release locations on a virtual bone model image and
executing the tissue release, according to an exem-
plary embodiment.

FIG. 10 is a plan view of a display screen according
to an exemplary embodiment showing the soft tissue
attachment points as shown on the display screen.

FIG. 11 is a plan view of a display screen according
to an exemplary embodiment showing the soft tissue
attachment points and proposed tissue release path-
ways as shown on the display screen.

FIG. 12 is a plan view of a display screen according
to an exemplary embodiment showing a virtual rep-
resentation of the cutting instrument performing a
soft tissue release as shown on the display screen.

FIG. 13 is a plan view of a display screen according
to an exemplary embodiment showing a virtual rep-
resentation of the cutting instrument performing a
soft tissue release as shown on the display screen.

DETAILED DESCRIPTION

[0015] Before turning to the figures, which illustrate the
exemplary embodiments in detail, it should be under-
stood that the application is not limited to the details or

methodology set forth in the description or illustrated in
the figures. It should also be understood that the termi-
nology is for the purpose of description only and should
not be regarded as limiting.
[0016] Referring to FIG. 1, according to an exemplary
embodiment, a soft tissue cutting instrument, shown as
cutting device 20 is used in connection with a surgical
system 10. As shown, the surgical system 10 includes
the cutting device 20, a computing system 30, and a
tracking system 40.
[0017] Referring to FIGS. 1-3, in an exemplary embod-
iment, the cutting device 20 is affixed with tracking ele-
ments 22 which reflect infrared light to be recognized by
the tracking system 40, which is explained in greater de-
tail below. The tracking elements 22 may be incorporated
into the cutting device 20, as shown in FIG. 2, or the
tracking elements 22 may be attached as an outrigger,
such as a modular attachment 28, to cutting device 20,
as shown in FIG. 3. The cutting tip 23 of the cutting device
20 may be a scalpel blade, but in a preferred embodiment
is an electrocautery device, ultrasonic cutting tool, or vi-
bratory cutting device which would provide hemostasis.
The cutting device 20 may further have an activation de-
vice, such as activation button 26, to be manipulated for
activation of the cutting device 20.
[0018] The computing system 30 includes hardware
and software for operation and control of the surgical
system 10. According to an exemplary embodiment, the
computing system 30 includes a surgical controller 31, a
display device 33, and an input device 35. Referring to
FIG. 4, in an exemplary embodiment, the surgical con-
troller 31 includes a processing circuit 32 having a proc-
essor 34 and memory 36. Processor 34 can be imple-
mented as a general purpose processor, an application
specific integrated circuit (ASIC), one or more field pro-
grammable gate arrays (FPGAs), a group of processing
components, or other suitable electronic processing
components. Memory 36 (e.g., memory, memory unit,
storage device, etc.) is one or more devices (e.g., RAM,
ROM, Flash-memory, hard disk storage, etc.) for storing
data and/or computer code for completing or facilitating
the various processes described in the present applica-
tion. Memory 36 may be or include volatile memory or
non-volatile memory. Memory 36 may include database
components, object code components, script compo-
nents, or any other type of information structure for sup-
porting the various activities described in the present ap-
plication. According to an exemplary embodiment, mem-
ory 36 is communicably connected to processor 34 and
includes computer code for executing one or more proc-
esses described herein. The memory 36 may contain a
variety of modules, each capable of storing data and/or
computer code related to specific types of functions. In
one embodiment, memory 36 contains several modules
related to surgical procedures, such as a planning mod-
ule 360, a navigation module 362, a registration module
364, and a robotic control module 366.
[0019] Referring still to FIG. 4, the surgical controller
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31 further includes a communication interface 38. The
communication interface 38 can be or include wired or
wireless interfaces (e.g., jacks, antennas, transmitters,
receivers, transceivers, wire terminals, etc.) for conduct-
ing data communications with external sources via a di-
rect connection or a network connection (e.g., an Internet
connection, a LAN, WAN, or WLAN connection, etc.).
[0020] According to an exemplary embodiment, prior
to a surgical procedure, pre-operative image data of any
form (e.g., two-dimensional images, a three-dimensional
model) 50 is transmitted to the surgical controller 31 via
the communication interface 38. The pre-operative im-
age data 50 can then be utilized during the development
of a surgical plan, which may include identifying the re-
lease locations for a direct anterior total hip replacement.
The identification of these release locations will be de-
scribed in greater detail below. To obtain the pre-opera-
tive image data 50, a patient may be scanned using any
known imaging technique, such as CT, MRI, or ultra-
sound. The scan data is then segmented (either by the
surgical controller 31 or by another processor) to obtain
a three-dimensional representation of a portion of the
patient’s anatomy, such as the patient’s hip. In another
embodiment, a three-dimensional representation may be
obtained by selecting a three-dimensional model from a
database or library of bone models. The selected bone
model(s) from the database can then be deformed based
on specific patient characteristics to obtain a three-di-
mensional representation of a portion of the patient’s
anatomy. For use in a direct anterior total hip replace-
ment, the bone models created by scanned image data
and/or the database may also be used to determine and
show the location of the soft tissue surrounding the target
bones, some of which may need to be released in order
to achieve proper exposure of the femur. The three-di-
mensional representations of the patient’s anatomy may
be displayed on the display device 33, such as a com-
puter screen or tablet device.
[0021] The planning module 360, located in memory
36 of the surgical controller 31, can store the instructions
necessary to process the incoming pre-operative image
data and to utilize the image data during surgical plan-
ning. Once the three-dimensional representation of a por-
tion of the patient’s anatomy has been created, a surgeon
can develop a surgical plan based on the three-dimen-
sional representation. The surgical plan may include the
desired soft tissue releases, the desired modifications to
bone (e.g., holes, cuts) to be created during the surgical
procedure, and may further include the desired place-
ment for any components to be implanted during the sur-
gical procedure.
[0022] Prior to utilizing the cutting device 20 during a
surgical procedure and implementing the surgical plan,
the patient’s actual anatomy is registered to the three-
dimensional representation of the patient’s anatomy.
Registration processes involve correlating the coordinate
system of the patient’s actual anatomy (in physical
space) to the coordinate system of the three-dimensional

representation of the patient’s anatomy (in virtual space).
One possible registration technique is point-based reg-
istration, as described in U.S. Pat. No. 8,010,180, titled
"Haptic Guidance System and Method," granted Aug. 30,
2011. Once registered to the virtual representation, the
pose of the patient’s anatomy can be tracked in real-time
during the surgical procedure, as described further be-
low. Tracking the patient’s anatomy, as well as the loca-
tion of cutting device 20, is used to ensure proper imple-
mentation of a surgical plan, including performing the
proper soft tissue releases as required in direct anterior
total hip replacement.
[0023] The registration process and the on-going
tracking may be carried out by the tracking system 40.
The tracking system 40 may be any tracking system that
enables the surgical system 10 to continually determine
(or track) a pose of the relevant anatomy of the patient
and a pose of the cutting device 20. For example, the
tracking system 40 may include a non-mechanical track-
ing system, a mechanical tracking system, or any com-
bination thereof suitable for use in a surgical environ-
ment. The non-mechanical tracking system may include
an optical (or visual), magnetic, radio, or acoustic tracking
system. Such systems typically include a detection de-
vice, such as detection device 44 shown in FIG. 1, adapt-
ed to locate in predefined coordinate space one or more
specially recognizable trackable elements or trackers,
such as tracking elements 22 on the cutting device 20.
As noted above with respect to tracking elements 22, the
trackable elements of a tracking system 40 may be con-
figured to be attached to the object to be tracked (such
as cutting device 20) or may be an inherent part of the
object to be tracked. The trackable element may include
an array of markers having a unique geometric arrange-
ment and a known geometric relationship to the tracked
object when the trackable element is attached to the
tracked object. Thus, the detection device can recognize
a particular tracked object, at least in part, from the ge-
ometry of the markers (if unique), an orientation of the
axis, and a location of the endpoint within a frame of
reference deduced from positions of the markers. The
markers may include any known marker, such as, for
example, extrinsic markers (or fiducials) and/or intrinsic
features of the tracked object. Extrinsic markers are ar-
tificial objects that are attached to the patient (e.g., mark-
ers affixed to skin, markers implanted in bone, stereo-
tactic frames, etc.) and are designed to be visible to and
accurately detectable by
the detection device. Intrinsic features are salient and
accurately locatable portions of the tracked object that
are sufficiently defined and identifiable to function as rec-
ognizable markers (e.g., landmarks, outlines of anatom-
ical structure, shapes, colors, or any other sufficiently
recognizable visual indicator). The markers may be lo-
cated using any suitable detection method, such as, for
example, optical, electromagnetic, radio, or acoustic
methods as are well known. For example, an optical
tracking system having a stationary stereo camera pair
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sensitive to infrared radiation may be used to track mark-
ers that emit infrared radiation either actively (such as a
light emitting diode or LED) or passively (such as a spher-
ical marker with a surface that reflects infrared radiation).
Similarly, a magnetic tracking system may include a sta-
tionary field generator that emits a spatially varying mag-
netic field sensed by small coils integrated into the
tracked object.
[0024] In one embodiment, as shown in FIG. 1, the
tracking system 40 includes a non-mechanical tracking
system. In this embodiment, the non-mechanical tracking
system is an optical tracking system that includes a de-
tection device 44 and at least one trackable element or
tracker (such as tracking element 22) configured to be
disposed on (or incorporated into) a tracked object (such
as cutting device 20) and detected by the detection de-
vice 44. As shown in FIG. 1, the detection device 44 may
include, for example, a stereo camera pair sensitive to
infrared radiation and positionable in an operating room
where the surgical procedure will be performed. The
tracking element 22 is configured to be affixed to the
tracked object, such as the cutting device 20, in a secure
and stable manner and includes an array of markers hav-
ing a known geometric relationship to the tracked object.
The markers may be active (e.g., light emitting diodes or
LEDs) or passive (e.g., reflective spheres, a checker-
board pattern, etc.) and preferably have a unique geom-
etry (e.g., a unique geometric arrangement of the mark-
ers) or, in the case of active, wired markers, a unique
firing pattern. In operation, the detection device 44 de-
tects positions of the markers, and the unique geometry
(or firing pattern) and known geometric relationship to
the tracked object enable the surgical system 10 to cal-
culate a pose of the tracked object based on the positions
of the markers.
[0025] Because the tracking system 40 relies on an
ability of the detection device 44 to optically "see" the
markers, the detection device 44 and the tracking ele-
ments 22 should be positioned so that a clear line of sight
between the detection device 44 and the tracking ele-
ments 22 is maintained during the surgical procedure.
As a safeguard, the surgical system 10 is preferably con-
figured to alert the user if the detection device 44 is unable
to detect the tracking elements 22 during the procedure
(e.g., when the line of sight between the detection device
44 and one or more of the markers is blocked and/or
when reflectivity of the markers is occluded). For exam-
ple, the surgical system 10 may include an audible
(and/or visual) alarm programmed to sound (and/or flash)
when a person steps between the markers and the de-
tection device 44, when an object is interposed between
the markers and the detection device 44, when a lens of
the camera is occluded (e.g., by dust), and/or when re-
flectivity of the markers is occluded (e.g., by blood, tissue,
dust, bone debris, etc.). The surgical system 10 may also
include programming to trigger other safety features,
such as, for example, an occlusion detection algorithm
with a power shutoff feature that disables the cutting de-

vice 20 when the detection device 44 loses sight of the
tracking elements 22.
[0026] The non-mechanical tracking system may in-
clude a trackable element (or tracker) for each object the
user desires to track.
[0027] As shown in FIG. 1, an anatomy tracker 43 is
disposed on a portion of a patient’s anatomy (such as a
bone) and is adapted to enable the anatomy to be tracked
by the detection device 44. The anatomy tracker 43 in-
cludes a fixation device for attachment to the anatomy.
The fixation device may be, for example, a bone pin, sur-
gical staple, screw, clamp, wearable device, intramedul-
lary rod, or the like. In one embodiment, shown in FIG.
1, an anatomy tracker 43 is configured for use during hip
replacement surgery to track a pelvis of a patient. In a
knee replacement application, the anatomy tracker may
include a first tracker adapted to be disposed on the femur
and a second tracker adapted to be disposed on the tibia.
As shown in FIG. 5, the tracker 43 includes a fixation
device including bone pins P and a unique array S1 of
markers (e.g., reflective spheres). The array S1 is affixed
to a connection mechanism 400 that is adapted to be
removably secured to both of the bone pins P. For ex-
ample, as shown in FIG. 5, the connection mechanism
400 may include a first portion 442, a second portion 444,
and screws 445. To install the tracker 43 on the bone,
the user screws the bone pins P into the bone, slides the
connection mechanism 400 over the bone pins P, and
tightens the screws 445 to draw the first and second por-
tions 442 and 444 together to thereby securely fix the
connection mechanism 400 to the bone pins P. Once
secured, the connection mechanism 400 imparts addi-
tional stability to the bone pins P. Additional trackers, as
needed, are identical to the tracker 43 except additional
trackers are installed on different points on the anatomy
or different bones, and each may have its own uniquely
configured array of markers. When installed on the pa-
tient, the tracker 43 or trackers enable the detection de-
vice 44 to track motion, for example, of the pelvis in hip
replacement surgery or the tibia and the femur in knee
replacement surgery. As a result, the surgical system 10
is able to compensate for bone motion in real-time during
surgery.

Identifying Release Locations

[0028] As mentioned above, the 3D model images cre-
ated from scanned patient images or a database of bone
models may be used to identify release locations, which
are the points at which the soft tissue must be released
in order to gain appropriate access to the femur for direct
anterior total hip replacement, or similarly, as necessary
for knee and shoulder applications. Several methods of
using scanned image data, from CT scan, MRI, or the
like, and combinations thereof, for building the three di-
mensional images which allow for identification of the
release locations are described herein. While each of
these methods are discussed in reference to the direct
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anterior total hip replacement, it should be appreciated
that these methods, or comparable methods, of identify-
ing soft tissue release may also be used in knee, shoulder
and other surgical applications.
[0029] Referring to FIG. 6, a first exemplary method is
directed towards segmentation from a CT scan. The
method includes acquiring a CT scan of the target area
(step 601) and performing bone and soft tissue segmen-
tation from the CT scan to generate a model image from
which the locations of the soft tissue and the release lo-
cations can be determined (step 602). The steps of this
method, including acquiring the scan and performing
segmentation occur during a pre-operative stage 61.
Once the three dimensional image is created, the intra-
operative stage 65 follows which includes insertion of the
bone pins P and anatomy trackers (step 603), making an
incision (step 604), registering the anatomy of the patient
(step 605), as discussed above, preparing the surgical
plan (step 606), performing an initial soft tissue release
(step 607), making a cut at the femur neck (step 608),
and performing the secondary soft tissue releases as
necessary to accommodate the arthroplasty procedure
(step 609), as discussed in greater detail below. This
exemplary method may further require the patient to be
injected with a contrast agent to facilitate visualization of
soft tissues on the CT scan.
[0030] As shown in FIG. 7, a second exemplary meth-
od is directed towards creating a patient-specific virtual
model based on a CT scan and a statistical model. The
method comprises a pre-processing stage 71 and a pre-
operative stage 73, followed by the intra-operative stage
65 as described above. The pre-processing stage 71 in-
volves generating MRI and CT datasets from a selected
group of patients (step 701). Both the CT scans and MRI
scans are segmented to develop a model (step 702).
Then the MRI and CT scan of each dataset is matched,
thereby creating an atlas of scans showing both the bone
and the soft tissue (step 703), and a statistical model is
created based on the variances found in the bone and
the soft tissue among the datasets (step 704). Then, in
a pre-operative stage 73, a patient’s CT scan may be
acquired (step 705) and the patient’s bone is compared
with the library of bones in the atlas (step 706). In an
alternative embodiment, not illustrated, the surgeon may
acquire points on the surface of a patient’s bone intra-
operatively by either touching the surface of the bone
with a tracked probe or capturing points on surface of the
bone with a non-contact probe (e.g. a tracked ultrasound
device, a tracked laser device, etc) to create a point cloud
representing the surface of the patients bone, which is
then compared with the library of bones in the atlas (step
706). Based upon the patient’s particular bone and the
statistical model (step 707), the virtual image of the pa-
tient’s bone and the soft tissue attachment points can be
created (step 708). The intra-operative stage 65, as de-
scribed above, follows.
[0031] As shown in FIG. 8, a third exemplary method
is directed towards creating a virtual image based on CT

scan showing bone alone. This method may require the
surgeon to have common knowledge of the soft tissue
surrounding the target bone, or may require application
of certain algorithms or models to the pre-operative im-
age data 50 to infer the location of soft tissue structures
based on the overall structure of the bone and/or certain
bony landmarks. In the pre-operative stage 81, a CT scan
is acquired (step 801) and segmentation of the bone is
performed to create a three dimensional representation
of the anatomy (step 802). Based on this representation
of the bone alone, the surgeon begins the intra-operative
stage 85, which is similar to intra-operative stage 65, but
that guidance provided to a surgeon for soft tissue re-
lease may be derived, either solely or primarily, from the
structure of bone (step 803) without imaging the soft tis-
sues.
[0032] A fourth exemplary method is directed towards
any of the above mentioned methods of FIGS. 6-8 but
that the patient data is based on an MRI rather than CT
scan taken during the pre-operative stage 61, 73, 81.
Once the data has been collected and the three dimen-
sional representation of the patient anatomy has been
created, the surgeon will begin the intra-operative stage
65.
[0033] As shown in FIG. 9, a fifth exemplary method
is directed towards matching of CT and MRI data. This
method includes a preoperative stage 90 that involves
acquiring both a CT scan and MRI (step 901), segmenting
the bone from the CT scan and the soft tissue from the
MRI (step 902), and matching the two to create a very
accurate three dimensional representation of the pa-
tient’s anatomy (step 903). The same intra-operative pro-
cedure 65 is followed utilizing this representation.
[0034] As mentioned previously, optimal locations for
release can be difficult to determine manually due to lim-
ited visibility of a patient’s internal anatomy commonly
encountered with direct anterior total hip replacement.
Accordingly, in one embodiment, an identification of the
soft tissue release locations is provided on the virtual
image on the display device 33. As shown in FIG. 10,
using a direct anterior total hip replacement as an exam-
ple, the soft tissue attachment locations can be shown
on the virtual image of the patient’s femur by way of dis-
tinct attachment points 91, 93, 95. In a preferred embod-
iment, each of the attachment points 91, 93, 95 may be
shown by way of unique indicia, such as each being dis-
played in a different color. For example, the area showing
the attachment point of the conjoint tendon 91 may shown
in a first color, the area showing the attachment point of
the piriformis tendon 93 may be shown in a different color,
and the area showing the attachment point of the obtu-
rator externus 95 may be shown in a third color. As shown
in FIG. 11, the proposed pathways of the soft tissue re-
lease may also be outlined on the three dimensional rep-
resentation of the patient’s anatomy and displayed on
the display device 33.
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Performing Soft Tissue Release

[0035] Once the patient’s specific anatomy has been
registered with the tracking system 40, the release loca-
tions have been identified by one or more of the methods
discussed above, and the release locations and release
pathways have been depicted on the virtual image, the
cutting device 20 can be applied to the area of the pa-
tient’s proximal femur. The surgeon receives "real-time"
visual feedback as to the location of the cutting device
20 by viewing the display device 33, such as the computer
monitor, and verifying the location of the cutting tip 23 in
relation to the 3D bone model, as shown in FIG. 12. The
cutting device 20 can then be activated in the locations
of optimal soft tissue release until optimal femoral expo-
sure is achieved. The surgeon would manually activate
the cutting device as with standard electrocautery (or
similar instruments), such as by way of activation button
26.
[0036] As shown on the FIGS. 11-13, the proposed
pathways for tissue release may be shown on the three
dimensional representation of the patient’s anatomy
shown on the display device 33. The immediately up-
coming tissue release pathway may be indicated to the
surgeon, such as by showing the pathway in a defined
color, emboldening the pathway, or showing the pathway
in a flashing or pulsing manner. Each of the pathways
may be shown in a different color to distinguish each of
the desired pathways. The embodiment shown displays
a common set of pathways for soft tissue release used
in direct anterior total hip replacement. For example, a
first release pathway 101b will release the medial capsule
to the level of the lesser trochanter LT and pathway 101a
will release lateral capsule from the inner greater tro-
chanter GT to the level of the piriformis. The surgeon
then assesses for adequate femoral mobililty. If addition-
al releases are necessary, the surgeon will move on to
the next tissue release. For example, release pathway
102 will release the conjoint tendon from its attachment
point 91. Again, femoral mobility is assessed and addi-
tional releases may be performed. Next, the surgeon may
release the piriformis tendon from its attachment point
93, following release pathway 103. If proper mobility and
femur broaching is still not achieved, the release pathway
104 may be followed to release the obturator externus
tendon from its attachment point 95. Releases can be
extended as needed until appropriated exposure is
achieved. Tissue release procedures for direct anterior
total hip replacement are known in the art and were, for
example, detailed and described in Rodriguez JA, Wal-
ters BL, Cooper HJ. Cadaveric Study: Introduction and
Overview. Poster presented at: American Academy of
Orthopaedic Surgeons Annual Meeting; 19-23 March
2013; Chicago, IL.
[0037] The soft tissue release may be further guided
by an indication of the progression of the releases, as
shown in FIG. 13. As the surgeon contacts bone with the
cutting device 20, the bone model may turn a different

color, or otherwise change in appearance, in the specific
location contacted. The surgeon therefore receives "real
time" feedback as to the progression of the release. The
solid black line in FIG. 13 represents the pathway where
the surgeon has activated the instrument on the bone
surface and the soft tissue has thereby been released.
In FIG. 13, the surgeon has released the lateral capsule
and conjoint tendon.
[0038] Similar visual indicators of soft tissue attach-
ment points and proposed release pathways can be
shown for knee and shoulder applications on a virtual
bone model of the patient’s knee or shoulder. For exam-
ple, in knee applications such as ligament balancing, a
visual representation of the patient specific bone anato-
my of the medial knee may be shown with mapped in-
sertion points of the key medial soft tissue structures and
proposed release pathways. Proposed soft tissue releas-
es and the order of release for knee procedures have
been described in publications such as Mullaji, A., Shar-
ma, A., Marawar, S., & Kanna, R., Quantification of Effect
of Sequential Posteromedial Release on Flexion and Ex-
tension Gaps. The Journal of Arthroplasty, 24(5),
795-805 and Koh, H.S. & In, Y., Semimembranosus Re-
lease as the Second Step of Soft Tissue Balancing in
Varus Total Knee Arthroplasty. The Journal of Arthro-
plasty, 28(2), 273-278.
[0039] In addition to the visual, real-time feedback
which the surgeon may use to guide the soft tissue re-
leases, the surgical controller 31 may also be configured
to cease operation, such as by cutting power to the cutting
device 20, when the tracking system 40 determines that
the cutting tip 23 of the cutting device 20 has moved
outside the parameters of the proposed tissue release
pathways. In one embodiment, the surgical controller 31
may be configured to cease operation, such as by cutting
power to the cutting device 20, when the tracking system
40 determines that the cutting tip 23 has moved outside
the parameters of the proposed tissue release pathways
by a predetermined distance (e.g. 2mm). In this way,
even if the surgeon is manually activating the cutting de-
vice 20, by way of activation button 26 for example, the
cutting instrument would still not function to cut tissue
when it is outside the area as determined during the re-
lease location identification processes. Similarly, this soft
tissue cutting guidance may include a system designed
with haptic feedback capabilities, such as the haptic sys-
tem and robotic arm as described in U.S. Patent No.
8,010,180. In this way, the cutting device 20 would be
attached to the robotic arm and its position determined
by the tracking elements 22 and/or the positioning func-
tionality of the robotic arm as described in the U.S. Patent
No. 8,010,180, and its movement could be controlled
within the specified soft tissue cutting pathways, based
upon the image data and the soft tissue release identifi-
cation methods as discussed above.
[0040] The construction and arrangement of the sys-
tems and methods as shown in the various exemplary
embodiments are illustrative only. Although only a few
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embodiments have been described in detail in this dis-
closure, many modifications are possible (e.g., variations
in sizes, dimensions, structures, shapes and proportions
of the various elements, values of parameters, mounting
arrangements, use of materials, colors, orientations,
etc.). For example, some elements shown as integrally
formed may be constructed from multiple parts or ele-
ments, the position of elements may be reversed or oth-
erwise varied and the nature or number of discrete ele-
ments or positions may be altered or varied. Accordingly,
all such modifications are intended to be included within
the scope of the present disclosure. The order or se-
quence of any process or method steps may be varied
or re-sequenced according to alternative embodiments.
[0041] The present application contemplates meth-
ods, systems and program products on any machine-
readable media for accomplishing various operations.
The embodiments of the present disclosure may be im-
plemented using existing computer processors, or by a
special purpose computer processor for an appropriate
system, incorporated for this or another purpose, or by
a hardwired system. Embodiments within the scope of
the present disclosure include program products com-
prising machine-readable media for carrying or having
machine-executable instructions or data structures
stored thereon. Such machine-readable media can be
any available media that can be accessed by a general
purpose or special purpose computer or other machine
with a processor. By way of example, such machine-
readable media can comprise RAM, ROM, EPROM,
EEPROM, CD-ROM or other optical disk storage, mag-
netic disk storage or other magnetic storage devices, or
any other medium which can be used to carry or store
desired program code in the form of machine-executable
instructions or data structures and which can be ac-
cessed by a general purpose or special purpose compu-
ter or other machine with a processor. When information
is transferred or provided over a network or another com-
munications connection (either hardwired, wireless, or a
combination of hardwired or wireless) to a machine, the
machine properly views the connection as a machine-
readable medium. Thus, any such connection is properly
termed a machine-readable medium. Combinations of
the above are also included within the scope of machine-
readable media. Machine-executable instructions in-
clude, for example, instructions and data which cause a
general purpose computer, special purpose computer,
or special purpose processing machines to perform a
certain function or group of functions.
[0042] Embodiments of the subject matter described
in this specification can be implemented in a computing
system that includes a back end component, e.g., as a
data server, or that includes a middleware component,
e.g., an application server, or that includes a front end
component, e.g., a client computer having a graphical
user interface or a Web browser through which a user
can interact with an embodiment of the subject matter
described in this specification, or any combination of one

or more such back end, middleware, or front end com-
ponents. The components of the system can be intercon-
nected by any form or medium of digital data communi-
cation, e.g., a communication network. Examples of com-
munication networks include a local area network ("LAN")
and a wide area network ("WAN"), an inter-network (e.g.,
the Internet), and peer-to-peer networks (e.g., ad hoc
peer-to-peer networks).
[0043] Although the figures may show or the descrip-
tion may provide a specific order of method steps, the
order of the steps may differ from what is depicted. Also
two or more steps may be performed concurrently or with
partial concurrence. Such variation will depend on vari-
ous factors, including software and hardware systems
chosen and on designer choice. All such variations are
within the scope of the disclosure. Likewise, software im-
plementations could be accomplished with standard pro-
gramming techniques with rule based logic and other log-
ic to accomplish the various connection steps, process-
ing steps, comparison steps and decision steps. It should
be understood that the present application is not limited
to the details or methodology set forth in the description
or illustrated in the figures. It should also be understood
that the terminology is for the purpose of description only
and should not be regarded as limiting.

Claims

1. A surgical system (10), comprising:

a surgical device (20) configured to be manipu-
lated by a user to perform a soft tissue cutting
procedure on a patient;
a display device;

a surgical controller (31) programmed to:

create a virtual object representing an
anatomy of the patient;
associate the virtual object with the
anatomy of the patient by registering
the patient’s anatomy to the virtual ob-
ject;
determine and display, on the display
device, the virtual object and a plurality
of soft tissue attachment points on the
virtual object, the plurality of soft tissue
attachment points being identified on
the virtual object by unique indicia,
which correspond to a plurality of soft
tissue attachment points on the anato-
my of the patient;
determine the location of the surgical
device in relation to the anatomy of the
patient; and
provide real-time visualization on the
virtual object of the location of the sur-

13 14 



EP 2 852 348 B1

9

5

10

15

20

25

30

35

40

45

50

55

gical device in relation to the anatomy
of the patient,

wherein the surgical controller is also pro-
grammed to display, on the display device,
a proposed soft tissue release pathway on
the virtual object.

2. The surgical system (10) of claim 1, wherein the vir-
tual object is created based upon data acquired dur-
ing a pre-operative scan, and by acquiring the loca-
tion of points on a surface of a bone of the patient to
create a point cloud that represents the patient’s
anatomy.

3. The surgical system (10) of claim 1, wherein the sur-
gical controller (31) is further programmed to deter-
mine and display, on the virtual object on the display
device, the tissue release pathways that have been
traversed by the surgical device (20).

4. The surgical system (10) of claim 1, further compris-
ing a tracking system (40) having a detection device
(44) for determining the location of a tracked object
and a trackable element on the tracked object de-
tectable by the detection device (44).

5. The surgical system of claim 4, wherein the trackable
element comprises a reflective sphere and is config-
ured to be attached to the surgical device (29) or to
an anatomy tracked (43) that is attached to the anat-
omy of the patient.

6. The surgical system of claim 1, wherein the surgical
device (20) comprises a cutting tip (23), the cutting
tip (23) comprising at least one of a scalpel blade,
an electrocautery device, an ultrasonic cutting tool,
or a vibratory cutting device adapted and configured
to provide hemostasis.

7. The surgical system of claim 1, wherein the surgical
controller (31) is further programmed to adjust the
virtual object in response to movement of the anat-
omy during the procedure by monitoring detected
movement of the anatomy and then adjusting the
virtual object in response to the detected movement.

8. The surgical system of claim 1, wherein the surgical
controller (31) is further programmed to cease oper-
ation of the surgical device (20) when the surgical
device is moved outside a predefined cutting region.

9. The surgical system of claim 1, wherein the surgical
device (20) includes a feedback mechanism config-
ured to supply feedback to the user manipulating the
surgical device (20) and the surgical controller (31)
is programmed to control the feedback mechanism
to provide haptic guidance to the user while the user

manipulates the surgical device (20) based on the
relationship between the anatomy of the patient and
the position of the surgical device (20).

10. The surgical system of claim 1, wherein displaying
the proposed soft tissue release pathway comprises
displaying an immediately upcoming tissue release
pathway.

11. The surgical system of claim 1, wherein each of the
plurality of soft tissue attachment points are dis-
played using unique indicia.

Patentansprüche

1. Chirurgisches System (10), umfassend:

eine chirurgische Vorrichtung (20), die dafür
konfiguriert ist, von einem Benutzer manipuliert
zu werden, um einen Weichgewebeschneide-
vorgang an einem Patienten durchzuführen;
eine Anzeigevorrichtung;
eine chirurgische Steuervorrichtung (31), die für
Folgendes programmiert ist:

Erstellen eines virtuellen Objekts, das eine
Anatomie des Patienten darstellt;
Verknüpfen des virtuellen Objekts mit der
Anatomie des Patienten durch Registrieren
der Anatomie des Patienten in dem virtuel-
len Objekt;
Bestimmen und Anzeigen des virtuellen
Objekts und mehrerer Weichteilbefesti-
gungspunkte am virtuellen Objekt auf der
Anzeigevorrichtung, wobei die mehreren
Weichteilbefestigungspunkte am virtuellen
Objekt durch eindeutige Zeichen identifi-
ziert sind, die mehreren Weichteilbefesti-
gungspunkte an der Anatomie des Patien-
ten entsprechen;
Bestimmen der Position der chirurgischen
Vorrichtung in Bezug auf die Anatomie des
Patienten; und
Echtzeitvisualisieren der Position der chir-
urgischen Vorrichtung in Bezug auf die Ana-
tomie des Patienten auf dem virtuellen Ob-
jekt, wobei die chirurgische Steuervorrich-
tung auch programmiert ist, um auf der An-
zeigevorrichtung einen vorgeschlagenen
Weichgewebefreisetzungsweg auf dem vir-
tuellen Objekt anzuzeigen.

2. Chirurgisches System (10) nach Anspruch 1, wobei
das virtuelle Objekt, auf der Grundlage der Daten,
die während eines präoperativen Scans erfasst wur-
den, und durch Erfassen der Position von Punkten
auf einer Oberfläche eines Knochens des Patienten,
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um eine Punktwolke zu erstellen, welche die Anato-
mie des Patienten darstellt, erstellt wird.

3. Chirurgisches System (10) nach Anspruch 1, wobei
die chirurgische Steuervorrichtung (31) ferner pro-
grammiert ist, um am virtuellen Objekt auf der An-
zeigevorrichtung die Gewebefreisetzungswege, die
von der chirurgischen Vorrichtung (20) durchlaufen
wurden, zu bestimmen und anzuzeigen.

4. Chirurgisches System (10) nach Anspruch 1, ferner
umfassend ein Verfolgungssystem (40) mit einer Er-
fassungsvorrichtung (44), um die Position eines ver-
folgten Objekts zu bestimmen, und ein verfolgbares
Element am verfolgten Objekt, das durch die Erfas-
sungsvorrichtung (44) erfassbar ist.

5. Chirurgisches System nach Anspruch 4, wobei das
verfolgbare Element eine reflektierende Kugel um-
fasst und dafür konfiguriert ist, an der chirurgischen
Vorrichtung (29) oder an einer verfolgten Anatomie
(43), die an der Anatomie des Patienten befestigt ist,
befestigt zu werden.

6. Chirurgisches System nach Anspruch 1, wobei die
chirurgische Vorrichtung (20) eine Schneidspitze
(23) umfast, wobei die Schneidspitze (23) mindes-
tens eine Skalpellklinge, eine Elektrokauterisie-
rungs-Vorrichtung, ein Ultraschallschneidwerkzeug
oder eine Vibrations-Schneidvorrichtung umfasst,
welche angepasst und konfiguriert sind, um Hämo-
stase bereitzustellen.

7. Chirurgisches System nach Anspruch 1, wobei die
chirurgische Steuervorrichtung (31) ferner program-
miert ist, um das virtuelle Objekt als Reaktion auf die
Bewegung der Anatomie während des Verfahrens
einzustellen, indem die erfasste Bewegung der Ana-
tomie überwacht wird, und das virtuelle Objekt als
Reaktion auf die erfasste Bewegung einzustellen.

8. Chirurgisches System nach Anspruch 1, wobei die
chirurgische Steuervorrichtung (31) ferner program-
miert ist, um den Betrieb der chirurgischen Vorrich-
tung (20) einzustellen, wenn die chirurgische Vor-
richtung außerhalb eines vordefinierten Schneide-
bereichs bewegt wird.

9. Chirurgisches System nach Anspruch 1, wobei die
chirurgische Vorrichtung (20) einen Rückmeldeme-
chanismus umfasst, der dafür konfiguriert ist, dem
Benutzer, der die chirurgische Vorrichtung (20) be-
dient, eine Rückmeldung zu liefern; und wobei die
chirurgische Steuervorrichtung (31) programmiert
ist, um den Rückmeldemechanismus zu steuern, um
dem Benutzer eine haptische Führung bereitzustel-
len, während der Benutzer die chirurgische Vorrich-
tung (20) auf der Grundlage der Beziehung zwischen

der Anatomie des Patienten und der Position der chi-
rurgischen Vorrichtung (20) manipuliert.

10. Chirurgisches System nach Anspruch 1, wobei das
Anzeigen des vorgeschlagenen Weichgewebe-Frei-
setzungswegs das Anzeigen eines unmittelbar be-
vorstehenden Gewebefreisetzungswegs umfasst.

11. Chirurgisches System nach Anspruch 1, wobei jeder
der mehreren Weichteilbefestigungspunkte unter
Verwendung eindeutiger Zeichen angezeigt wird.

Revendications

1. Système chirurgical (10), comprenant :

un dispositif chirurgical (20) configuré pour être
manipulé par un utilisateur afin de réaliser une
procédure de coupe de tissus mous sur un
patient ;
un dispositif d’affichage ;
un dispositif de commande chirurgical (31) pro-
grammé pour :

créer un objet virtuel représentant une ana-
tomie du patient ;
associer l’objet virtuel à l’anatomie du pa-
tient en enregistrant l’anatomie du patient
sur l’objet virtuel ;
déterminer et afficher, sur le dispositif d’af-
fichage, l’objet virtuel et une pluralité de
points de fixation des tissus mous sur l’objet
virtuel ; la pluralité de points de fixation des
tissus mous étant identifiés sur l’objet virtuel
par des repères uniques, qui correspondent
à une pluralité de points de fixation des tis-
sus mous sur l’anatomie du patient ;
déterminer l’emplacement du dispositif chi-
rurgical par rapport à l’anatomie du patient ;
et
fournir une visualisation en temps réel, sur
l’objet virtuel, de l’emplacement du disposi-
tif chirurgical par rapport à l’anatomie du pa-
tient, le dispositif de commande chirurgical
étant également programmé pour afficher,
sur le dispositif d’affichage, une voie de li-
bération des tissus mous proposée sur l’ob-
jet virtuel.

2. Système chirurgical (10) selon la revendication 1,
dans lequel l’objet virtuel est créé sur la base des
données acquises au cours d’un balayage préopé-
ratoire et par l’acquisition de l’emplacement des
points sur une surface d’un os du patient pour créer
un nuage de points qui représente l’anatomie du pa-
tient.
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3. Système chirurgical (10) selon la revendication 1,
dans lequel le dispositif de commande chirurgical
(31) est en outre programmé pour déterminer et af-
ficher, sur l’objet virtuel présent sur le dispositif d’af-
fichage, les voies de libération des tissus qui ont été
traversées par le dispositif chirurgical (20).

4. Système chirurgical (10) selon la revendication 1,
comprenant en outre un système de suivi (40) com-
portant un dispositif de détection (44) destiné à dé-
terminer l’emplacement d’un objet suivi et d’un élé-
ment pouvant être suivi sur l’objet suivi pouvant être
détecté par le dispositif de détection (44).

5. Système selon la revendication 4, dans lequel l’élé-
ment pouvant être suivi comprend une sphère réflé-
chissante et est configuré pour être fixé au dispositif
chirurgical (29) ou à une anatomie suivie (43) qui est
fixée à l’anatomie du patient.

6. Système selon la revendication 1, dans lequel le dis-
positif chirurgical (20) comprend une pointe de cou-
pe (23), la pointe de coupe (23) comprenant au
moins une lame de scalpel, un dispositif d’électro-
cautérisation, un outil de coupe ultrasonique ou un
dispositif de coupe vibratoire adapté et configuré
pour fournir une hémostase.

7. Système selon la revendication 1, dans lequel le dis-
positif de commande chirurgical (31) est également
programmé pour régler l’objet virtuel en réaction au
mouvement de l’anatomie pendant la procédure en
surveillant le mouvement détecté de l’anatomie, puis
en réglant l’objet virtuel en réaction au mouvement
détecté.

8. Système selon la revendication 1, dans lequel le dis-
positif de commande chirurgical (31) est également
programmé pour cesser l’utilisation du dispositif chi-
rurgical (20) lorsque celui-ci est déplacé à l’extérieur
d’une région de coupe prédéfinie.

9. Système selon la revendication 1, dans lequel le dis-
positif chirurgical (20) comprend un mécanisme de
rétroaction configuré pour fournir une rétroaction à
l’utilisateur (20) et le dispositif de commande chirur-
gical (31) est programmé pour commander le méca-
nisme de rétroaction afin de fournir un guidage hap-
tique à l’utilisateur pendant que celui-ci manipule le
dispositif chirurgical (20) sur la base de la relation
entre l’anatomie du patient et la position du dispositif
chirurgical (20).

10. Système selon la revendication 1, dans lequel l’affi-
chage de la voie de libération des tissus mous pro-
posée comprend l’affichage d’une voie de libération
des tissus immédiatement imminente.

11. Système selon la revendication 1, dans lequel cha-
que point de la pluralité de points de fixation des
tissus mous est affiché à l’aide de repères uniques.
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