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SYSTEMAND METHOD FOR SURGICAL 
PLANNING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This is a non-provisional patent application claim 
ing priority under 35 U.S.C. 119(e) to U.S. Provisional Patent 
Application Serial No. 61/503,606, filed on Jun. 30, 2011 and 
U.S. Provisional Patent Application Serial No. 61/442,503, 
filed on Feb. 14, 2011. 

TECHNICAL FIELD 

0002 The present disclosure relates generally to com 
puter-assisted Surgical procedures, and more particularly, to 
systems and methods for planning an orientation of a pros 
thetic device. 

BACKGROUND 

0003 Computer-assisted surgery (CAS) systems may be 
used for various Surgical applications including hip replace 
ment Surgery. For instance, a CAS system may be used in 
determining the appropriate version and inclination angle of 
a prosthetic acetabular cup to be implanted into a patient 
during a Surgical procedure on a hip joint. Version and incli 
nation of an acetabular cup can be calculated relative to Vari 
ous anatomic planes and axes. Evidence Suggests that it may 
be advantageous to calculate version and inclination relative 
to a coronal radiographic plane. Existing CAS methods for 
calculating version and inclination relative to a coronal radio 
graphic plane often involve intraopertative identification of 
landmarks on the pelvis which increase patient post-Surgical 
discomfort and/or increase the time required to perform the 
Surgical procedure 
0004. Accordingly, there is a need for a simplified system 
and method to plan and perform a Surgical procedure to 
implant an acetabular cup according to a defined version and 
inclination relative to a coronal radiographic plane. More 
over, there is a need to enable more accurate calculations of 
version and inclination with minimal intraoperative manipu 
lations to the patient. Furthermore, there is a need to reduce 
the overall time that is spent on anesthetizing and performing 
Surgical procedures on the patient. 

SUMMARY OF THE DISCLOSURE 

0005. In one aspect of the present disclosure, a method of 
planning and performing a Surgical procedure is provided. 
The method may determine a coronal radiographic plane of a 
patient based on a medical image of the patient's pelvis, 
identify two landmarks within the medical image, and deter 
mine a version and inclination of a virtual model of an 
acetabular cup based on a relationship between the virtual 
model of the acetabular cup, the coronal radiographic plane, 
and the two landmarks. 

0006. In another aspect of the disclosure, a method of 
planning and performing a Surgical procedure is provided. 
The method may receive a medical image of a patient's pelvis, 
determine a coronal radiographic plane of the patient based 
on the medical image, identify two landmarks within the 
medical image, determine a longitudinal axis based on the 
two landmarks and the coronal radiographic plane, and deter 
mine a version and an inclination of a virtual model of an 
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acetabular cup based on a relationship between the virtual 
model of the acetabular cup, the coronal radiographic plane, 
and the longitudinal axis. 
0007. In yet another aspect of the disclosure, a system for 
planning and performing a Surgical procedure is provided. 
The system may include an input device, an output device, 
and a controller in communication with each of the input 
device and output device. The controller may be configured to 
access a medical image of a patient's pelvis, determine a 
coronal radiographic plane of the patient based on the medi 
cal image, identify two landmarks within the medical image, 
and determine a version and inclination of a virtual model of 
an acetabular cup based on a relationship between the virtual 
model of the acetabular cup, the coronal radiographic plane, 
and the two landmarks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a graphical view of a pelvis; 
0009 FIG. 2 is a schematic view of an exemplary com 
puter-assisted system for determining pelvic tilt; 
0010 FIG. 3 is a diagrammatic view of an exemplary 
method for determining pelvic tilt; 
0011 FIG. 4 is a graphical view of an exemplary medical 
imaging device; 
0012 FIG. 5 is a diagrammatic view of a preoperative 
orientation of an acetabulum; and 
0013 FIG. 6 is a diagrammatic view of a planned pose of 
an acetabular cup. 

DETAILED DESCRIPTION 

0014 Reference will now be made in detail to specific 
embodiments or features, examples of which are illustrated in 
the accompanying drawings. Generally, corresponding refer 
ence numbers will be used throughout the drawings to refer to 
the same or corresponding parts. Although the following dis 
closure may make certain references to orthopedic proce 
dures involving hip joints, it should be understood that the 
subject matter described herein may be applicable to other 
joints in the body, such as, for example, shoulders, elbows, 
wrists, spines, knees, ankles, and the like. 
0015 Referring to FIG. 2, one exemplary embodiment of 
a computer-assisted surgical (CAS) system 100 which may be 
used to plana Surgical procedure is provided. As shown, the 
CAS system 100 may be in director indirect communication 
with one or more medical imaging devices 102 and config 
ured to receive one or more medical images of a patient's 
anatomy that have been captured by the medical imaging 
devices 102. More specifically, the CAS system 100 may be 
configured to receive medical images from a medical imaging 
device 102 over wired and/or wireless connections, over a 
network, Such as a local area network (LAN), a wide area 
network (WAN), and the like. The CAS system 100 may also 
be configured to retrieve medical images that have been cap 
tured by a medical imaging device 102 and stored within a 
database that is either locally or remotely stationed relative to 
the CAS system 100. The medical imaging devices 102 may 
include any one or more of a computed tomography (CT) 
device, a magnetic resonance imaging (MRI) device, an 
X-ray device, a fluoroscopic imaging device, an ultrasound 
device, any other device commonly used for medical imag 
ing. The medical image may include a three-dimensional 
image output from a medical imaging device 102 or a three 
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dimensional model based on an image or series of images 
output from a medical imaging device 102. 
0016 Still referring to FIG. 2, the CAS system 100 may 
generally include an input device 105, an output device 106, 
a memory 108 and a controller 110. The input device 105 may 
include any one or more of a keyboard, a mouse, a trackball, 
a touch screen, a touchpad, a microphone, a dial, a Switch, a 
button, a camera, and any other device Suited to receive infor 
mation from a user, Such as a Surgeon, or the like. The output 
device 106 may include any one or more of a liquid crystal 
display (LCD), a cathode ray tube (CRT) display, a plasma 
screen, a touch screen, and any other device Suited to output 
information to the user. For example, using the input device 
105, the user may be able to manipulate orientations and/or 
views of medical images as well as input parameters that may 
be required by the CAS system 100. Additionally, using the 
output device 106, the user may be able to access or view the 
results of the manipulations as well as any calculations that 
are performed by the CAS system 100. Furthermore, the 
memory 108 of the CAS system 100 may be used to locally 
and at least temporarily store one or more medical images as 
well as any other data that may be relevant to a particular 
patient and required by the controller 110. The memory 108 
may also be configured to store one or more algorithms or 
software by which the controller 110 may be operated. In 
turn, the controller 110 may be configured to electrically 
communicate with each of the input device 105, output device 
106 and the memory 108 and execute tasks according to the 
algorithms provided. 
0017 Turning to FIG. 3, one exemplary algorithm or 
method 200 by which the controller 110 may operate to plan 
the version and inclination of a prosthetic acetabular cup 22 is 
provided. Initially, in step 201, the controller 110 of the CAS 
system 100 may be configured to receive one or more medical 
images provided by, for instance, a medical imaging device 
102. More specifically, the controller 110 may be configured 
to access or receive, for instance, a medical image of a 
patient's pelvis 10, captured while the patient is in the Supine 
position. 
0018. In step 202, the controller 110 may be configured to 
define a coronal radiographic plane 18 based on a plane 
associated with the medical image. As illustrated in FIG. 4. 
the medical imaging device 102 may be associated with a 
device coordinate system 101, and the medical image pro 
duced by the medical imaging device 102 may include infor 
mation relating the image of the anatomy to the device coor 
dinate system 101. In certain embodiments, the device 
coordinate system 101 may relate directly to the coordinate 
system of the medical image. In the embodiment illustrated in 
FIG. 4, the x-y plane of the device coordinate system 101 is 
substantially parallel to a surface plane 103, which is defined 
by the surface of a table 104, or other patient supporting 
structure, on which a patient lies in a Supine position while the 
medical imaging device 102 captures the medical image of a 
portion of the patient's anatomy. More particularly, the X-axis 
may run substantially along the width of the table 104 and 
may be similar in orientation to a mediolateral axis 16 of the 
patient, and the y-axis may run Substantially along the length 
of the table 104 and may be similar in orientation to a longi 
tudinal axis 17 of the patient. Thus, according to the embodi 
ment illustrated in FIG. 4, the controller 110 may be able to 
identify the surface plane 103 as the x-y plane of the medical 
image, which relates directly to the x-y plane of the device 
coordinate system 101. In another embodiment, known infor 
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mation regarding the physical structure of the medical imag 
ing device 102, as it relates to the structure and content of the 
data in the medical image, may be used to transform a plane 
represented in the medical image that is not substantially 
parallel to the surface of the table 104 into a plane that is 
substantially parallel to the surface of the table 104. In yet 
another embodiment, the medical images provided to the 
controller 110 may include information from which the con 
troller 110 can determine the surface plane 103 or other plane 
substantially parallel with the surface of the table 104, or 
other patient Supporting structure, on which a patient lies in a 
Supine position while the medical imaging device 102 cap 
tures the medical image of a portion of the patient's anatomy. 
Such information could include, for example, image data that 
is captured in the medical image and is representative of the 
surface of the table 104. In yet another embodiment, the 
controller 110 may be configured to manually receive infor 
mation pertaining to the Surface plane 103 from a user 
through the input device 105, such as, for example, a user 
manually selecting multiple points representing the Surface of 
the table 104 in the medical image. The controller 110 may 
then designate the surface plane 103, or a plane parallel 
thereto, as the coronal radiographic plane 18. Thus, in at least 
one embodiment, the coronal radiographic plane 18 is defined 
as the x-y plane of the device coordinate system 101. 
(0019. In step 203, the controller 110 may be configured to 
identify a plurality of landmarks within the medical image of 
the pelvis 10. For instance, the controller 110 may be config 
ured to identify two anterior-Superior iliac spines 12 of the 
pelvis 10, as shown in FIG. 1. The controller 110 may be 
configured to receive information pertaining to the respective 
locations of the anterior-Superior iliac spines 12 from a user. 
For example, a user viewing the medical images of the pelvis 
10 at the output device 106 may visually locate and manually 
input the locations of one or both of the anterior-superior iliac 
spines 12 into the controller 110 via the input device 105. In 
another embodiment, the controller 110 may be configured to 
automatically detect and extract information pertaining to the 
locations of the anterior-superior iliac spines 12 of the pelvis 
10 using image detection and/or other related Schemes on the 
medical images. While the embodiments described herein 
discuss the use of the two iliac spines 12 of the pelvis 10, 
various pairs of landmarks within the patient's anatomy that 
are generally known to be substantially symmetrical about a 
median plane of the patient's anatomy may be alternatively 
used, such as the two ischial spines of the pelvis 10. 
(0020. In step 204 of the algorithm 200 of FIG. 3, the 
controller 110 may be configured to determine a mediolateral 
axis 16 of the pelvis 10 based on the positions within the 
medical image of the landmarks determined in step 203. More 
specifically, the controller 110 may generate a line that inter 
sects each of the landmarks, such as the two anterior-Superior 
iliac spines 12, and designate the resulting line as the 
mediolateral axis 16, as illustrated in FIG.1. In one embodi 
ment, the mediolateral axis 16 may be manually identified to 
the controller 110 by the user. For example, while viewing the 
medical images of the pelvis at the output device 106, the user 
may manually identify the line that intersects each of the 
anterior-superior iliac spines 12 using the input device 105. 
Once identified, the controller 110 may designate the line as 
the mediolateral axis 16. In an alternative embodiment, the 
controller 110 may be configured to automatically detect the 
mediolateral axis 16 by calculating the line of intersection 
between each of the identified landmarks of the pelvis 10. In 
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still further alternatives, the controller 110 may be configured 
to determine at least one vector based on the anterior-Superior 
iliac spines 12 determined in step 203. For instance, once the 
anterior-superior iliac spines 12 of the pelvis 10 have been 
identified, the controller 110 may form a three-dimensional 
vector extending between or intersecting both of the anterior 
superior iliac spines 12 to form the mediolateral axis 16. 
0021. Once the mediolateral axis 16 has been determined, 
the controller 110 in step 205 may be configured to determine 
a longitudinal axis 17 relative to the medical image of the 
pelvis 10, as illustrated in FIG. 1. The controller 110 may 
determine the longitudinal axis 17 as a line that is substan 
tially transverse to the mediolateral axis 16 and substantially 
parallel with, or contained in, the coronal radiographic plane 
18. The longitudinal axis 17 may also be constrained to inter 
sect with the mediolateral axis 16 at a midpoint between the 
two landmarks, for example the two iliac spines 12. In another 
embodiment, step 205 may include applying a correction to 
the radiographic coronal plane 18 based on the determined 
mediolateral axis 16. In particular, with reference to the 
embodiment in which the coronal radiographic plane is 
defined as the x-y plane of the device coordinate system 101, 
as discussed in association with FIG. 4, a unit vector having 
the orientation of the X-axis in the device coordinate system 
101 may be crossed with a unit vector having the same ori 
entation as the mediolateral axis 16 to produce a rotation 
vector. In this embodiment, the radiographic coronal plane 18 
may be rotated about the rotation vector until the x-axis of the 
coronal radiographic plane is parallel to, or collinear with, the 
mediolateral axis 16. 

0022. In step 206, the controller 110 may be configured to 
determine a preoperative acetabular version (C). The con 
troller 110 may determine a patient's acetabular axis 21 based 
on the patient’s acetabulum 20, as illustrated in FIG. 1, 
according to various methods that are known in the art. The 
patient's preoperative version (C) may then be determined 
as the angle between the acetabular axis 21 and the coronal 
radiographic plane 18, as illustrated in FIG. 5. 
0023. In step 207 the controller 110 may be configured to 
determine a preoperative acetabular inclination (0). The 
preoperative acetabular inclination (0) may be determined 
as the angle between the longitudinal axis 17 and the projec 
tion of acetabular axis 21 onto the coronal radiographic plane 
18, as illustrated in FIG.5. 
0024. With reference to FIG. 6, in step 208 the controller 
110 may be configured to plan apose to implant the acetabu 
lar cup 22 into a patient's pelvis 10. As used herein, “pose' 
means position and orientation. The acetabular cup 22 may 
have an acetabular cup axis 23 associated with it. The 
acetabular cup axis 23 may be pass through the center of the 
acetabular cup 23, and may be substantially normal to the 
center of the acetabular cup 23 and/or the rim of the acetabular 
cup 23. The acetabular cup axis 23 may also be determined 
based on other methods that may be known in the art. In this 
step a user may position a virtual model of the acetabular cup 
22 relative to the medical image of the patient's pelvis 10 by 
way of the input device 105. Based on the orientation of the 
virtual model of the acetabular cup 22, the controller 110 may 
then determine a planned version (C) and inclination 
(0) for the acetabular cup 22, and the planned version 
(C) and inclination (0,i) may be provided to a user by 
way of the output device 106. As illustrated in FIG. 6, the 
planned version (C) may be determined as the angle 
between acetabular cup axis 23 and coronal radiographic plan 
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18. The planned inclination (C) may be determined as the 
angle between longitudinal axis 17 and the projection of the 
acetabular cup axis 23 onto the coronal radiographic plane 18. 
0025. Alternatively, the controller 110 may be configured 
to receive the planned version (C) and inclination (0.) 
and constrain the virtual model of the acetabular cup 22 
accordingly. According to this alternative embodiment, a user 
may input a desired planned version (O) and inclination 
(0) by way of the input device 105, and the controller 110 
would use these values to constrain the orientation of the 
virtual model of the acetabular cup 22, while allowing the 
user to adjust the position of the virtual model of the acetabu 
lar cup 22 relative to medical image of the pelvis 10. 
0026. In step 209, the controller 110 may be configured to 
guide a reamer to prepare the acetabulum 20 Such that the 
implanted acetabular cup 22 is substantially oriented accord 
ing to the planned version (C) and inclination (0,i) of the 
acetabular cup 22. This may be accomplished, for example, 
by providing Surgical navigation and haptic feedback to a user 
manipulating the reamer, as described in U.S. Patent Appli 
cation Publication US 2011/0082468, which is hereby incor 
porated by reference. 
0027. In step 210, the controller 110 may be configured to 
guide a user during placement and impaction of the acetabular 
cup 22 to substantially achieve the planned version (C) 
and inclination (0,i) of the acetabular cup 22. This may be 
accomplished, for example, by providing Surgical navigation 
and haptic feedback to a user manipulating an impactor tool, 
as further described in U.S. Patent Application Publication 
US 2011 FOO82468. 
0028. In step 211, the controller 110 may be configured to 
determine the pose of the acetabular cup 22 after impaction 
into the pelvis 10 as described in U.S. Patent Application 
Publication US 2011/0082468. The controller may then use 
the post-impaction pose of the acetabular cup 22 relative to 
the pelvis 10 to determine a post-impaction version (C) 
and inclination (0) of the acetabular cup in a manner 
similar to that discussed in step 208. The post-impaction 
version (c.) and inclination (0) may then be displayed 
to a user by way of the output device 106. 
0029 While only certain embodiments have been set forth 
for the purposes of illustration, alternatives and modifications 
will be apparent from the above description to those skilled in 
the art. These and other alternatives are considered equiva 
lents and within the scope of this disclosure and the appended 
claims. 

What is claimed is: 
1. A method of planning and performing a Surgical proce 

dure, comprising the steps of: 
determining a coronal radiographic plane of a patient based 

on a medical image of the patient's pelvis; 
identifying two landmarks within the medical image; and 
determining a version and inclination of a virtual model of 

an acetabular cup based on a relationship between the 
virtual model of the acetabular cup, the coronal radio 
graphic plane, and the two landmarks. 

2. The method of claim 1, wherein the two landmarks are 
Substantially symmetrical with each other about a median 
plane of the patient. 

3. The method of claim 2, wherein the two landmarks are 
located on the pelvis. 

4. The method of claim 1, further comprising the step of 
determining a mediolateral axis based on the positions of the 
two landmarks. 
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5. The method of claim 4, further comprising the step of 
determining a longitudinal axis based on the mediolateral 
axis and the coronal radiographic plane. 

6. The method of claim 1, wherein the version is calculated 
as the angle between an axis of the virtual model of the 
acetabular cup and the coronal radiographic plane. 

7. The method of claim 5, wherein the inclination is calcu 
lated as the angle between a projection of an axis of the virtual 
model of the acetabular cup onto the coronal radiographic 
plane and the longitudinal axis. 

8. The method of claim 1, further comprising the step of 
guiding a reamer to prepare an acetabulum of the pelvis to 
receive the acetabular cup at a predetermined version and 
inclination. 

9. The method of claim 1, further comprising the step of 
determining a preoperative version and inclination of an 
acetabulum of the pelvis based on a relationship between the 
acetabulum, the coronal radiographic plane, and the two land 
marks. 

10. The method of claim 1, further comprising the step of 
guiding a user during impaction of the acetabular cup. 

11. The method of claim 1, further comprising the step of 
determining a post-impaction version and inclination of the 
acetabular cup based on a relationship between the post 
impaction orientation of the acetabular cup, the coronal radio 
graphic plane, and the two landmarks. 

12. The method of claim 1, further comprising the step of 
adjusting the orientation of the coronal radiographic plane 
based on the position of the two landmarks. 

13. A method of planning and performing a Surgical pro 
cedure, comprising the steps of 

receiving a medical image of a patient's pelvis: 
determining a coronal radiographic plane of the patient 

based on the medical image: 
identifying two landmarks within the medical image: 
determining a longitudinal axis based on the two land 

marks and the coronal radiographic plane; and 
determining a version and an inclination of a virtual model 

of an acetabular cup based on a relationship between the 
virtual model of the acetabular cup, the coronal radio 
graphic plane, and the longitudinal axis. 
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14. The method of claim 13, further comprising the steps of 
determining a mediolateral axis based on the positions of the 
two landmarks, and determining the longitudinal axis based 
on the mediolateral axis and the coronal radiographic plane. 

15. The method of claim 13, wherein the version is calcu 
lated as the angle between an axis of the virtual model of the 
acetabular cup and the coronal radiographic plane, and the 
inclination is calculated as the angle between a projection of 
an axis of the virtual model of the acetabular cup onto the 
coronal radiographic plane and the longitudinal axis. 

16. The method of claim 13, further comprising the step of 
adjusting the orientation of the coronal radiographic plane 
based on the positions of the two landmarks. 

17. A system for planning and performing a Surgical pro 
cedure, comprising: 

an input device; 
an output device; and 
a controller in communication with each of the input device 

and output device, the controller being configured to 
access a medical image of a patient's pelvis, determine a 
coronal radiographic plane of the patient based on the 
medical image, identify two landmarks within the medi 
cal image, and determine a version and inclination of a 
virtual model of an acetabular cup based on a relation 
ship between the virtual model of the acetabular cup, the 
coronal radiographic plane, and the two landmarks. 

18. The system of claim 17, wherein the controller is con 
figured to guide a reamer to prepare an acetabulum of the 
pelvis to receive the acetabular cup at a predetermined version 
and inclination. 

19. The system of claim 17, wherein the controller is con 
figured to determine a preoperative version and inclination of 
an acetabulum of the pelvis based on a relationship between 
the acetabulum, the coronal radiographic plane, and the two 
landmarks. 

20. The system of claim 17, wherein the controller is con 
figured to guide a user during impaction of the acetabular cup, 
and determine apost-impaction version and inclination of the 
acetabular cup based on a relationship between the post 
impaction orientation of the acetabular cup, the coronal radio 
graphic plane, and the two landmarks. 
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