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A method for pre-operative orthopedic planning includes 
obtaining only a high-resolution knee-joint scan of a patient, 
determining hip rotation center and ankle rotation center from 
anthropometric databased on personal data of the patient, and 
determining a mechanical axis of the knee joint based on the 
anthropometric data. The method also includes preparing at 
least a two-dimensional image model of the knee joint using 
the knee-joint scan and the determined mechanical axis, and 
preparing a pre-operative Surgical plan based on the image of 
the knee joint. 
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PATIENTSPECIFIC PRE-OPERATIVE 
PLANNING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 12/955,361 filed Nov. 29, 2010, which is 
a continuation-in-part of U.S. application Ser. Nos. 12/938, 
905 and 12/938,913, both filed Nov. 3, 2010, and which are 
continuation-in-part of U.S. application Ser. No. 12/893.306 
filed Sep. 29, 2010, which is a continuation-in-part of U.S. 
application Ser. No. 12/888,005, filed Sep. 22, 2010, which is 
a continuation-in-part of U.S. application Ser. No. 12/714, 
023, filed Feb. 26, 2010, which is a continuation-in-part of 
U.S. application Ser. No. 12/571,969, filed Oct. 1, 2009, 
which is a continuation-in-part of U.S. application Ser. No. 
12/486.992, filed Jun. 18, 2009, and is a continuation-in-part 
of U.S. application Ser. No. 12/389,901, filed Feb. 20, 2009, 
which is a continuation-in-part of U.S. application Ser. No. 
12/211,407, filed Sep. 16, 2008, which is a continuation-in 
part of U.S. application Ser. No. 12/039,849, filed Feb. 29, 
2008, which: (1) claims the benefit of U.S. Provisional Appli 
cation No. 60/953,620, filed on Aug. 2, 2007, U.S. Provi 
sional Application No. 60/947,813, filed on Jul. 3, 2007, U.S. 
Provisional Application No. 60/911,297, filed on Apr. 12, 
2007, and U.S. Provisional Application No. 60/892,349, filed 
on Mar. 1, 2007: (2) is a continuation-in-part U.S. application 
Ser. No. 1 1/756,057, filed on May 31, 2007, which claims the 
benefit of U.S. Provisional Application No. 60/812,694, filed 
on Jun. 9, 2006; (3) is a continuation-in-part of U.S. applica 
tion Ser. No. 1 1/971,390, filed on Jan. 9, 2008, which is a 
continuation-in-part of U.S. application Ser. No. 1 1/363,548, 
filed on Feb. 27, 2006; and (4) is a continuation-in-part of U.S. 
application Ser. No. 12/025,414, filed on Feb. 4, 2008, which 
claims the benefit of U.S. Provisional Application No. 
60/953,637, filed on Aug. 2, 2007. 
0002 This application is continuation-in-part of U.S. 
application Ser. No. 12/872,663, filed on Aug. 31, 2010, 
which claims the benefit of U.S. Provisional Application No. 
61/310,752 filed on Mar. 5, 2010. 
0003. This application is a continuation-in-part of U.S. 
application Ser. No. 12/483,807, filedon Jun. 12, 2009, which 
is a continuation-in-part of U.S. application Ser. No. 12/371, 
096, filed on Feb. 13, 2009, which is a continuation-in-part of 
U.S. application Ser. No. 12/103,824, filed on Apr. 16, 2008, 
which claims the benefit of U.S. Provisional Application No. 
60/912,178, filed on Apr. 17, 2007. 
0004. This application is also a continuation-in-part of 
U.S. application Ser. No. 12/103,834, filed on Apr. 16, 2008, 
which claims the benefit of U.S. Provisional Application No. 
60/912,178, filed on Apr. 17, 2007. 
0005. This application is also a continuation-in-part of 
U.S. application Ser. No. 12/255,945, filed on Oct. 22, 2008. 
0006. The disclosures of the above applications are incor 
porated herein by reference. 

INTRODUCTION 

0007. The present teachings provide various methods of 
pre-operative planning for orthopedic procedures customized 
for particular patients. 
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SUMMARY 

0008. The present teachings provide a method for pre 
operative orthopedic planning includes obtaining only a high 
resolution knee-joint scan of a patient, determining hip rota 
tion center and ankle rotation center from anthropometric 
databased on personal data of the patient, and determining a 
mechanical axis of the knee joint based on the anthropometric 
data. The method also includes preparing at least a two 
dimensional image model of the knee joint using the knee 
joint Scan and the determined mechanical axis, and preparing 
a pre-operative Surgical plan based on the image model of the 
knee joint. 
0009. The present teachings provide a method for pre 
operative orthopedic planning that includes obtaining only a 
high-resolution knee-joint scan of a patient, taking a digital 
photographic image of the patient, and determining a hip 
rotation center and an ankle rotation center from the digital 
photographic image. The method also includes determining a 
mechanical axis of the knee joint from the knee-joint Scan and 
the hip and ankle rotation centers, preparing a at least a 
two-dimensional image model of the knee joint using the 
knee-joint Scan and the determined mechanical axis, and pre 
paring a pre-operative Surgical plan based on the image model 
of the knee joint. 
0010. The present teachings provide a method for pre 
operative orthopedic planning that includes creating a dis 
eased bone database, obtaining personal data of a patient, and 
selecting a best-fit bone model from the diseased bone data 
base based on the personal data of the patient. The method 
also includes transforming the best fit model to a customized 
model matching the personal data of the patient, and prepar 
ing a pre-operative Surgical plan based on the customized 
model without obtaining image data of the patient. 
0011 Further areas of applicability of the present teach 
ings will become apparent from the description provided 
hereinafter. It should be understood that the description and 
specific examples are intended for purposes of illustration 
only and are not intended to limit the scope of the present 
teachings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The present teachings will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 
0013 FIG. 1 is a flowchart of an implant manufacturing 
method according to the present teachings; 
0014 FIG. 1A is a flowchart of an implant manufacturing 
method according to the present teachings; 
0015 FIG. 2 is a diagram illustrating a computer interface 
for an implant manufacturing method according to the 
present teachings; 
0016 FIG. 3 is perspective view of a generic casting of an 
implant according to the present teachings; 
0017 FIG. 4 is a posterior view of a generic casting 
according to the present teachings; 
0018 FIG. 4A is a posterior view of a generic casting 
including a plurality of additional modifiable features accord 
ing to the present teachings; 
0019 FIG. 5 is a plan view of a generic casting according 
to the present teachings; 
0020 FIG. 5A is a plan view of a generic casting including 
a plurality of additional modifiable features according to the 
present teachings; 
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0021 FIG. 5B is a distal view of a three-dimensional 
image of the patient’s distal femur showing planned resection 
planes according to the present teachings; 
0022 FIG. 50 is a anterior view of a three-dimensional 
image of the patient’s distal femur showing planned resection 
planes according to the present teachings; 
0023 FIG. 6 is a flow chart for an osteophyte/protrusion 
removal control method according to the present teachings; 
0024 FIG. 7 is a representative image of a patents 
anatomy showing osteophyte/protrusion control tools for 
modifying the image: 
0025 FIGS. 8 and 9 are representative images of a patents 
anatomy showing exemplary osteophyte/protrusion loca 
tions; 
0026 FIG. 10 is a representative image of a patents 
anatomy showing representative depth control selections for 
Surgeon manipulation; 
0027 FIGS. 11 and 12 are representative images of a 
patents anatomy after osteophyte/protrusion removal with 
exemplary implants attached thereon; 
0028 FIGS. 13A and 13B illustrate a flowchart of a 
method of implant and guide design; 
0029 FIG. 14 is a schematic view of hardware and a user; 
0030 FIG. 15 is a plan view of a display of a device: 
0031 FIG. 16 is an exemplary illustration of a patient in 
preparation for a knee joint arthroplasty according to a 
method of the present teachings; 
0032 FIG. 17 is an anterior skeletal view of an exemplary 
leg of a patient illustrating anatomic and mechanical axes: 
0033 FIG. 18 is a flowchart of a method associated with 
FIG. 16 according to the present teachings; 
0034 FIG. 19 is an exemplary illustration of a patient in 
preparation for a knee joint arthroplasty according to a 
method of the present teachings; 
0035 FIG. 20 is a flowchart of a method associated with 
FIG. 19 according to the present teachings; 
0036 FIG. 21 is a flowchart of a method according to the 
present teachings. 
0037 FIG. 22A is an exemplary illustration of a best-fit 
diseased bone model associated with block 1174 of FIG. 21; 
and 
0038 FIG. 22B is an exemplary illustration of a trans 
forming the best fit model of FIG. 21A to a patient-specific 
bone model associated with block 1176 of FIG. 21. 

DESCRIPTION OF VARIOUS ASPECTS 

0039. The following description is merely exemplary in 
nature and is in no way intended to limit the present teachings, 
applications, or uses. For example, although some of the 
present teachings are illustrated for a knee implant, the 
present teachings can be used for any orthopedic implant. 
0040. The present teachings provide a manufacturing 
method that integrates patients anatomic and medical infor 
mation with interactive participation by a Surgeon to select 
and manufacture an implant and, optionally, related Surgical 
instruments, for a particular patient from generally three 
options: a custom made implant specific to the patient, an 
implant that is only partially custom-made or a semi-custom 
implant, and a standard off-the shelf implant. Similarly, off 
the-shelf, custom-made, or semi-custom-made instrumenta 
tion (e.g. alignment guides, drill guides, cutting guides or 
other instruments) can be selected and manufactured, as rec 
ommended by the Surgeon, for the Surgical procedure. All the 
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implant components, alignment guides, and other disposable 
instruments can be included in a package provided to a Sur 
geon for a specific patient. 
0041 Referring to FIG. 1, an exemplary flowchart of an 
interactive implant manufacturing method according to the 
present teachings is illustrated. The portion of the patients 
anatomy related to the orthopedic procedure and the implant 
is characterized and detailed at 100. The characterization can 
be performed with various imaging methods capable of 
obtaining a representation of the affected anatomy, including, 
for example, soft and hard tissues. The tissues can include 
bone, bone joints with or without cartilage, ligaments, or 
other soft tissue. The imaging methods can include, for 
example, MRI, CT, ultrasound, radiography or X-ray, cam 
eras and other devices. Newer methods can also be used, 
including, for example, T-ray computed tomography and 
T-ray diffraction tomography. T-ray is a pulsed terahertz 
(THZ) radiation that can be used to image three-dimensional 
(3D) structures in the far-infrared region. The THZ-wave 
computed tomography system provides sectional images of 
objects similar to conventional CT techniques such as X-ray, 
but without the harmful effects of ionizing radiation. See, for 
example, Ferguson et al., T-ray Computed Tomography, Opt 
Lett. 2002 Aug. 1; 27(15): 1312-4. 
0042. The image information for the patient can be 
obtained at a medical facility or a doctors office and can be 
sent to the manufacturer in an electronic and/or digital form 
contained. The image information can be stored on a physical 
medium, such as a CD, DVD, flash memory device (e.g. 
memory Stick, compact flash, secure digital card), or other 
storage device. The information may alternatively, or in addi 
tion, be transmitted electronically with the Internet or world 
wide web using appropriate transfer protocols. Also, elec 
tronic transmissions can include e-mail or other digital 
transmission to any appropriate type of computer device, 
smartphone, PDA or other devices in which electronic infor 
mation can be transmitted. 

0043. Appropriate handheld devices (used as illustrated in 
FIG. 13), can include handheld mobile device or portable 
communication devices, such as the iPhone(R) handheld 
mobile device sold by Apple Inc., a corporation of California, 
USA; the LG Shine(R) handheld mobile device sold by LG 
Corp. a corporation of REPUBLIC OF KOREA; or the 
Blackberry Bold(R) handheld mobile device sold by Research 
In Motion Limited a corporation of CANADA. The handheld 
device can be those that are held in the palm of a hand of a 
user, such as a Surgeon (see FIG. 14). The Surgeon can then 
enter data with a stylus, keyboard, touch screen, etc. The 
handheld device can use local area networks, cellphone net 
works, or other data transmission systems to communicate 
with a main memory and processor of a service provider (see 
FIG. 14). 
0044) Appropriate handheld devices can provide access to 
electronic communication or file transfer protocols, such as 
internet or electronic mail, to transfer or access information 
files. The handheld devices can have installed programs that 
can be used to manipulate the information files, as discussed 
herein. Alternatively, or in addition thereto, the handheld 
devices can access servers that process data files while receiv 
ing input through the handheld devices and displaying images 
to the Surgeon or user via the handheld device. In certain 
instances, the handheld device may only be a client that does 
not process and edit a data file of the pre-op plan. 
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0045. With continued reference to FIG.1, at 110, the infor 
mation collected at 100 can be used to create a three-dimen 
sional model or image of the bone or joint with or without 
associated Soft tissue or related anatomy using commercially 
available computer modeling software from various vendors 
or developers, such as, for example, from Materialise USA, 
Ann Arbor, Mich. The three-dimensional model of the 
patients anatomy can be viewed on a computer display or 
other electronic screen and can also reproduced as a hardcopy 
on film or other medium and viewed by direct or indirect or 
backlight illumination. The model can be sized for viewing on 
any appropriate Screen size and may be cropped, rotated, etc. 
as selected by the individual (e.g. the Surgeon) viewing the 
SCC. 

0046. At 120, soft tissue associated with the affected 
anatomy can be modified, or removed or repaired, to restore 
alignment of the joint, for example, or to remove torn or 
diseased tissue, or to cut or repair ligaments, or to provide 
natural or artificial ligament grafts. Soft tissue information 
can be optionally used as an additional design parameter or 
input for the implant design, at 125. For example, a custom or 
patient-specific bearing articulation of a knee joint can be 
designed based on the kinematic profile and the soft tissue? 
ligament information available for a particular patient. Fur 
ther, kinematic information for the patient can be obtained by 
an actual gaitanalysis of the patient, and can also be obtained 
by computer modeling software that uses the MRI images of 
the patient's joints and associated ligaments, muscle or other 
soft tissue to derive kinematic analysis of the patient and 
corresponding recommendations for Soft tissue modification, 
Such as releasing a ligament, for example. Such software is 
commercially available from the Biomechanics Research 
Group, Inc., of San Clemente, Calif. 
0047. At 130, a preliminary pre-operative plan of the sur 
gical procedure can be prepared for Surgeon or other medical 
user or technician review, including the planning of various 
bone resections, sizes and types of implants, and various 
geometric requirements including relevant dimensions, such 
as height, width, orientation of particular features, etc. The 
preliminary pre-operative Surgical plan can include a recom 
mendation of particular implants and associated instruments 
to be used in the Surgical procedure, as discussed below. The 
preliminary pre-operative Surgical plan can be in the form of 
digital images that can be viewed interactively using a com 
puter modeling Software, such as the Software referenced 
above. The preliminary pre-operative plan and any further 
changes or a finalized pre-operative plan can be a plan devised 
to obtain a healthy or as close to healthy anatomical orienta 
tion after an operative procedure. The healthy anatomy can be 
based on natural or pre-injury anatomy or mechanically cor 
rect or efficient anatomical orientation. 
0048. At 140, the preliminary pre-operative surgical plan 
can be submitted to the surgeon (or other user) for review, 
either electronically or by land mail, and either in digital or 
hard copy form, as discussed above in connection with trans 
mitting imaging information. In particular, the Surgeon can 
review the resection planes shown in image of the patients 
anatomy, make changes in the location, size and orientation of 
the resection planes and, generally, work interactively until 
the pre-operative plan from 130 is surgeon-approved. Spe 
cifically, the Surgeon may approve the image of the patients 
anatomy showing corresponding resection planes. As shown 
in FIGS. 7 and 8, the patient’s anatomy 510, as represented in 
the image, can be, for example, a distal femur with approved 
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resection planes including medial and lateral anterior cham 
fer planes 513, medial and lateral anterior cut planes 511, 
medial and lateral posterior chamfer planes 512 and medial 
and lateral posterior cut planes 514. Following the surgeons 
approval of the anatomy and the resection planes at 140, the 
Surgeon is provided with the opportunity to remove one or 
more osteophytes/protrusions from the image of the patients 
anatomy 510 at surgeon-selected locations and depths at 500 
(See FIG. 6). Removal of such protrusions and smoothening 
of the joint surface that receives the implant can parallel the 
intra-operative joint preparation by the Surgeon and improve 
the actual fit of a Surgeon-selected implant, whether patient 
specific, semi custom, or off the shelf. 
0049. An automated osteophyte/protrusion removal con 
trol module 500 can be incorporated in the planning stage of 
the manufacturing method illustrated in FIG. 1. The auto 
mated osteophyte/protrusion removal control module 500 
can be provided as a separate pre-operative planning module, 
as shown in FIG. 6, or it can be incorporated and/or fully 
integrated with the manufacturing method illustrated in FIG. 
1 

0050 Certain parts of the bone, including various bone 
bumps, protrusions, growths and osteophytes can be gener 
ally removed from the three-dimensional reconstruction of a 
patients anatomy before designing a patient-specific implant 
or semi-custom implant, or before selecting an off the shelf 
implant. The automated osteophyte/protrusion removal con 
trol module can replace a time-consuming and potentially 
less accurate manual modification of the three-dimensional 
image to remove Such bone growths or osteophytes by an 
experienced image or CAD technician. The automated osteo 
phyte/protrusion removal control module 500 can provide 
more accurate and faster removal of such bone irregularities, 
which can vary in shape, location and size from patient to 
patient. It will be appreciated that the osteophyte/protrusion 
removal control module 500 can be used for smoothing out a 
bone Surface by removing any type of bone protrusion, 
including bumps, irregularities and osteophytes. According 
to the present teachings, osteophytes are illustrated as exem 
plary, but not exclusive, candidates for complete or partial 
removal. 
0051 Referring to FIG. 6, the osteophyte/protrusion 
removal control module 500 can start 502 with an input of the 
three-dimensional image of the patients anatomy 510 includ 
ing resection planes, as shown in FIGS. 7-9, after review and 
approval of the resection planes by the Surgeon (or other user, 
including other professionals or technicians) at 140 of FIG.1. 
In the exemplary illustration of FIG. 7, the image of the 
patients anatomy 510 can be analyzed to identify osteophyte/ 
protrusion locations 530 (at 504 of FIG. 6) by determining 
tissue or bone overhang protruding pastouter edges 532 of the 
various resection planes, such as the resection planes illus 
trated at 511, 513, 512 and 514 in FIGS. 7-9. If such osteo 
phyte/protrusions 530 extend beyond the edges of the resec 
tion planes in the direction of the planned or anticipated 
implant location, the osteophyte/protrusions 530 can inter 
fere with implant fitting. 
0052 Referring to FIGS. 6, 7 and 10, in addition to iden 
tifying the location of osteophytes/protrusions 530, the osteo 
phyte/protrusion removal control module 500 can provide 
visual control for the Surgeon to select the aggressiveness of 
osteophyte/protrusion removal, or the degree of smoothening 
and/or flattening of the corresponding joint anatomy. Specifi 
cally, by fine-tuning the osteophyte/protrusion locations, at 



US 2016/0213491 A1 

506 of FIG. 6, the surgeon can control the depth of the osteo 
phyte/protrusion removal in a continuous or discrete manner. 
In one aspect, a landmark location 540 for each osteophyte/ 
protrusion 530 can be identified and pegged for measuring 
from and initiating a continuous series of constant or variable 
depth contours 542 to aid the surgeon in selecting the depth of 
osteophyte/protrusion removal. The depth contours can be 
automatically generated by the computer software that gen 
erates a three-dimensional model or image of the anatomy, 
Such as the Software commercially available, for example, 
from Materialise USA, AnnArbor, Mich. The landmark loca 
tion 540 can be a location of lowest possible depth in the 
vicinity of the identified osteophyte/protrusion, a minimum, 
or a valley location, as shown in FIG. 10. Although the depth 
contours 542 are shown as discrete in FIG. 10, it will be 
appreciated that a continuous removal control can be pro 
vided, such that the Surgeon can exercise unlimited choices of 
depth contours for removal. The depth contours 542 can 
represent curved Smoothed-out Surfaces under the original 
osteophyte/protrusion 530 and can be exposed after an over 
lying area is shaved or peeled in the image of the patients 
anatomy 510 by the operation of graphical or visual removal 
tools provided on the image of the patients anatomy 510. The 
Surgeon or other user can manipulate the graphical removal 
tools with a user interface. Such as a mouse, touch screen, 
joystick, slide pad, or other user interface. 
0053 Referring to FIG. 7, various visual removal tools can 
be provided for on-screen manipulation and control by the 
surgeon, at 508 of FIG. 6. For example, a removal tool cor 
responding to each edge of a resection plane can be provided 
and used to visually/graphically remove a portion of an osteo 
phyte/protrusion associated with a particular edge 532. In 
FIG. 7, four such exemplary removal tools 520a, 520b,520c, 
520d (collectively referenced as 520) are shown, each 
removal tool associated with an edge of a resection plane, 
Such as lateral and medial chamfer plane and lateral and 
medial cut plane. Although the removal tools 520 are illus 
trated as straight sliders in FIG. 7, the amount removed fol 
lows a depth contour 542, as illustrated in FIG. 10. The 
removal tools 520 can include a visual indicator 525 that can 
provide information to the Surgeon in the form of a number on 
a scale indicative of the depth of aggressiveness of osteo 
phyte/protrusion removal. In another aspect, the indicator 525 
can provide visual information in terms of variable color in 
shades gradually changing from minimum depth removal 
(green, for example) to maximum depth removal (red, for 
example). 
0054. After the surgeon completes the osteophyte/protru 
sion removal, the Surgeon can manipulate and Superimpose 
implant images in relation to the modified patients anatomy 
510. In FIGS. 11 and 12, exemplary images of a resected 
femur 510 and tibia 515 referenced relatively to a mechanical 
axis 522 are illustrated. The femur image illustrates the 
patients anatomy 510 after the osteophytes/protrusions 530 
shown in FIGS. 8 and 9 have been removed and a femoral 
component 560 is placed on the resulting smoothed out sur 
face that follows one of the depth contours 542 shown in FIG. 
9 

0055 Based on the preliminary pre-operative surgical 
plan and the patient information, the Surgeon can make a 
recommendation regarding the design of the implant at 150, 
and any desired associated alignment guides at 160. At 150, 
the Surgeon can recommend a method of designing an 
implant. Specifically, the Surgeon can select one of the fol 
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lowing three options: a first option of a custom or patient 
specific implant at 170 or a second option of a semi-custom 
made implant at 180, or a third option of a standard or off 
the-shelf implant at 190. It will be appreciated that, based on 
the Surgeon’s recommendation at 140, the preliminary pre 
operative surgical plan can be modified at 130 and then resub 
mitted to the Surgeon for approval. 
0056. A custom-made implant is a patient-specific, one of 
a kind implant specifically made for a particular patient, and 
consequently there is no inventory associated with Such 
implant. Standard or off-the-shelf-implants are available and 
stocked in a number of sizes, typically six or more, and a 
number of configurations or types, including bilateral or uni 
lateral implants, constrained, semi-constrained, mobile, etc. 
Because of the variety of sizes and configurations that are 
kept in stock to be accommodate different patients, a large 
inventory of standard implants is created, and several molds 
for each type and size of implant may be used. As described 
below in detail, semi-custom implants provide an intermedi 
ate solution between custom-made and off-the-shelf 
implants. Semi-custom implants reduce the size of inventory 
and molds required for production, while allowing some 
degree of patient-specific customization. 
0057 Custom or patient-specific implants, when 
approved by surgeon at 170 for a specific patient, can be 
manufactured for the patient by rapid prototyping methods, 
Such as Stereolithography or other similar methods, or by 
CNC milling, or other automated or computer-controlled 
machining, or by robotic methods, at 250. Manufacturing can 
take place at a manufacturing center or facility in situ or at 
remote or off-site location. It will be understood that in situ 
manufacturing is used as a short hand for a manufacturing site 
of the original equipment manufacturer (OEM), but can be 
physically located at a different facility of the OEM. Off-site 
or remote manufacturing will be understood to refer to facili 
ties operated by other manufacturers who are contracted by 
the OEM for manufacturing all or some of the components or 
parts for the Surgical procedure. 
0.058 Off-the-shelf implants, when approved by the sur 
geon a 190, can be manufactured by standardcasting methods 
from bar stock or other stock material at 200, then shaped to 
a final shape and size by grinding or milling at 210, polished 
at 220, and then cleaned/passivated at 230. Such off-the-shelf 
implants can be part of an existing inventory, or mass-pro 
duced, or produced by just-in-time agile manufacturing 
methods. 
0059 Semi-custom implants, when approved by the sur 
geon at 180, can be made from a generic casting at 240, as 
described below, or by modifying existing standard implant 
designs to match various features or parameters based on the 
anatomy of the patient, as described in co-pending patent 
application entitled Patient-Modified Implant and Associated 
Method, Ser. No. 12/103,834, filed on Apr. 16, 2008, the 
disclosure of which is incorporated by reference herein. After 
the generic casting is modified for certain parameters of a 
patient, it can be processed at aspects 210-230 to a passivated 
form. Patient-specific parameters can include parameters 
relating to the size of the implant, including height, width, 
various articulation parameters orangles, etc., as discussed in 
specific example below in reference to FIGS. 3-5. 
0060. The surgeon’s review of the surgical planat 140 may 
further include, at 160, a request for one or more patient 
specific alignment guides to be used with the implant. Patient 
specific alignment guides are described in co-pending patent 
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application Ser. No. 1 1/756,057, filed on May 31, 2007, Ser. 
No. 1 1/971,390, filed on Jan. 9, 2008, Ser. No. 12/025,414, 
filed on Feb. 4, 2008, and Ser. No. 12/039,849 filed on Feb. 29, 
2008. The alignment guides can be manufactured at 260 with 
by rapid prototyping methods, such as stereolithography or 
other similar methods or by CNC milling, or other automated 
or computer-controlled machining or robotic methods, and 
cleaned at 270. The alignment guides, the implants and 
optionally other disposable instruments can be packaged and 
sterilized at 280, and forwarded to the surgeon or the sur 
geon’s medical facility for implantation at 290. 
0061 Referring to FIG. 2, a computer interface 400 to a 
computer program for the management of the manufacturing 
methodisillustrated diagrammatically. An orthopedic system 
manager 402 can be in the form of software or other computer 
program associated with the original equipment manufac 
turer. The orthopedic system manager 402 can be accessible 
locally via dedicated computer machines or computer termi 
nal directly communicated with software either by hard wire 
or wirelessly. The orthopedic system manager 402 can also be 
accessible remote remotely via the Internet or other remote 
communication portals using any electronic or other devices 
that can connect to the Internet or other web-based network, 
or other similar communication networks, including cable, 
satellite and telephone-based networks. 
0062. The system manager 402 can provide access to 
patient file information, including lists of all current patients 
at 403, and Surgery dates, Surgeons, and approval status of the 
Surgical plan for each patient, at 404. Each patient file can 
include personal and medical information of the patient, Such 
as, for example, weight, height, gender, age, lifestyle, perti 
nent medical records and medical history, as well as informa 
tion on patient assessment that includes physical and kine 
matic evaluation pertaining to the orthopedic procedure at 
406, and soft and hard tissue analysis at 408, including infor 
mation provided at aspects 120 and 125 of FIG. 1, as dis 
cussed above. Imaging center information for patient scans, 
as discussed in relation to aspects 100 and 110 of FIG. 1, can 
added or modified at 410, and an imaging center for each 
specific patient can be specified at 412. Surgeon profiles, 
including Surgeon preferences regarding anatomic axes align 
ment or implant and instrument preferences that can be taken 
into account when preparing the preliminary pre-operative 
plan discussed at aspect 130 of FIG. 1, can be created and 
edited at 414. Information and selection of manufacturing 
centers can be accessed at 416 for manufacturing the implants 
and or alignment guides as discussed in relation to aspects 
260, 250, 240, and 210-230 of FIG. 1. The preliminary pre 
operative Surgical plan for each patient can be provided at 
418, as discussed above at 140 in reference to FIG. 1, and 
e-mailed or otherwise communicated to the patient's Surgeon 
at 420. 

0063. As discussed above at aspects 150 to 190 of FIG. 1, 
one implant option includes manufacturing semi-custom 
implants by generic casting. Illustrative examples of generic 
casting of a semi-custom femoral component are shown in 
FIGS. 3-5. A generic casting 300 of the implant is a casting 
that is more specialized than ordinary bar Stock, from which 
any size of component can be made, but less specialized than 
the off-the-shelf components that are available in a particular 
number of sizes, typically six-to ten sizes and are finished 
from specific castings of those sizes. The generic casting can 
be made in a size and shape that can accommodate a range of 
variable features for the component, and at the same time can 
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be machined to multiple sizes, such as three or four Smaller 
sizes. In contrast, off-the-shelf implants require a mold or 
casting for each offered size, and a larger inventory of avail 
able sizes for each implant component. The generic casting 
can generally include geometric features which are size? 
shape and/or patient-independent or universal, and also fea 
tures that are size/shape or patient-specific, as discussed in the 
examples below. More particularly, the generic casting can 
include at least one geometric feature that will remain 
unchanged for any patient or universal feature, and at least 
one geometric feature that can be specifically customized for 
and is specific to a particular patient. 
0064 Referring to FIGS. 4 and 5, an exemplary generic 
casting 300 of a femoral component is illustrated. In this 
example, the generic casting 300 can have an anterior flange 
302 of medial-lateral width W, and/or a height Hand/or other 
geometric dimensions to accommodate multiple sizes of 
femoral components. For example, multiple sizes of left 
sided implants 304a, 304b, and various sizes of right-sided 
implants 306a, 306b can be formed by a single generic cast 
ing. Appropriate markings or indentations or score lines for 
cutting to size can be provided, such as height markings 330, 
for example. The implant for a particular patient can be 
formed from the generic casting 300 by selecting particular 
features, such as the width W or height H, or other geometric 
features for a particular patient and machining the generic 
casting 300 to provide the size, dimension or shape, or com 
binations thereof for that particular geometric feature. 
0065 Referring to FIG. 5, the generic casting 300 does not 
include a patella track feature, but provides an area in which 
a custom patella track 308 can be machined at a custom angle 
for each specific patient. The generic casting 300 can also 
include additional material in the intercondylar notch area 
310 to allow for custom machining of the intercondylar notch 
area 310 to accommodate various types of articulation or 
constraint in relation to a tibial component, such cams or 
intercondylar boxes, and other contact areas for articulation 
with the tibial component in accordance with a kinematic 
plan for the joint of the specific patient. Separate molds for 
posterior stabilized and cruciate retaining articulations can be 
made, each mold capable of accommodating multiple sizes of 
the corresponding implant type. For example, the intercondy 
lar notch area 310 can be machined for line or area contact 
with the articular surfaces of a tibial component of various 
degrees of flexion. Exemplary articulations are disclosed in 
commonly assigned U.S. Pat. No. 6,589.283, U.S. Pat. No. 
6,413.279, and U.S. Pat. No. 6,165.223, and in co-pending 
U.S. patent application Ser. No. 10/840,765 filed on May 6, 
2004, all of which are incorporated herein by reference. Vari 
ous markings 332 corresponding to different sizes can be 
provided. 
0.066 Referring to FIG. 3, the generic casting 300 can 
include at least one patient-independent or universal feature, 
such as, for example, universal cement wells 312 or other 
universal features. Such universal features can be used with 
any internal geometry 314, which can be machined into the 
generic casting 300 to accommodate the appropriate shape 
and/or size for a specific patient. 
0067. Referring to FIGS. 3, 4A, 5A, 5B and 50, a semi 
custom implant (304a, 304b, 306a, 306b) can also be gener 
ated from a generic casting 300 by customizing a plurality of 
features based on the patients anatomy during the pre-opera 
tive planning stage in addition to or instead of the parameters 
discussed above. The generic casting 300 can include a stan 
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dard, non-custom articulation Surfaces for the medial and 
lateral condyles and an internal bone engagement Surface 
300a for engaging the resected femur and including five 
internal planes 511a, 513a, 517a, 512a and 514a (FIG. 3) 
corresponding to anterior cut plane 511', anterior chamfer 
plane 513', distal cut plane 517, posterior chamfer plane 512' 
and posterior cut plane 514 (FIGS. 5B and 50). The internal 
bone engagement Surface 300a and corresponding internal 
planes of the generic casting 300 can correspond to standard, 
i.e., non-custom, sizes for the femoral component. By select 
ing a relatively large number of parameters corresponding to 
the patients anatomy, as captured in the three-dimensional 
image of the corresponding joint portion of the patient, the 
semi-custom implant can be made to correspond to the 
patients anatomy as closely as desired while retaining the 
internal geometry corresponding to the resection planes in the 
Sagittal view. More specifically, in an exemplary embodi 
ment, at least nine parameters of the implant can be patient 
specific, including three lengths and six angles, as discussed 
below in reference to the preoperative plan for the specific 
patient and the various planned resection planes. 
0068. In an exemplary embodiment of the preoperative 
plan, an image of the patients anatomy, i.e. the distal femur 
510' of the patient indicating the planned cut planes is illus 
trated in FIGS. 5B and 5C. FIG.5B represents a distal view of 
the three-dimensional image of the distal femur 510', as 
reconstructed by MRI, CT or other scans. The planned resec 
tions indicated on the image include medial and lateral sides 
of a posterior chamfer plane 512, of a distal cut plane 517, 
and of an anterior chamfer plane 513. The most anteriorpoint 
of the intercondylar notch is indicated by a tangent line at 907. 
FIG.5C represents an anterior view of the three-dimensional 
image of the distal femur 510', and illustrates the distal cut 
plane 517", anterior chamfer plane 513', and an anterior cut 
plane 511'. The straight edges of the various cut planes are 
indicated as follows in reference to FIG. 5C: posterior distal 
edge 950 is the posterior edge of the distal cut plane 517": 
anterior distal edge 952 is the anterior edge of distal cut plane 
517; distal anterior edge 954 is the distal edge of the anterior 
cut plane 511'; and proximal anterior edge 956 is the proximal 
edge of the anterior cut plane 511". FIG. 5B also illustrates the 
posterior distal edge 950, the anterior distal edge 952, and the 
distal anterior edge 954. 
0069. A representative, but not exhaustive list of patient 
specific parameters that can be selected at the preoperative 
stage for incorporation into the implant design after aparticu 
lar size implanthas been selected is indicated in FIGS. 4A and 
5A-C. 

0070 Specifically, a central plane 800 perpendicular to the 
epicondylar axis 801 of the distal femur 510" can be identified 
through the center of and orthogonal to the medial-lateral 
width W of the generic casting 300. The central plane 800 can 
be used as a reference plane for the bone cuts and the various 
patient-specific parameters to be used in modeling the semi 
custom implant. The specified parameters can include, for 
example, three distances/lengths of the implant and six angles 
of the implant, each of which can be modified pre-operatively 
to be patient-specific Such that they correspond to conform to 
the particular patients anatomy. It will be appreciated that a 
lesser or greater number of parameters or different parameters 
can be use to customize and optimize the implant for the 
patient. The following exemplary parameters are illustrated in 
FIGS. 4A and 5A-C: medial condyle width 802, lateral 
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condyle width 804, notch height 806, first, second and third 
medial angles 808, 810, 812; and first, second and third lateral 
angles 814, 816, 818. 
(0071. In particular, and referring to FIGS. 5B and 50, the 
medial condyle width 802 is defined as the distance between 
the central plane 800 and the farthest medial point/tangent 
line 902 (but not part of an osteophyte) on the posterior distal 
edge 950. The lateral condyle width 804 is defined as distance 
between the central plane 800 and the farthest lateral point/ 
tangent 904 on the posterior distal edge 950 (but not part of an 
osteophyte). The notch height 806 defined as the distance 
along the central plane 800 from the posterior cut plane 514 
at edge 906 to the most anterior point/tangent line 907 on the 
notch (but not part of an osteophyte). The first medial angle 
808 is defined as the angle between the central plane 800 and 
the line 908 connecting the medial-most points on the poste 
rior distal edge 950 and the anterior distal edge 952. The 
second medial angle 810 is defined as the angle between the 
central plane 800 and the line 910 connecting the medial 
most points on the anterior distal edge 952 and the distal 
anterior edge 954. The third medial angle 812 is defined as the 
angle between the central plane 800 and the line 912 connect 
ing the medial-most points on the distal anterior edge 954 and 
the proximal anterior edge 956. The first lateral angle 814 is 
defined as the angle between the central plane 800 and the line 
914 connecting the lateral-most points on the posterior distal 
edge 950 and the anterior distal edge 952. The second lateral 
angle 816 is defined as the angle between the central plane 
800 and the line 916 connecting the lateral-most points on the 
anterior distal edge 952 and the distal anterior edge 954. The 
third lateral angle 818 defined as the angle between the central 
plane 800 and the line 918 connecting the lateral-most points 
on the distal anterior edge 954 and the proximal anterior edge 
956. 

0072 Referring to FIG. 1A, when the above parameters 
800, 802,804,806, 808,810,812,814,816,818 are identified 
in the pre-operative planning stage, an image of a semi cus 
tom implant customized with these parameters can be dis 
played at 135 for review and comparison with the image of the 
patients anatomy. The values of the parameters 800, 802. 
804, 806, 808, 810, 812, 814, 816, 818 can be adjusted, as 
desired, and the implant with the adjusted or finalized param 
eters can selected at 137 and forwarded to the surgeon for 
review at 140 together with the preoperative plan, as 
described above in connection with FIG.1. The preoperative 
planning procedure can proceed as discussed above. 
0073. As discussed above, each semi-custom implant has 
an internal bone engagement geometry including five planes 
511a, 513a, 517a, 512a and 514a corresponding to the resec 
tion planes and at least nine patient-specific parameters, 
including the three lengths and six angles described above. 
0074. It will be appreciated from the above discussion that 
generic casting can greatly reduce inventory, machining costs 
and investment in mold tooling, while at the same time 
accommodating sizes and geometric features specific to a 
patient. Specifically, each implant type can be formed from a 
generic casting that can accommodate multiple AP sizes cor 
responding to medial-lateral widths, such as four sizes, for 
example. For implants that are available in eight sizes, generic 
casting can reduce inventory by a half, using two molds total 
for eight sizes. Further, additional reductions in inventory can 
be obtained by combining right and left side implants into a 
single generic casting, as discussed above in relation to FIG. 
4. 
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0075. The process can then be followed as illustrated in 
FIGS. 13A and 13B as discussed above in relation to FIG. 1. 
The blocks in FIGS. 13A and 13B that are illustrated with the 
same reference numerals as in FIG. 1, but augmented with a 
prime are not discussed in further detail, but are discussed 
above in FIG. 1 and include substantially similar processes. In 
addition to the various applications discussed above, input 
from a Surgeon or other appropriate user can be provided with 
a handheld device, as discussed above. As illustrated in FIGS. 
13A and B, a handheld device can be used by the surgeon to 
review the pre-operative plan at 140'. It will be understood, 
however, that the process for providing a selected implant and 
tools can be similar to that discussed above, for example, with 
reference to FIG. 1 

0076. With reference to FIG. 14, a schematic diagram 
illustrating main or exemplary hardware components for the 
process illustrated in FIGS. 13A and 13B is illustrated. The 
pre-operative plan or preliminary pre-operative plan from 
block 130 and 130 can be developed or produced by a service 
provider 700. The service provider 700 can own, operate, 
manage, or the like a main processor 702 and a main memory 
704. The main processor and main memory 702, 704 can beat 
the service provider 700, in communication with the service 
provider 700, or otherwise controlled, maintained, or used by 
the service provider 700. Further, the main processor and 
main memory 702, 704 can be incorporated into a single 
server system. Regardless, the main processor 702 can pro 
cess or execute a program, Such as a program to develop the 
pre-operative plan, accept inputs from the Surgeon, and aug 
ment or generate the final pre-operative plan. In addition, the 
main processor 702 can also be used to design and output the 
implant and alignment guide in blocks 150, 150, and 160, 
16O. 

0077. As discussed above, and further herein, the pre 
operative plan can be delivered or accessed by the Surgeon via 
notification or surgeon access in block 600', 602'. The access 
or delivery of the pre-op plan can be via an internet or world 
wide web connection 706 that uses a first communication 
method 708 from the service provider 700 and a second 
communication method 710 to a handheld device 712. It will 
be understood that the first and second communication 
method 708, 710 can be wired or wireless and can both be the 
same. Alternatively, or in addition to an internet connection a 
cell or mobile phone connection system 714. Such as a tower, 
cellphone, antenna, can be provided. A first communication 
line 716 can transmit a communication through the mobile 
phone connection system 714. It will be understood that the 
service provider can communicate directly with the mobile 
phone connection system 714 via connection 716 or though 
an indirect connection 716'. Such as an internet connection. A 
second communication line 718 can be used by a surgeon 720 
with the handheld device 712. Again, it will be understood, 
that the first and second communication system 716,716', and 
718 can be wired or wireless and can be the same or different. 
In addition, an intermediate system, Such as a laptop or desk 
top computer 722 can be in communication with a system, 
such as the internet 706 via a first communication system 724 
and the handheld device 712 can be interconnected with the 
computer 722 via a second communication system 726. 
Again, the first and second communication system 724, 726 
can be the same or different and be wired or wireless. 

0078. With further reference to FIGS. 13A, 13B, and 14, 
the pre-operative plan from block 130' can be delivered to a 
Surgeon or accessed by a Surgeon in any appropriate manner, 
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such as via the internet 706 or cell communication 714. The 
pre-operative plan can be the preliminary pre-operative plan 
as discussed above. The pre-operative plan can include or be 
saved as a data file, in the main memory 704 associated with 
the main processor 702 of the service provider 700, of an 
appropriate type including image data, patient data, resection 
area data, etc. The pre-operative plan can be generated and 
stored by the service provider 700. The service provider 700 
can be any appropriate service. Such as an implant and/or 
guide manufacturer or specification producer. A specification 
producer can be a service that provides specifications for an 
implant or guide to a manufacturer for production. 
(0079. The service provider 700 cannotify the surgeon 720 
or user that the preliminary pre-operative plan is ready for 
review in block 600'. The notification that the pre-operative 
plan is prepared can be performed in any appropriate manner. 
For example, an electronic mail notification can be sent to the 
Surgeon 720, a text message can be sent to the Surgeon 720, a 
telephone call can be made to the surgeon 720 via landline or 
a wireless connection, as illustrated in FIG. 14. Regardless, 
the Surgeon can be notified that the pre-operative plan is ready 
for review in block 600 through the use of the mobile device 
T 12. 

0080. Once the surgeon 720 is notified that the pre-opera 
tive plan is ready for review, the surgeon 720 can access the 
pre-operative plan in block 602'. The Surgeon can access the 
pre-operative plan in one or a plurality of ways in block 140'. 
For example, the surgeon 720 can download the pre-operative 
plan to the handheld device in block 604'. Alternatively, or in 
addition thereto, the Surgeon 720 can access the main proces 
sor/memory 702, 704 to review the pre-operative plan in the 
main memory 704 in block 606 with the handheld device 
712. It will be further understood that the surgeon 720 may 
also access the plan with the computer or terminal 722 by 
downloading the pre-operative plan data file to the computer 
722 on which appropriate software is installed to access the 
pre-operative plan. The surgeon 720 may also view a printout 
of the pre-operative plan for manipulating or commenting on 
the pre-operative plan, or any other appropriate manner. 
I0081. If the surgeon 720 downloads the file to the hand 
held device 712, the file can be downloaded to the handheld 
device 712 using any appropriate transfer protocol or com 
munication system, as illustrated in FIG. 14. For example, the 
handheld device 712 can be connected to the computer 722 
through an appropriate communications cable or protocol 
726, such as BluetoothR), a wireless communication protocol 
or a Universal Serial Bus (USB) cable. Once the file is down 
loaded to the handheld device 712, a program on the handheld 
device 712 can execute or read the file and display images for 
the surgeon 720. The surgeon 720 can then review the plan in 
block 140". For example, as illustrated in FIG. 7, a view of a 
bone to be resected can be displayed along with the slider bars 
520 for allowing editing or augmentation of the pre-operative 
plan by the Surgeon. 
I0082. The view of the images, including the slider bars 
520, can be augmented for the handheld device 712. For 
example, a cropped and Zoomed image may only include a 
portion of the bone or region to be cut or resected for viewing 
by the surgeon. For example, as illustrated in FIG. 15, the 
handheld device 712 can include a view screen 740 that 
displays an image of the bone to be resected, but only includes 
a portion thereof. Such as a lateral portion of a distal femur. 
The Zoomed and cropped image can include fewer than all of 
the slide bars 520, such as only the slide bars 520'c and 520'd. 
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The slide bars 520'c and 520'd can be illustrated and accessed 
by the Surgeon to change data in the file for creation of 
appropriate instruments and implants for the specific patient 
or for augmentation of semi-custom or selection of an off 
the-shelf instrument and implant. 
0083. The surgeon 720 can access or change the pre-op 
erative plan file using the slide bars 520'c and 520'd through 
any appropriate access or manipulation process. For example, 
the screen 740 of the handheld device 712 can be a touch 
screen. Accordingly, the Surgeon 720 can touch the screen 
with a finger or stylus to move the slider or marker portion 525 
on the slider bars 520'c and 520'd. Alternatively, or in addition 
thereto, a trackball or other pointer device 742 can be pro 
vided to access and move the slider bars 520'c and 520'd. R 
will be understood that the handheld device 712 can have any 
appropriate input devices, such as an external or connected 
input devices, that can be mapped for appropriate command 
inputs into the system for augmenting the pre-operative plan 
file. The changes, if made by the Surgeon, can then be saved to 
the pre-operative plan file to generate an edited pre-operative 
plan file. 
0084. If the surgeon 720, after review of the pre-operative 
plan in block 140, finds the plan to be unacceptable in block 
620', the NO path 622 can be followed for the surgeon 720 to 
edit the plan in block 624'. The surgeon 720 can edit the plan 
in block 624 in any appropriate manner. Such as by moving 
the slider bars 520'c and 520'd, or any other appropriate slider 
bars. Alternatively, the surgeon 720 can edit the pre-operative 
plan in any appropriate manner, including those discussed 
above. Moreover, the surgeon 720 can input changes into the 
pre-operative plan using any appropriate input portion, Such 
as touching the screen 740. It will be understood, that the 
pre-operative plan file that is downloaded to the handheld 
device 712 can then be saved with the edits as the edited 
pre-operative plan and transmitted to the service provider 700 
for appropriate edits to be re-reviewed or finalized, as dis 
cussed above. It will be understood, however, that the hand 
held device 712, which can include the appropriate program, 
can save the file in the appropriate format and transmit it back 
to the service provider 700. 
0085 Alternatively, or in addition to downloading the pre 
operative plan file, the handheld device 712 can access the 
pre-operative plan which is stored in the main storage 704 
associated with the service provider in block 606 and separate 
from the handheld device 712. If the handheld device 712 
accesses the pre-operative plan on the main processor, 
memory 702, 704, the handheld device 712 need only display 
an image representing a portion of the file on the display 
screen 740. That is, the pre-operative plan and any edits or 
processing made to the pre-operative plan can be done solely 
or substantially by the main processor 702 that executes a 
program to manipulate and display the file. The main proces 
sor 702 and the main memory 704 need not be physically near 
or connected to the handheld device 712. 

I0086. The handheld device 712 can be provided to display 
the image. Such as an image of the bone for resection, for the 
surgeon 720. Therefore, the handheld device 712 may not be 
required to process the pre-operative plan file from the service 
provider 700, but only be provided to display the pre-opera 
tive plan file and receive and transmit input from the Surgeon 
720. Accordingly, even if the pre-operative plan is accessed 
from the service provider in block 606, the slide bars 520'c 
and 520'd can be displayed on the display 742 of the handheld 
device 712 for input by the surgeon 720. The inputs, however, 
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can be directly transmitted to the main processor 702 for 
processing augmentation or editing of the file. This is in 
addition or alternative to augmenting or editing the file that 
has been downloaded to the handheld device 712 for re 
transmission of the edited pre-operative plan to the service 
provider 700. 
I0087. By only or substantially accessing the pre-operative 
plan file from the main processor/memory 702, 704 data 
transmission can be minimized from the main memory 704 or 
provider 700 to the handheld device 712 of the surgeon 720. 
Decreased data transmission can provide increased speed and 
decreased data usage costs or bottlenecks in a system. In 
addition, the handheld device 712 can be provided or include 
limited memory and processing capabilities when the pre 
operative plan file is only accessed with the handheld 712 and 
only small amounts of information are transferred, for 
example, regarding slide bar location and Smaller portions of 
an image file. Accordingly, it can be provided, that a complete 
or pre-operative plan is transmitted to the handheld device 
712, processed completely on the handheld device 712, edited 
on the handheld device 712, saved and re-transmitted back to 
the service provider 700 or the handheld device 712 can only 
access the pre-operative plan file saved at the main memory 
702 and transmit edits to the server. 
I0088 Data transmission and processing can also be 
reduced by limiting or cropping the pre-operative plan data 
file. For example, as illustrated in FIG. 15, only a lateral and 
distal portion of the bone is illustrated on the display device or 
display screen 740 of the handheld device 712. It will be 
understood that an image file or image information can 
include the entire bone or other data saved in the image file. 
Accordingly, the image file can be cropped at the server or at 
the provider and only a portion of the image file transmitted to 
the handheld device 712. This can be done repeatedly for 
different portions of the image data to allow for smaller file 
packet size or file size for transmission to the handheld device 
712. The cropping and compression of the data file can be 
done in substantially real-time by the server for a substan 
tially seamless viewing and manipulation by the Surgeon. 
I0089 Even if the surgeon 720 accesses the data file on the 
main memory 704, the surgeon 720 can review the pre-op 
erative plan block 140', as discussed above, and make a deter 
mination of whether the pre-operative plan is acceptable in 
block 620'. As discussed above, if the pre-operative plan is not 
acceptable, the NO path 622 can be followed to allow for 
surgeon edits in block 624. 
(0090. Further, regardless of the method of review of the 
pre-operative plan in block 140', the pre-operative plan can be 
determined to be acceptable in block 620' and follow the YES 
path 626'. When following the YES path 626", the implant can 
be designed and an alignment guide can be designed in blocks 
150' and 160'. 

0091. The various methods described above in connection 
with the preparation a pre-operative plan may employ high 
resolution imaging of the patient's joint, as well as various 
other anatomic landmarks for obtaining the mechanical and 
anatomic axes of a specific patient. In knee arthroplasty, for 
example, MRI or CT of the hip, knee and ankle as well as an 
X-ray of the entire leg may be performed pre-operatively and 
used with an imaging protocol to prepare a detailed three 
dimensional image of the knee joint for the pre-operative 
plan. T-ray CT (Terahertz Computed Tomography) may also 
be used for quick, non-ionizing radiation scans using por 
table, battery operated Sources of T-ray radiation. T-ray scan 
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ners, T-ray sources and related instruments are commercially 
available, for example, from Advanced Photonix, Inc, Ann 
Arbor, Mich. 
0092 Referring to FIGS. 16-22B, various methods of 
reconstructing the patients anatomy during the pre-operative 
plan while reducing the use of pre-operative Scanning and 
imaging equipment are illustrated according to the present 
teachings. 
0093. In one embodiment, illustrated in reference to FIGS. 
16-18, a high-resolution image of the knee joint only is used 
together with anthropometric data to prepare a three-dimen 
sional model of the knee joint. Anthropometric data are pub 
licly available from many sources and can include, among 
other things, lengths for body segments, density, mass and 
inertial properties, and centers of mass and axes of rotation. 
See, for example, David Winter, Biomechanics and Motor 
Control of Human Movement, 4" Edition, Chapter 4, Anthro 
pometry, 2009, John Wiley & Sons, Inc. FIG. 4.1 of Winter's 
book provides, for example, various body segment lengths 
expressed as a fractions of body height. The Department of 
Defense maintains a collection of anthropometry resources. 
See for example the website of the Defense Technical Infor 
mation Center (DTIC) at “dtic.mil/dticasd/anthro. 
html#data'. 

0094. In another embodiment, illustrated in reference to 
FIGS. 16 and 19-20, a high-resolution image of the knee joint 
only is combined with a digital photograph of the patients 
leg. A third embodiment, illustrated in the flowchart of FIG. 
22, avoids pre-operative imaging of the patient for the pur 
pose of the pre-operative plan. 
0095. The use of anthropometric and personal data for 
determining a mechanical axis of the patient is illustrated in 
FIG. 17, in which a center of rotation of the femoral joint or 
hip center 76, a center of rotation of the knee joint or knee 
center 75 and a center of rotation of the ankle joint or ankle 
center 78 are indicated. Corresponding distances between 
these centers, such as hip height H1 (vertical distance 
between hip center 76 and knee center), hip offset D1 (hori 
Zontal distance between hip center 76 and knee center), tibial 
height H2 (vertical distance between ankle center 78 and knee 
center), and ankle offset D2 (horizontal distance between 
ankle center 78 and knee center) can be determined from the 
height or other personal data of the particular patient using 
publicly available anthropometric data. From this data, a hip 
angle C. between the femoral anatomic axis AN of the femoral 
bone 72 and the femoral mechanical axis FM can be deter 
mined. Similarly, a tibial angle B, i.e., an angle between the 
tibial mechanical axis TM of the tibial bone 74 and the femo 
ral mechanical axis FM can be determined. 
0096 Referring to FIG. 16, a high resolution scan of the 
knee joint 70 of a patient 60 can be taken pre-operatively 
using an MRI scanner or CT scanner or other scanner 50. 
Scanning is focused on the knee joint 70 of the patient, as 
illustrated in FIG. 16. The high resolution scan of the knee 
joint obtained can be used for the methods illustrated in the 
flowcharts of FIGS. 18 and 20 as discussed below. 
0097. Referring to FIG. 18, various personal patient data 
are obtained preoperatively, at 1100. The personal patient 
data can include information for use with anthropometric 
databases and can include, for example, height, weight, body 
mass index (BMI), age, gender, race, ethnicity, daily activity, 
disability, etc. A high resolution scan of the knee joint 70 of 
the patient is also obtained pre-operatively at 1102, as illus 
trated in FIG. 16. Using the public anthropometric data, the 
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hip height H1, the hip angle C, the tibial height H2 and tibial 
ankle 3 can be determined, at 1104 using the personal patient 
data. From this anthropometric data and the high resolution 
scan of the knee joint 70, the femoral mechanical axis FM and 
tibial mechanical axis TM can be determined, at 1106, and 
located in a two- or three-dimensional image model of the 
knee joint 70 as reconstructed from the knee joint scan, at 
1108. Based on the image model, a pre-operative plan can be 
prepared, at 1110, as discussed above. Patient-specific align 
ment guides, other associated instruments and/or patient-spe 
cific, semi-custom, or non-custom implants can be made 
based on the pre-operative plan and the determination of the 
mechanical axis of the patient. The patient-specific alignment 
guides can include, for example, a three-dimensional bone 
engagement Surface which is designed to be mate and be 
complementary to the three-dimensional Surface of the image 
model of the knee joint, as discussed in detail in the patent 
applications cross-referenced above and incorporated herein 
by reference. 
(0098 Referring to FIGS. 19 and 20, instead of using 
anthropometric data, a digital photographic image of the 
patient 60 in front of a grid surface 1120 or other reference 
Surface can obtained pre-operatively using a digital photo 
graphic equipment 1130, as illustrated in FIG. 19. Using the 
digital photographic image, the hip center 76, knee center 75 
and ankle center 78 can be identified on the grid surface 1120 
and the corresponding hip height H1, tibial height H2 and 
various anatomic/mechanical axes (shown in FIG. 17) can be 
determined. It should be appreciated that other methods of 
reference for the digital photographic image can be used, 
including, for example size- or orientation indicative markers 
on the patient or in reference to the patient in the field of view 
of the camera. 

(0099 Referring to flowchart of FIG. 20, a high resolution 
scan of the knee joint 70 of the patient can be obtained 
pre-operatively at 1150. A digital photographic image of the 
patient showing the leg anatomy in front of the grid Surface 
1120 is obtained, at 1152. The hip center 76 and ankle center 
78 can be determined from the digital image, at 1154. The 
femoral mechanical axis FM and tibial mechanical axis TM 
can also be determined from the digital image, at 1156. Using 
this information and the using the high-resolution Scan, a 
two-dimensional or a three-dimensional image model of the 
knee joint 70 showing the femoral and tibial mechanical axes 
FM and TM can be prepared at 1158. Based on the image 
model, a pre-operative plan can be prepared, at 1160, as 
discussed above. Patient-specific alignment guides, other 
associated instruments and/or patient-specific, semi-custom, 
or non-custom implants can be made based on the pre-opera 
tive plan and the determination of the mechanical axis. 
0100 Referring to FIGS. 21, 22A and 22B, an image-free 
method of representing a specific patients anatomy for pre 
operative planning is illustrated. A database that includes 
images and measurements of diseased/deformed bones and 
bone joints can be created from in-house patient data or other 
publicly available data, at 1170. Personal patient data can also 
be obtained preoperatively, at 1172. The personal patient data 
can include, for example, height, weight, body mass index 
(BMI), age, gender, race, ethnicity, daily activity, disability, 
etc. A best-fir bone model, illustrated at FIG. 22A, can be 
selected from the database based on the patient’s personal 
data, at 1174. Optimization oriteration or visual selection can 
be used to select the best-fit bone model for the specific 
patient. The best-fit bone model may still have parameters 
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that differ from the patient’s personal data. After matching a 
patient with a best-fit bone model from the database that 
corresponds to one or more of gender, age, disability, race, 
etc. Some other personal parameters may not quite match. For 
example, one or more of the hip height H1 or the tibial height 
H2, or the hip ankle C, or the tibial angle B may differ from 
corresponding known values H1', H2, C' and B' of the patient 
that are obtained pre-operatively for the specific patient, as 
discussed above. A transformation program/Software can be 
used to transform, deform or morph the best-fit bone model of 
FIG.22A to a patient customized model shown in FIG.22B, 
in which all the known parameters of the patient are matched 
without altering other details of the best-fit bone model of 
FIG.22A, at 1176. Various commercially available software 
programs can be used for the bone transformation/morphing, 
including those disclosed in U.S. Patent Application Publica 
tion 2004/006818, which is incorporated herein by reference. 
Based on the customized model, a pre-operative plan can be 
prepared, at 1178, as discussed above, and customized align 
ment guides, other associated instruments, and custom, semi 
custom or non-custom implants can be made based on the 
preoperative plan. 
0101 The methods described above in reference with 
FIGS. 16-22B, provide different choices for controlling the 
extent of pre-operative image scanning of the patient for use 
in the pre-operative plan. The methods can be used to prepare 
corresponding patient-specific or patient-customized align 
ment guides and select implants, including patient-specific or 
customized implants, or semi-custom implants or non cus 
tom, off-the-shelf implants, as discussed above. 
0102 The foregoing discussion discloses and describes 
merely exemplary arrangements of the present teachings. 
Furthermore, the mixing and matching of features, elements 
and/or functions between various embodiments is expressly 
contemplated herein, so that one of ordinary skill in the art 
would appreciate from this disclosure that features, elements 
and/or functions of one embodiment may be incorporated 
into another embodiment as appropriate, unless described 
otherwise above. Moreover, many modifications may be 
made to adapt a particular situation or material to the teach 
ings of the invention without departing from the essential 
scope thereof. One skilled in the art will readily recognize 
from Such discussion, and from the accompanying drawings 
and claims, that various changes, modifications and varia 
tions can be made therein without departing from the spirit 
and scope of the present teachings as defined in the following 
claims. 

1. A method for pre-operative orthopedic planning com 
prising: 

obtaining only a high-resolution knee-joint Scan of a 
patient; 

determining hip rotation center and ankle rotation center 
from anthropometric databased on personal data of the 
patient; 

determining a mechanical axis of the knee joint based on 
the anthropometric data; 

preparing at least a two-dimensional image model of the 
knee joint using the knee-joint scan and the determined 
mechanical axis; and 

preparing a pre-operative Surgical plan based on the image 
of the knee joint. 

2. The method of claim 1, wherein the high-resolution scan 
is one of Magnetic Resonance Imaging or Computer Tomog 
raphy scan. 
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3. The method of claim 1, wherein the personal data 
include a height of the patient. 

4. The method of claim 2, wherein the personal data 
include gender, age and weight of the patient. 

5. The method of claim 1, wherein preparing a pre-opera 
tive Surgical plan further comprises preparing a patient-spe 
cific alignment guide. 

6. The method of claim 5, wherein preparing a pre-opera 
tive Surgical plan further comprises selecting an implant for 
the patient. 

7. The method of claim 6, wherein the implant is patient 
specific. 

8. The method of claim 1, wherein preparing at least a 
two-dimensional image model of the knee joint includes pre 
paring a three-dimensional image model of the knee joint. 

9. A method for pre-operative orthopedic planning com 
prising: 

obtaining only a high-resolution knee-joint scan of a 
patient; 

taking a digital photographic image of the patient; 
determining a hip rotation center and an ankle rotation 

center from the digital photographic image: 
determining a mechanical axis of the knee joint based on 

the knee-joint Scan and the hip rotation center and ankle 
rotation center; 

preparing at least a two-dimensional image model of the 
knee joint using the knee-joint Scan and the determined 
mechanical axis; and 

preparing a pre-operative Surgical plan based on the image 
model of the knee joint. 

10. The method of claim 9, wherein preparing a pre-opera 
tive Surgical plan further comprises preparing a patient-spe 
cific alignment guide. 

11. (canceled) 
12. (canceled) 
13. The method of claim 9, wherein the digital photo 

graphic image of the patient is taken against a grid Surface. 
14. A method of pre-operative orthopedic planning com 

prising: 
pre-operatively obtaining a scan of a joint of a patient; 
pre-operatively obtaining personal data of the patient; 
determining measurements of the joint using the personal 

data of the patient and anthropometric calculations; 
determining a geometric feature of a bone of the joint based 

on the anthropometric calculations; 
locating the geometric feature on an image model of the 

joint; and 
preparing a pre-operative Surgical plan based on the geo 

metric feature and image model. 
15. The method of claim 14, wherein the joint comprises a 

knee joint, the bone comprises a femur, and the geometric 
feature comprises at least one axis of the femur. 

16. The method of claim 15, wherein measurements of the 
joint include distances between centers of rotation of the knee 
joint, an ankle joint and a hip joint of the patient. 

17. The method of claim 16, wherein the distances include 
hip height, hip offset, tibial height and ankle offset. 

18. The method of claim 15, wherein the at least one axis of 
the femur includes an anatomic axis and a mechanical axis. 

19. The method of claim 14, wherein personal data of the 
patient includes two or more of height, weight, body mass 
index, age, gender race, ethnicity, daily activity and disabili 
ties of the patient. 
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20. The method of claim 14, further comprising producing 
patient-specific instruments based on the pre-operative Surgi 
cal plan. 

21. The method of claim 14, wherein the scan comprises a 
high-resolution scan from an MRI scanner or a CT scanner. 

22. The method of claim 14, wherein the image model of 
the joint comprise a three-dimensional image model. 

k k k k k 
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