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patient to the processing module; a Surface imaging module
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ABSTRACT

Embodiments of systems and methods for planning and/or

cessing module; and the processing module processes the
bone data and the Surface data into an output that includes
three-dimensional (3-D) representation data indicative of at
least one of an oral structure and a facial structure of the
patient. In certain embodiments, a system includes a fabrica
tion module that produces a physical model based on the 3-D
representation data and indicating a planned location of an

endosseous implant. In certain embodiments, a system

includes a Surgical module that guides implantation of an
endosseous implant based on the 3-D representation data.
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ASSISTED DENTAL MPLANT TREATMENT
RELATED APPLICATIONS

0001. This application claims priority to U.S. Provisional
Application No. 60/977,368, filed Oct. 3, 2007, the content of
which is hereby incorporated by reference herein in its
entirety.
FIELD OF THE INVENTION

0002 Embodiments of the invention relate to systems and
methods for use in the production and/or delivery of dental
prostheses.
BACKGROUND OF THE INVENTION

0003. The practice of replacing missing teeth with man
made prosthetics dates to at least as early 700 BC, when the
Etruscans made dentures from human or animal teeth. The

first truly artificial teeth, made using porcelain, were first
devised around 1770, and a British Patent for artificial teeth

was granted in 1791 to De Chemant.
0004 Since then, improvements in the design and manu
facture of dental prosthetics have included the use of new
materials, such as synthetic polymers and carbon fiber mate
rials, as well as new methods of treatment planning. More
recently, prosthetics have advanced from the traditional Sur
face mounted denture, to the use of permanently mounted
implants Surgically inserted into the underlyingjawbone, and
onto which an artificial tooth or set of teeth can be mounted.

These implants provide a number of advantages, including
improved stability, better fit, and greater comfort.
0005 Along with the development of improved prosthet
ics have been advances in the planning and delivery of
replacement teeth. For example, recent methods of treatment
planning include the use of imaging data to produce a virtual
treatment plan, for example, Simplant(R) computer Software as
referred to in U.S. Patent Application Publication No. 2007/
0059665 (Orentlicher et al.).
0006 Virtual treatment planning systems are typically
used to direct the fabrication of a Surgical guide. For example,
in the NobelGuide TM system, treatment planning software
outputs are sent to a remote facility where a Surgical guide is
constructed by Sterolithography techniques. The completed
Surgical guide is mounted in the patient's mouth and used by
the dental Surgeon to guide a Surgical drill in order to form
holes into which the implants are placed.
SUMMARY OF THE INVENTION

0007. The use of prior art methods and devices for plan
ning, manufacturing, and delivering dental prosthesis comes
with certain limitations. For example, traditional dentures are
often ill-fitting or uncomfortable for extended wear in many
users. Slipping of the denture when chewing certain foods can
also be problematic for patients with this kind of dental
replacement.
0008 While this problem has been partially overcome by
the use of newer implant-based prosthetic systems, current
implant technologies provide a less than optimal Solution. For
example, the present commercially available methods of
applying treatment plans developed using medical imaging
and software programs, to actual Surgical procedures,
involves the use of an intermediate Surgical guide. Typically
these Surgical guides are fashioned by Sterolithography, at a
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remote location, then packaged and sent to the dental profes
sional for use in an implant procedure.
0009 While it is possible to fashion surgical guides having
acceptable fidelity with respect to the patient's oral surfaces
and the virtual treatment plan, the use of these guides presents
other problems. For example, the resins compatible for use in
sterolithography processes are generally sensitive to moisture
and ultraviolet light, as well as extremes oftemperature. One
manufacturer of guides warns not to allow the guide to be in
contact with moisture for a period in excess of 30 minutes.
The resins used for sterolithography are also generally not
stable attemperatures commonly used for heat sterilization.
0010 Production of guides by sterolithography is also
relatively slow. Thus, using currently available methods and
materials, an extended period of time is required to go from a
first visit, the treatment planning, ordering of the Surgical
guide, and finally the Surgical procedure and delivery of the
prosthesis. This increases the cost, and reduces the attractive
ness of dental implants as a prosthetic Solution.
0011 What would be desirable is a system that coordi
nates treatment planning, manufacture of the prosthesis, and
the Surgery and delivery of the prosthesis in Such a way that
the entire process could be accomplished within a relatively
brief time period, for example within the course of a single
day.
0012. Accordingly, there is provided in some embodi
ments, a system, for planning an oral or facial endosseous
implantation in a patient, comprising a processing module; a
bone imaging module that communicates bone data to the
processing module, the bone data representative of at least a
portion of a bone of the skull of the patient; a Surface imaging
module that communicates Surface data to the processing
module, the Surface data representative of at least a portion of
a surface, of the patient, that is apart from the bone; wherein
the processing module processes the bone data and the Sur
face data into an output comprising three-dimensional (3-D)
representation data indicative of at least one of an oral struc
ture and a facial structure of the patient; a fabrication module
that, based on the 3-D representation data, produces a physi
cal model of the at least one of the patient’s oral structure or
facial structure, the model indicating a planned location of an
endosseous implant.
0013. In certain embodiments, a hole in the model indi
cates the planned location of the endosseous implant.
0014. In certain embodiments, a surgical module, based
on the 3-D representation data, guides implantation of the
endosseous implant in the patient.
0015. In certain embodiments, the bone comprises at least
one of the mandible and the maxilla of the patient, and
wherein the Surface comprises an oral Surface.
0016. In certain embodiments, the oral surface comprises
a Surface of at least one of a gingiva, a tooth, and a dental
prosthetic.
0017. In certain embodiments, the system comprises a
treatment planning module that, based on a combination of
the 3-D representation data and input received from a treat
ment planner, outputs a treatment plan to a machine-readable
medium, the treatment plan comprising a parameter for a
planned hole in the portion of the bone; wherein the planned
hole is configured to receive the endosseous implant; and
wherein the parameter comprises at least one of a spatial
location, a depth, a diameter, and an angular orientation of the
planned hole.
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0018. In certain embodiments, the treatment planning
module determines, based on at least one of a measured

density, a measured absorption, and a measured intensity of a
region of the portion of the bone, at least one of a number of
planned holes and the parameter.
0019. In certain embodiments, the fabrication module
uses the input received from the treatment planner to produce
the physical model. In certain embodiments, the system fur
ther comprises a guide module that produces a Surgical guide
based on the physical model. In certain embodiments, the
system further comprises the physical model. In certain
embodiments, the system further comprises the Surgical
guide.
0020. In certain embodiments, the surface data are derived
from imaging of a cast of oral structures of the patient. In
certain embodiments, the imaging of the oral structures com
prises imaging with at least one of computed tomography,
X-ray, magnetic resonance imaging, optical imaging, acoustic
imaging, and optical coherence tomography. In certain
embodiments, the Surface data are derived from imaging of
oral structures of the patient. In certain embodiments, the
imaging of the oral structures comprises imaging with at least
one of computed tomography, X-ray, magnetic resonance
imaging, optical imaging, acoustic imaging, and optical
coherence tomography. In certain embodiments, the bone
data are derived from imaging by at least one of computed
tomography, X-ray, magnetic resonance imaging. In certain
embodiments, one imaging device comprises both the bone
imaging module and the surface imaging module.
0021. In certain embodiments, the fabrication module
comprises a milling machine that produces the physical
model. In certain embodiments, the fabrication module com

prises a milling machine that produces the physical model.
0022. In certain embodiments, the treatment planner com
prises a human user. In certain embodiments, the treatment
planner comprises a computer program. In certain embodi
ments, the system further comprises the computer program.
0023. Some embodiments of the present invention provide
a system, for planning an oral or facial endosseous implanta
tion in a patient, comprising: a processing module; a bone
imaging module that communicates bone data to the process
ing module, the bone data representative of at least a portion
of a bone of the skull of the patient; a Surface imaging module
that communicates Surface data to the processing module, the
Surface data representative of at least a portion of a Surface, of
the patient, that is apart from the bone; wherein the processing
module processes the bone data and the Surface data into an
output comprising 3-D representation data indicative of at
least one of an oral structure and a facial structure of the

patient; a Surgical module that, based on the 3-D representa
tion data, guides implantation of an endosseous implant in the
patient.
0024. In some embodiments, the bone comprises at least
one of the mandible and the maxilla of the patient, and
wherein the Surface comprises an oral Surface. In some
embodiments, the oral Surface comprises a Surface of at least
one of a gingiva, a tooth, and a dental prosthetic.
0025. In some embodiments, the system further comprises
a treatment planning module that, based on a combination of
the 3-D representation and data input received from a treat
ment planner, outputs a treatment plan to a machine readable
medium, the treatment plan comprising a parameter for a
planned hole in the portion of the bone; wherein the planned
hole is configured to receive the endosseous implant; and
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wherein the parameter comprises at least one of a spatial
location, a depth, a diameter, and an angular orientation of the
planned hole.
0026. In some embodiments, the treatment planning mod
ule determines, based on at least one of a measured density, a
measured absorption, and a measured intensity of a region of
the portion of the bone, at least one of a number of planned
holes and the parameter.
0027. In some embodiments, the surgical module com
prises a robot that, based on the treatment plan, implants the
endosseous implant in the patient. In some embodiments, the
Surgical module comprises a robot that, based on the treat
ment plan, implants the endosseous implant in the patient. In
Some embodiments, the robot couples a dental prosthesis to
the endosseous implant.
0028. In some embodiments, the surface data are derived
from imaging of a cast of oral structures of the patient. In
Some embodiments, the imaging of the oral structures com
prises imaging with at least one of computed tomography,
X-ray, magnetic resonance imaging, optical imaging, acoustic
imaging, and optical coherence tomography. In some
embodiments, the Surface data are derived from imaging of
oral structures of the patient. In some embodiments, the imag
ing of the oral structures comprises imaging with at least one
of computed tomography, X-ray, magnetic resonance imag
ing, optical imaging, acoustic imaging, and optical coherence
tomography. In some embodiments, the bone data are derived
from imaging by at least one of computed tomography, X-ray,
magnetic resonance imaging. In some embodiments, one
imaging device comprises both the bone imaging module and
the Surface imaging module. In some embodiments, the bone
imaging module, the Surface imaging module, or both the
bone imaging module and the Surface imaging module can
comprise hardware, Software, or a combination thereof.
0029. In some embodiments, the treatment planner com
prises a human user. In some embodiments, the treatment
planner comprises a computer program. In some embodi
ments, the system further comprises the computer program.
0030 Certain embodiments of the present invention pro
vide methods, of planning an oral or facial endosseous
implantation in a patient, comprising: providing a processing
module; communicating bone data to the processing module,
the bone data representative of at least a portion of the bone of
the skull of the patient; communicating Surface data to the
processing module, the Surface data representative of at least
a portion of a surface, of the patient, that is apart from, and
near, the bone; with the processing module, processing the
bone data and the Surface data into an output comprising 3-D
representation data indicative of at least one of an oral struc
ture and a facial structure of the patient; with a fabrication
module and based on the 3-D representation data, producing
a physical model of the at least one of the patient's oral
structure or facial structure, the model indicative of a planned
location of an endosseous implant.
0031. In certain embodiments, a method further com
prises, with a Surgical module and based on the 3-D repre
sentation data, guiding implantation of the endosseous
implant in the patient.
0032. In certain embodiments, the bone comprises at least
one of the mandible and the maxilla of the patient, and the
Surface comprises an oral Surface.
0033. In certain embodiments, a method of further com
prises, with a treatment planning module and based on a
combination of 3-D representation data and an input received
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from a treatment planner, outputting a treatment plan to a
machine readable medium, the treatment plan comprising a
parameter for a planned hole in the portion of the bone;
wherein the planned hole is configured to receive the endos
Seous implant; and wherein the parameter comprises at least
one of a spatial location, a depth, a diameter, and an angular
orientation of the planned hole.
0034. In certain embodiments, the fabrication module
comprises a multi-axis milling machine that produces the
physical model of the patient's oral structures. In certain
embodiments, the fabrication module comprises a multi-axis
milling machine that produces the physical model of the
patient's oral structures. In certain embodiments, a method
further comprises directing, with the fabrication module and
based on the physical model, a multi-axis milling machine to
produce a Surgical guide. In certain embodiments, a method
further comprises performing, based on the Surgical guide, an
osteotomy.

0035. In certain embodiments, a method further comprises
installing, at the site of the osteotomy, the endosseous
implant. In certain embodiments, a method further comprises
installing a dental prosthesis on the dental implant. In certain
embodiments, the Surface data are derived from imaging of a
cast of oral structures of the patient.
0036. In certain embodiments, the imaging of the oral
structures comprises imaging with at least one of computed
tomography, X-ray, magnetic resonance imaging, optical
imaging, acoustic imaging, and optical coherence tomogra
phy. In certain embodiments, the surface data are derived
from imaging of oral structures of the patient. In certain
embodiments, the imaging of the oral structures comprises
imaging with at least one of computed tomography, X-ray,
magnetic resonance imaging, optical imaging, acoustic imag
ing, and optical coherence tomography. In certain embodi
ments, the bone data are derived from imaging by at least one
of computed tomography, X-ray, magnetic resonance imag
ing. In certain embodiments, one imaging device comprises
both the bone imaging module and the Surface imaging mod
ule.

0037. In certain embodiments, the treatment planner com
prises a human user. In certain embodiments, the treatment
planner comprises a computer program.
0038. Some embodiments provide a method, of planning
an oral or facial endosseous implantation in a patient, com
prising: providing a processing module; communicating bone
data to the processing module, the bone data representative of
at least a portion of the bone of the skull of the patient;
communicating Surface data to the processing module, the
Surface data representative of at least a portion of a Surface, of
the patient, that is apart from, and near, the bone; with the
processing module, processing the bone data and the Surface
data into an output comprising 3-D representation data
indicative of at least one of an oral structure and a facial

structure of the patient; with a Surgical module and based on
the 3-D representation data, guiding implantation of an
endosseous implant in the patient.
0039. In some embodiments, the bone comprises at least
one of the mandible and the maxilla of the patient, and
wherein the Surface comprises an oral Surface. In some
embodiments, the oral Surface comprises a Surface of at least
one of a gingiva, a tooth, and a dental prosthetic.
0040. In some embodiments, a method comprises, with a
treatment planning module and based on a combination of
3-D representation data and an input received from a treat

Apr. 9, 2009
ment planner, outputting a treatment plan to a machine read
able medium, the treatment plan comprising a parameter for
a planned hole in the portion of the bone; wherein the planned
hole is configured to receive the endosseous implant; and
wherein the parameter comprises at least one of a spatial
location, a depth, a diameter, and an angular orientation of the
planned hole.
0041. In some embodiments, the treatment planning mod
ule determines, based on at least one of a measured density, a
measured absorption, and a measured intensity of a region of
the portion of the bone, at least one of a number of planned
holes and the parameter.
0042. In some embodiments, a method comprises per
forming, based on the treatment plan, an osteotomy.
0043. In some embodiments, the surgical module com
prises a robot that, based on the treatment plan, implants the
endosseous implant in the patient. In some embodiments, the
Surgical module comprises a robot that installs a dental pros
thesis on the endosseous implant.
0044. In some embodiments, the surface data are derived
from imaging of a cast of oral structures of the patient. In
Some embodiments, the imaging of the oral structures com
prises imaging with at least one of computed tomography,
X-ray, magnetic resonance imaging, optical imaging, acoustic
imaging, and optical coherence tomography. In some
embodiments, the Surface data are derived from imaging of
oral structures of the patient. In some embodiments, the imag
ing of the oral structures comprises imaging with at least one
of computed tomography, X-ray, magnetic resonance imag
ing, optical imaging, acoustic imaging, and optical coherence
tomography. In some embodiments, the bone data are derived
from imaging by at least one of computed tomography, X-ray,
magnetic resonance imaging. In some embodiments, one
imaging device comprises both the bone imaging module and
the Surface imaging module
0045. In some embodiments, the treatment planner com
prises a human user. In some embodiments, the treatment
planner comprises a computer program.
0046 Certain embodiments provide a system, for plan
ning and delivering oral and facial endosseous implants in a
patient, comprising: a bone imaging module that receives
input data representative of at least a portion of a bone of a
patient wherein the bone comprises at least one of a mandible,
a maxilla and a skull of the patient; an oral Surface imaging
module that receives input data representative of at least a
portion of an oral Surface overlying a portion of the bone of
the patient; a processing module that, based on data received
from the bone imaging module and the oral or facial Surface
imaging module, outputs three-dimensional (3-D) represen
tation data, which is indicative of a three-dimensional repre
sentation of at least one of an oral and facial structure of the

patient; wherein the 3-D representation data is configured to
enable production of a three-dimensional model of the oral
and facial structure of the patient.
0047. In some embodiments, the system further comprises
a treatment planning module that combines the 3-D represen
tation data, with inputs received from a treatment planner, and
outputs a treatment plan comprising at least one of a spatial
location, a depth, a diameter, and an angular orientation of a
hole configured to receive an endosseous implant.
0048. In some embodiments, the oral surface overlying a
portion of the bone of the patient include at least one of
gingiva, teeth, a dental prosthetic, and combinations thereof.
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0049. In some embodiments, the system further comprises
a fabrication module that receives data inputs from the treat
ment planning module and produces a physical model com
prising at least one of a patient's oral or facial structure, and
the location of the endosseous implant. In some embodi
ments, the system further comprises the physical model. In
Some embodiments, the physical model is used as a template
to manufacture a Surgical guide. In some embodiments, the
system further comprises the Surgical guide.
0050. In some embodiments, the fabrication module com
prises a milling machine that produces the physical model of
the oral or facial structure of the patient, and forms a hole in
the physical model at the location of the planned implant, as
determined by the treatment planning module.
0051. In some embodiments, the inputs from the treatment
planner are determined by a human user. In some embodi
ments, the inputs from the treatment planner are determined
by a Software program.
0052. In some embodiments, the treatment planner further
comprises an assistant module configured to assist in decid
ing the number, size, and location of the implants, based on a
measurement of Hounsfield units in a region of bone that
includes an implantation site. In some embodiments, the sys
tem further comprises the Software program. In some
embodiments, the system further comprises the assistant
module.

0053. In some embodiments, there is provided a system
for planning and delivering dental implants in a patient, com
prising: a bone imaging module that receives input data rep
resentative of at least a portion of a bone of a patient; wherein
the bone comprises at least one of a mandible, a maxilla and
a portion of the skull of the patient; an oral Surface imaging
module that receives input data representative of at least a
portion of an oral Surface overlying at least a portion of the
bone of the patient; a processing module that, based on data
received from the bone imaging module and the oral or facial
Surface imaging module, outputs 3-D representation data,
which is indicative of a three-dimensional representation of
an oral structure of the patient; wherein the 3-D representa
tion data is configured to directa Surgical robot to an implan
tation site adapted to receive an endosseous implant.
0054. In some embodiments, the system further comprises
a treatment planning module that combines the 3-D represen
tation data with inputs from a treatment planner and that
outputs a treatment plan comprising at least one of an
osteotomy spatial location, depth, diameter, and angular ori
entation. In some embodiments, the treatment plan is config
ured to direct the Surgical robot to prepare the implantation
site and installan endosseous implant. In some embodiments,
the treatment plan is further configured to direct the Surgical
robot to installa dental prosthesis on the endosseous implant.
0055. In some embodiments, the system further comprises
an assistant module, configured to assist in deciding the num
ber, size, and location of the implants, based on a measure
ment of Hounsfield units in a region of bone that includes an
implantation site.
0056. In some embodiments, the oral surface overlying a
portion of the bone of the patient include at least one of
gingiva, teeth, a dental prosthetic, and combinations thereof.
0057. In some embodiments, the inputs from the treatment
planner are determined by a human user. In some embodi
ments, the inputs from the treatment planner are determined
by a computer program. In some embodiments, the system
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further comprises the program. In some embodiments, the
system further comprises the Surgical robot.
0058. In some embodiments, there is provided a method,
of planning and delivering dental implants in a patient, com
prising: providing a bone imaging module that receives input
data representative of at least a portion of a bone of a patient;
wherein the bone comprises at least one of a mandible, a
maxilla and a portion of the skull of the patient; providing an
oral Surface imaging module that receives input data repre
sentative of at least a portion of an oral Surface overlying at
least a portion of the bone of the patient; providing a process
ing module that, based on data received from the bone imag
ing module and the oral or facial Surface imaging module,
outputs 3-D representation data, which is indicative of a
three-dimensional representation of an oral structure of the
patient; and wherein the 3-D representation data is configured
to enable an automated implantation of an endosseous dental
implant to the patient's oral structure; providing a treatment
planning module that combines the 3-D representation data,
with an input received from a treatment planner, and outputs
a treatment plan comprising at least one of a spatial location,
a depth, a diameter, and a angular orientation of a hole con
figured to receive an endosseous implant; directing a multi
axis milling machine to produce a physical model of the
patient's oral structures, based on the treatment plan; produc
inga Surgical guide, based on the physical model; performing
an osteotomy, based on the Surgical guide; installing a dental
implant at the site of the osteotomy; and installing a dental
prosthesis on the dental implant.
0059. Some embodiments provide a method, of planning
and delivering dental implants in a patient, comprising: pro
viding a bone imaging module that receives input data repre
sentative of at least a portion of a bone of a patient; wherein
the bone comprises at least one of a mandible, a maxilla and
a portion of the skull of the patient; providing an oral Surface
imaging module that receives input data representative of at
least a portion of an oral Surface overlying at least a portion of
the bone of the patient; providing a processing module that,
based on data received from the bone imaging module and the
oral or facial Surface imaging module, outputs 3-D represen
tation data, which is indicative of a three-dimensional repre
sentation of an oral structure of the patient; and wherein the
3-D representation data is configured to enable an automated
implantation of an endosseous dental implant to the patient's
oral structure; providing a treatment planning module that
combines the 3-D representation data, with an input received
from a treatment planner, and outputs a treatment plan com
prising at least one of a spatial location, a depth, a diameter,
and a angular orientation of a hole configured to receive an
endosseous implant; directing a Surgical robot to perform an
osteotomy, based on the treatment plan; installing a dental
implant at the site of the osteotomy; and installing a dental
prosthesis on the dental implant.
0060. In some embodiments, the surgical robot installs the
dental implant. In some embodiments, the Surgical robot
installs the dental prosthesis.
BRIEF DESCRIPTION OF THE DRAWINGS

0061 FIG. 1 is a flowchart of depicting a prior art system
for planning and delivering dental implants.
0062 FIG. 2 is a flowchart depicting another prior art
system for planning and delivering dental implants.
0063 FIG. 3 is a flowchart of steps of an embodiment of a
method of planning and delivering a dental prosthesis to a
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patient using a Surgical guide produced by a multi-axis mill
ing machine, according to the present disclosure.
0064 FIG. 4 is a flowchart of steps of an embodiment of a
method of planning and delivering a dental prosthesis to a
patient using a Surgical robot, according to the present dis
closure.

0065 FIG. 5 is an example of a three-dimensional recon
struction of a patient's oral structures derived from computed
tomography (CT) scan data.
0066 FIG. 6 is a computer display showing an example of
a virtual treatment plan produced using the NobelGuide TM
system.

0067 FIG. 7 is a computer display showing a bone density
software tool (Simplant).
0068 FIG. 8 is a display of a machined master model
(MMR) after virtual extraction of the four incisors.
0069 FIG.9 is a display of the same MMR covered with a
laboratory made Surgical guide.
0070 FIG. 10 is a view of an embodiment of a calibration
transfer template (CTT); the left panel depicts a top view of
the CTT, while the right panel depicts side, sectional views of
the CTT taken at different positions across the CTT, as
depicted by the arrows. The bottom panel illustrates one
example of an alignment of the CTT and the MMR.
0071 FIG. 11 is a view of a surgical guide, including drill
guides, produced by the NobelGuide TM surgical system.
0072 FIG. 12 is view of an extraction with simultaneous
implant placement using a Surgical guide fabricated from a
MMR after virtual extraction, as performed using the Nobel
Guide TM surgical system.
0073 FIG. 13 is a radiographic side view of a patient's
skull and/oral structures, and one example of extra-cranial
Support placements (open white shapes overlying the radio
graph) when performing Surgery on the upper jaw.
0074 FIG. 14 is a radiographic side view of a patient's
skull and/oral structures, and one example of extra-cranial
Support placements (open white shapes overlying the radio
graph) when performing Surgery on the lower jaw.
0075 FIG. 15 is a radiographic side view of a patient's
skull and/oral structures, and an example of an intra-oral
Support fixated with orthopedic screws, one facial and two
lateral, for use when performing Surgery on the upper jaw.
0076 FIG. 16 is a radiographic side view of a patient's
skull and/oral structures, and an example of an intra-oral
Support fixated with orthopedic screws, one on the Symphysis
and two on oblique branches of the mandible, for use when
performing Surgery on the lower jaw.
0077 FIG. 17 illustrates certain embodiments of systems
and methods of the present invention, in the form of a flow
chart of exemplary modules and exemplary flows of inputs
and outputs to and between them.
DETAILED DESCRIPTION OF THE INVENTION

0078 Conceptually, there are several phases involved in
the designand delivery of dental prostheses. Generally speak
ing, the over all process can be broken into several interde
pendent phases that include, without limitation, evaluation of
the patient, treatment planning, manufacture of the prosthe
sis, Surgical procedures to prepare the patient's oral structures
to receive the prosthesis, and finally, delivery of the prosthe
S1S.

0079. In certain prior art systems, such as the systems in
FIG. 1 and FIG. 2, part of the initial evaluation of the patient
involves CT scanning to determine the location and quality of

the underlying bony components of the patient's jaw around
the intended surgical site. For example, in the NobelGuide TM
system, CT imagery of the patient's oral structures, and a
marked denture, are merged using computer Software to pro
duce a “virtual representation of the patient's surface oral
features, in relation to the underlying hard tissue such as bone
and existing teeth. If desired, existing prosthetics can be
included in the CT scan as long as they are made of materials
that do not generate significant scatter artifact.
0080. This virtual representation is then imported into
treatment planning Software. Here, a dental professional
plans the placement of osteotomy holes in the patient's gum
and jaws that will receive dental implant posts. The dental
prosthesis is ultimately mounted on these implant posts. The
procedure can involve the placement of a single hole adapted
to receive a single implant where an individual tooth is to be
replaced, or multiple holes where multiple prosthetic teeth, or
a row of prosthetic teeth are to be installed.
I0081. In the prior art systems, the virtual treatment plan is
generally exported to an offsite facility where a Surgical guide
is manufactured by Sterolithography. Depending on the com
plexity of the object to be made, Sterolithography can take
anywhere from a few hours to more than a day to complete.
Once completed, the Surgical guide is packaged and returned
to the dental professional.
I0082. The surgical guide is used as a template both for the
making of a master cast from which the prosthesis is derived,
as well as for performing the Surgical procedure. The guide
includes drill guides, typically metal bushings that define the
angle and depth to which an osteotomy hole will be drilled in
the patient's jaw during the Surgical step.
I0083. In performing the surgery, the dental professional
places the guide on the patient's gum, attempts to confirm
proper registration of the guide with the gum structure, and
then anchors the guide in place by drilling into the jaw and
then anchoring the guide with mounting screws. As the Sur
gical guide provides the treatment plan, key to the Success of
the procedure is the fit of the surgical guide. Unfortunately,
due a number of factors, fit can sometimes be a problem.
These include problems with the CT data related to artifacts,
or lack of fidelity due to data optimization between scan
layers, poor fit between the soft tissues of the patient and the
hard master cast, etc.

I0084. In addition, since the surgery can take place at a
significant time after the original CT scan and other measure
ments were taken to provide the data to produce the guide,
there is always a risk that on the day of Surgery the guide will
not fit well, due to changes in the soft tissue overlying the jaw
bones. In addition, since Sterolithography resin materials are
generally sensitive to moisture, changes in the shape of the
guide itself can occur, reducing the fidelity of fit to the patient.
I0085. Therefore, embodiments of the present disclosure
are directed towards a system and apparatus for use in plan
ning treatment, performing Surgery, manufacturing a dental
prosthesis, and delivering the prosthesis to a patient, with
high fidelity, and in a minimum time period. In particular, the
described embodiments are adaptable to a system where a
patient is scanned, the treatment parameters determined, and
the surgery performed within a single day. FIGS. 3 and 4,
provide flowchart examples of processes of planning and
delivering dental implants and prostheses that improve upon
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the prior art. It will be understood that any of the disclosed
embodiments are merely exemplary, and as such do not limit
the scope of the disclosure.
Patient Imaging
I0086. As with prior art dental implant treatment systems,
in the system of the present disclosure, information regarding
surface and bone structures of the patient's oral and facial
regions are important in implantation planning, execution of
the implantation plan, and the manufacture and delivery of the
finished endosseous implants and prosthesis.
0087. In certain embodiments, bone structures are imaged
by a bone imaging module. In some embodiments, the bone
imaging module includes a CT system. In certain embodi
ments, imaging can be of the patient's mandible, maxilla, or
both, and can include the entire bony structure of the jaw or a
portion thereof. In certain embodiments, imaging can include
additional bones of the skull of the patient outside the oral
regions proper. An example of a CT image is provided in FIG.
5.

0088 Various CT modalities are available that are useful
in conjunction with the present system. For example, in some
cases traditional spiral CT can be used. In some cases, it can
be desirable to use other imaging modalities, for example and
without limitation, cone beam CT. The precise type of imag
ing is not necessarily limiting to the embodiments of the
present disclosure.
0089. In certain embodiments, surface imaging can be
achieved by optical coherence tomography (OCT) tech
niques. In certain OCT techniques, an optical fiber splitter
splits light from a broadband light source into optical fibers,
one of the optical fibers directing light to a sample (e.g., an
oral Surface and a facial Surface) path and another of the
optical fibers directing light to a reference path mirror. A
distal end of the sample path fiber can interface with a scan
ning device, or the like, and light reflected from the scanning
device can be recombined with the signal from the reference
mirror to form interference fringes that provide for precise
depth-resolved imaging or optical measurements. Certain
OCT techniques can measure spatially resolved backscat
tered intensity with a resolution on the order of a few
micrometers.

0090 Certain OCT techniques, such as Fourier domain
OCT (“FD-OCT), can achieve a high sensitivity image and
a rapid imaging speed. Certain OCT techniques, such as
polarization sensitive Fourier domain OCT (“PS-FD-OCT'),
can reveal birefringence, diattenuation, and polarization Sam
pling by measuring a change in polarization state. The imple
mentation of polarization sensitivity into FD-OCT is known
in the art. Certain FD-OCT systems which implement polar
ization sensitivity can comprise dual-channel detection paths,
with two separate spectrometers, two separate line-scan cam
eras, or two separate lines on an area-scan camera to capture,
in parallel, the spectral interferogram for two orthogonal
polarization modes. Certain Swept Source implementations of
PS-FD-OCT can employ two detection channels in a configu
ration similar to time-domain polarization sensitive OCT.
0091 Certain OCT techniques can involve, e.g., a light
Source comprising a Ti:Al-O mode-locked femtosecond
laser operating at, e.g., a 88-MHZ pulse repetition rate, a
center wavelength wo=830 nm, and spectral bandwidth
A=55 nm Full Width Half Maximum (“FWHM). Light that
exits the Source path can be collimated in open air and
injected into an interferometer with an achromatic micro

Scope objective, giving a Gaussian beam profile with a
FWHM diameter of 2 mm. In certain OCT techniques, a
spectrometer can be used to monitor source spectral quality,
the spectrometer detects the incident spectrum as sampled. In
certain OCT techniques, viewing of the incident beam loca
tion on the tissue specimen can be achieved with, e.g., visible
red light (wo=660 nm), emitted by, e.g. a diode laser coupled
into a multimode fiber, collimated, and combined with the

Source beam by a dichroic mirror. A Glan-Thompson prism
polarizer can be oriented at 45° to ensure that light injected
into the interferometer has equal amplitudes and Zero relative
phase in horizontal and vertical polarization channels. The
angular orientation of all PS-OCT polarization elements can
be measured clockwise with respect to the horizontal plane (x
axis) viewed along the beam propagation direction (Z axis);
the y-axis is parallel to the Earth's gravitational field. Certain
OCT techniques can be performed with continuous-wave
light without the need for ultrashortlaser pulses. For instance,
in low-coherence reflectometry, the coherence property of
light returning from an imaged sample provides information
on the time-of-flight delay from reflective boundaries and
backscattering sites in the sample. Optical coherence tomog
raphy's resolution is limited only by the coherence length of
the optical source. Certain OCT techniques can be performed
with a fibre optic Michelson interferometer illuminated by
low-coherence light from, e.g., a Super luminescent diode
(SLD) which operates at a wavelength of 830 nm and at an
optical power of 20 uW.
0092. In certain embodiments, the light source can be a
high speed scanning laser HSL-2000 with an instantaneous
coherence length of over 10 mm. The swept laser source
includes emitted light with a mean frequency of the output
spectrum that varies over time. The mean frequency of light
emitted from the Swept Source may change continuously over
time at a tuning speed that is, e.g., greater than 100terahertz
per millisecond and repeatedly with a repetition period. A
swept laser Source may be any tunable laser source that rap
idly tunes a narrowband Source through a broad optical band
width. The tuning range of a Swept source may have a tuning
range with a center wavelength between, e.g., approximately
500 nanometers and 2000 nm, a tuning width of approxi
mately greater than 1% of the center wavelength, and an
instantaneous line width of less than approximately 10% of
the tuning range. In certain embodiments, a Swept laser
Source is coupled to an electro-optic polarization modulator
to modulate the polarization state of the Source light periodi
cally in time between two semi-orthogonal polarization
States.

0093. In certain embodiments, surface imaging can be
achieved by optical imaging, Such as with a camera. In certain
embodiments, the camera can record images on film. In cer
tain embodiments, the camera can record images in digital
format. In certain embodiments, a camera can be configured
to record images with visible light, UV light, blue light, red
light, infrared light, or combinations thereof. In certain
embodiments, Surface imaging can be achieved by acoustic
imaging. Such as ultrasound imaging.
0094. In certain embodiments, surface imaging can be
achieved by photoacoustic imaging, in which non-ionizing
laser pulses are delivered to imaged surfaces. In certain
embodiments, Surface imaging can be achieved by thermoa
coustic imaging in which radio frequency pulses are delivered
to imaged Surfaces. In certain embodiments of photoacoustic
and thermoacoustic imaging. Some of the delivered energy is
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absorbed by the imaged service and converted into heat,
which means to transient thermoelastic expansion and a
wideband (e.g. MHz) ultrasonic emission. The generated
ultrasonic waves can be detected by ultrasonic transducers
and processed to form images. In certain embodiments of
photoacoustic imaging and thermoacoustic imaging, the
magnitude of the ultrasonic emission, which is proportional
to the local energy deposition, reveals physiologically spe
cific optical absorption contrast from which 2-D or 3-D
images of the targeted areas can then be formed.
0095. In certain embodiments, surface imaging, bone
imaging, or combinations thereof can be achieved by CT,
magnetic resonance (MR) imaging, X-ray imaging, or com
bination thereof.

0096. In certain embodiments, the imaging devices be
configured to mount on an endoscope. In certain embodi
ments, the camera can be configured to be held by a human
hand. In certain embodiments, the camera can be configured
to mount on a stabilizing apparatus. Such as a tripod.
0097. In certain embodiments, service and bone imaging
can include a step in which all pre-existing, removable metal
containing prostheses are removed from the imaged facial
and/or all region of the patient prior to imaging in order to
reduce the likelihood of scatter artifact. Where the patient has
a small edentulism with stable natural occlusion, the scan can

be performed without a removable scanning prosthesis, as the
existing teeth are adequate to place the mandible and maxilla
in a position representative of the patient's normal occlusion.
0098. Where the patient has a large or complete edentu
lism, the scan can be performed with an all-acrylic functional
removable prosthesis or with a functional acrylic replica. A
functional prosthesis is defined as one where the prosthesis
incorporates an accurate reproduction of the edentulous ridge
mucosa (or gum), and an accurate and esthetically acceptable
occlusal relation with the other arch. Thus, the acrylic replica
simulates the space occupied by a normal set of teeth, and
places the mandible and maxilla in a relatively normal posi
tion for the purposes of the scan. Those of skill in the art will
readily appreciate that various functional replicas will be
useful in practicing the methods of the present disclosure.
0099 Prior to scanning with a functional replica, several
X-ray labels (e.g., SurmarkTM labels) can be evenly placed on
the functional replica portion contacting the mucosal ridge
crest. The patient can then be scanned with the replica in
place. During scanning the patient instructed to apply mod
erate biting force on the replica so that the oral structures
remain relatively compressed. Where the patient has an
unstable bite, a silicone bite block can be used during scan
ning to aid in maintaining a stable configuration of the oral
Structures.

0100. In addition to imaging the underlying bony struc
tures, the Surface contours of at least a portion, and sometimes
all, of the patient's oral structures are obtained by way of a
Surface imaging module. There are various methods of
acquiring Surface contour information, and various types of
Surface imaging modules that are useful in the context of the
present disclosure.
0101. In some embodiments, the surface contours of least
a portion of the patient's oral structures can be performed.
Various ways of accomplishing this are possible, one of
which is disclosed in U.S. Pat. No. 5,343.391 (Mushabac), by
laser optical surface scans (Soncul et al., J. Oral Maxillofac.
Surg., 2004, 62: 1331-1140), or using a stereo multi-camera
3-D photographic system. In some embodiments, Optical

Coherence Tomography (OCT) can be used to image oral
structures (Otis et al., J. Am. Dent. Assoc. 131: 511-5.14). The
contents of each of these references are incorporated by ref
erence in their entireties.

0102. In some embodiments, the dental professional will
make a casting of the patient's oral structures, and imaging of
the cast can be performed to acquire information related to the
patient's oral Surface contours.
0103) Regardless of the method employed, the result will
be the acquisition of information related to the three-dimen
sional (3-D) relationship of the patient’s existing teeth (if any)
and gingiva. In some embodiments, the casting can include an
occlusion marker to provide information regarding the rela
tive meshing of the patient's upper and lower dentition.
Treatment Planning
0104. Once data representing the surface contours of the
patient's oral structures, as well as the underlying bony struc
tures have been obtained, a computer Software algorithm is
used to merge the two datasets. The merged dataset provides
a 3-D representation of both the surface and underlying struc
tures. The merged data can then be used to provide a virtual
3-D representation of the patient’s bony structures (derived
from CT scanning) and Surface features (from optical or other
scanning methods)—i.e., a 3-D virtual patient reconstruction.
The 3-D representation can conveniently be displayed on a
computer screen or other visual display, and displays the
gingiva, teeth, if any, and bony structures. The software will
also permit manipulation of the displayed image to allow
virtual rotation of the “patient' in any axis. Being able to
rotate the virtual “patient' permits the dental professional to
more effectively plan hole locations and trajectories by being
able to assess bony structures from multiple angles. This will
in turn result in the optimization of implant location and
stability when implants are Surgically placed in the patient's
JaW.

0105 For patients with a small edentulism, mapping can
be done with the aid of the crowns of existing teeth. For
patients who are largely or completely edentulous, mapping
can be done with the aid of X-ray markers, which are visible
on both the CT and optical scans.
0106 The next step in the process involves developing the
virtual treatment plan. Generally, the treatment plan will
include determining the location, angle (trajectory), depth,
orientation of implant head, and width, of holes to be created
in the patient's jaw during the Surgical phase of the process. In
Some embodiments, the treatment plan can be a virtual treat
ment plan, created using computer algorithms that permit the
virtual placement of one or more “implants' in a 3-D repre
sentation of the patient's jaws and/or oral Surface contours.
An example of a treatment plan display is provided in FIG. 6.
0107. In planning treatment, the dental professional is pro
vided a number of possible virtual operation choices. For
example, where a patient has a Small edentulous region, the
space can be virtually reconstructed by selecting an appropri
ately sized and shaped “tooth' from a database library. Where
one or more teeth are to be extracted, the socket size can be

estimated from the root shape. Thus, implants from the library
can be conceptually “placed according to the estimated
existing alveolar Volume and socket size following virtual
extraction.

0108. In some embodiments, the system will include an
assistant module. The assistant module will generally com
prise a Software program that receives inputs from the CT
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scanner or other devices, and outputs information about bone
density or other relevant structural information with relation
to the intended site of implantation. The assistant module can
be further programmed to automatically select a most prefer
ential implant site, or to warn the Surgeon about possible
problems with nerves or other objects one would wish to
avoid damaging during Surgery. For example, the assistant
module could provide the dental professional with an output
related to bone quality that relates to bone density (e.g.,
Hounsfield unit map), as shown in FIG. 7. In some embodi
ments, a treatment planning module and an assistant module
can be the same.

0109. In some embodiments, the treatment planning mod
ule could be entirely automated, such that based on the CT
scan and Surface imaging data, the planning module could
plan the placement of dental implants based on the same
“rules” a dental professional would use in determining where
best to place an implant.
0110. In some embodiments, the treatment planning mod
ule can be used to perform a virtual extraction of a tooth, or
teeth. This feature allows for simultaneous extraction,

implant placement, and prosthesis delivery. None of the prior
art systems provide this capability.

Machined Master Replica
0111. It is to be understood that any and all references to
the use of any machine, for example any computer-numerical
controlled multi-axis milling machine (CNC), in the descrip
tion that follows are merely exemplary, and are not in any way
limiting to the scope of the disclosure or claims. Thus, any
apparatus or device that is able to perform any steps of any
method or to produce any object as described herein is
intended to fall within the scope of the invention.
0112. In some embodiments, the virtual treatment plan
will be used in the production of a replica of the patient's oral
structures. In some embodiments, a pre-shaped resin block
can be mounted on a computer-numerical controlled multi
axis milling machine (CNC1), although any machine capable
of shaping objects can be used. The block can be pre-shaped
to permit reproducible placement of the resin block on the
CNC1, such that a number of manipulations involving either
the CNC1 or other dental laboratory procedures can be per
formed on the resin block while maintaining registration of
the physical block with the virtual treatment plan.
0113. After mounting the block on the CNC1, milling of
the resin block can be performed to produce a milled block
that replicates the patient's oral surface features. While the
underlying bony or other tissue information is not milled into
the block, the system nevertheless includes data correspond
ing to the position of underlying structures relative to the
Surface features, as well as data related to the treatment plan
developed with the treatment planning Software.
0114. The relevant clinical data of a patient (e.g., teeth,
edentulous ridges, gums, and “virtual extractions”) can be
reproduced on the resin block using the CNC1. Next, implant
analogs (replicas of the Surgical implants will be installed in
the patient's jaw) can be placed into the machined resin block
according to the virtual treatment plan. In some embodi
ments, placing of the analogs involves first drilling holes into
the resin block of a diameter, depth, trajectory, and implant
head orientation, based on that determined during virtual
treatment planning. The placement and positioning of the
analogs can be controlled by the CNC1, acting on instructions
received from the treatment planning software. An example
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of a simulated replica with mounted analogs is provided in
FIG. 8. The oral structures represented in FIG. 8 are made
from a cast, but replicate what a machined replica with
installed analogs would look like.
0115 The result is a model of the patient's oral structures,
with implants installed. This model is termed a machined
master replica (MMR). The MMR can be placed in a semi
adaptable articulator along with a functional prosthesis
acrylic replica to confirm proper occlusion.
0116. The MMR provides several advantages over prior
art methods of making oral replicas. The MMR can be made
of a variety of materials that are stable and easy to work with.
For example, the MMR can be made from a resin blank
immediately upon completion of the treatment planning.
Unlike prior art methods of casting, no time is required to wait
for the casting material to harden. In addition, the use of an
MMR avoids the need to wait for the availability of the 3-D
printed Surgical guide, which prior art methods use in the
manufacture of the prosthesis.
0117. In addition, as the virtual treatment plan includes in
its database the relationship between the surface features, and
the underlying bony structures into which the implants will be
installed, the dental professional can use an MMR as a prac
tice model on which to replicate the treatment plan to confirm
the esthetic and functional quality of the treatment plan, prior
to delivering the prosthesis to a live patient.
0118. In some embodiments, the MMR can be used as a
template with which to fashion a prosthesis. In making the
prosthesis, traditional laboratory methods can be used.
0119 The MMR can also be used in order to fashion a
Surgical guide, as shown in FIG. 9. The Surgical guide can be
molded using the MMR as a template. Since the guide is
being molded from the MMR, materials such as self-curing
polymers or plastics can be used as the mold material. This
will avoid problems due to the nature of materials used to
make Surgical guides by sterolithography. For example, in
Some embodiment, the Surgical guide can be made from
materials that are not adversely affected by moisture, or UV
light, and which are chemically stable enough to permit ster
ilization by autoclaving, or alternatively, by chemical steril
ization methods. Surgical guides can also be fashioned from
metal, or heat resistant plastic as well. Further, since an MMR
can be rapidly made, it is possible to produce several identical
MMR replicas, thus allowing different aspects of the proce
dure to be performed at the same time. For example, with
three MMRs, one can be used to manufacture a surgical
guide, one can be used for practicing the Surgery, and one
could be used to manufacture the prosthesis, all of which
could occur essentially simultaneously. The MMR can also
be used for simulating tooth extractions.
0.120. After making a surgical guide using the MMR as a
template, drill guides can be placed into the Surgical guides.
In some embodiments, drill guides comprise generally open
tubes with alumen of a pre-selected diameter. The drill guides
can be mounted into the Surgical guide, as shown in FIG. 9.
where they define the location and trajectory of the hole to be
placed in the patient's jaw and which receives the implant.
The central hole in the drill guide is sized large enough to
accommodate the desired drill bit without resulting in binding
of the bit in the sleeve while the drill is operating. Binding of
the drill bit in the guide can cause excessive friction which in
turn leads to heat generation during the drilling process.
Excessive heat can damage adjacent tissues, and so the drill
guide must be sized to allow free rotation of the drill bit. Drill
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guides can be fashioned from a number of Suitable materials,
including, without limitation, Surgical steel, ceramics, poly
mers, and the like.

0121. In some embodiments, a treatment planner can com
prise a human being. In some embodiments, a human treat
ment planner can provide input by, e.g., marking a planned
hole parameter on a virtual or physical 3-D representation at
the planned location site of an endosseous implant with, for
instance, a computer marking device, e.g., amouse or a touch
screen device or a physical marking device, e.g., a pen, a
pencil, or a chisel, respectively. In some embodiments, a
treatment planner can comprise a computer program. In some
embodiments, a computer treatment planner can provide
input by, e.g., directing the marking a planned hole parameter
on a virtual or physical 3-D representation at the planned
location site of an endosseous implant with, for instance, a
computer marking device or a physical marking device,
respectively.
Calibration Template
0122. In some embodiments, a CTT is produced, as shown
in FIG. 10. The CTT will generally be fashioned from a rigid
material, and will include three or more calibration marks,

which can be in the form of depressions placed at various
locations on a surface of the CTT. In some cases the CTT is

roughly triangular in shape and includes calibration marks
arranged near each vertex of the CTT.
(0123. The CTT can be adapted to the MMR using silicone
or other suitable adhering material. Once the CTT has been
immobilized relative to the MMR, the combination of replica
and calibration template are mounted on a CNC1 machine.
The CNC1 machine is then used to record to relative position
of the calibration marks in the CTT, and this data is included

in the virtual treatment plan data. In some embodiments,
recorded positional calibration data and the CTT are later
used to calibrate a second CNC machine, for example, a
CNC2 machine, which can be used in performing the Surgery,
as well as in the installation of the prosthesis.
Surgical Procedures
0.124 Prior art methods of surgical delivery of implants
generally employ a common approach. A Surgical guide is
mounted on the patient's jaw. The Surgical guide includes drill
guides that direct the dental professional's hand in terms of
location and trajectory of holes to be drilled into the jaw and
into which implants will eventually be mounted. An example
of a Surgical procedure using a physical guide is shown in
FIG 11.

0.125. In some embodiments of the present disclosure a
surgical guide, like that shown in FIG. 9, can be produced
using the MMR. The surgical guide includes one or more drill
guides corresponding to desired locations for performing an
osteotomy according to the treatment plan. The Surgical guide
can be mounted in the patient's mouth by standard proce
dures. Unlike prior art guide produced by Sterolithography,
the Surgical guide of the present disclosure is produced using
the MMR as a template, and can be made from materials more
Suitable for use in an aqueous, and preferably hygienic work
ing environment. This provides, among other things, a better
fitting Surgical guide, and one that can be produced nearly
immediately after completion of the treatment planning
phase.
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0.126 Where a surgical guide device is used, the dental
professional will place the device in the patient's mouth,
confirm correct alignment, then fix the Surgical guide in place.
The dental professional then uses an appropriate sized drill bit
to form the holes in the jaw into which the implants are
Subsequently placed. An example of a Surgical guide in place,
with the osteotomy complete, and the implant in position for
delivery is shown in FIG. 12. In some embodiments, a guide
module and a bifurcation module can be the same device.

I0127. The surgical guide is designed to ensure that the hole
drilled follows the desired path and extends to the desired
depth, as determined in the treatment plan. Once the holes are
drilled, the dental professional can then install the implants
into the holes. In some embodiments the implant is threaded,
and thus is screwed into the newly formed hole. Other shapes
and configurations are also useful in conjunction with the
methods described herein, and so the particular style of
implant is not considered to limit the disclosure in any way.
The implants themselves can be made from a variety of mate
rials that are biocompatible, and which will encourage bone
growth around the implant in order to further stabilize it.
I0128. In some embodiments, for example the method out
lined in FIG. 4, a Surgical guide is not used, but instead
Surgery is performed directly by a Surgical robot, pro
grammed with information in the treatment plan. Where
'guideless' Surgery is performed, treatment planning, Sur
gery, and delivery of the prosthesis can be done in a com
pletely virtual environment. In this case, to ensure accuracy of
the process, the anatomical structures of the “live” patient,
and those of the “virtual patient can be calibrated with
respect to each other.
I0129. This can be done in several ways. In one example,
the CTT and MMR coupled to each other, and then probed by
the CNC1 machine. The CNC1 determines the relative posi
tion of calibration marks included on the CTT, and maps the
position of those marks with respect to analogous calibrations
on the MMR. Note that the position of underlying (i.e., non
surface) structures have already been mapped relative to the
surfaces features as represented in the MMR. Thus, the cali
bration process provides data that relates the Surface features,
the underlying structures, and the treatment plan, to produce
a comprehensive dataset that allows the CTT to calibrate, for
example, a CNC2 machine so that it can accurately replicate
the treatment plan on the live patient.
0.130. In some embodiments, the calibration marks can be
hemispherical depressions in the CTT that match the shape of
a probe end on an arm of the CNC1 machine, as illustrated in
FIG. 10. The precise shape size and location of calibration
marks on the CTT are not limiting, nor is the precise structure
of the probe mechanism on the CNC1 machine.
I0131 The CNC2 machine can be configured to move a
drill bit along a trajectory with respect to the patient's oral
structures, and to drill holes in the patient's jaw to a pre
determined depth, based on the virtual treatment plan. Using
a CNC2 surgical robot permits automated surgery without the
need for a Surgical guide device. In this way, any error in
positioning a Surgical guide in the patient's mouth can be
avoided and thus the procedure can nearly perfectly repro
duce the treatment plan on the patient. It will be understood
that the use of a CNC2 machine as a surgical robot is merely
an example, and is not limiting to the scope of the disclosure.
Any Surgical robot, or like device, that can perform any step
or produce any product as described herein, is considered to
be included within the scope of the present disclosure. Thus,
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in some embodiments, a single machine Suitably equipped, is
able to performall the tasks as described herein. Accordingly,
the use of separate CNC1 and CNC2 machine is merely
exemplary and does not limit the disclosure in any way.
0132. In performing Surgery using a Surgical robot it
Sometimes useful to provide the Surgical robot, for example a
CNC2 machine, with an accurate 3-D frame of reference with

respect to the patient's oral structures. As discussed, one
aspect of this involves the accurate calibration of the CTT
with respect to the MMR and the treatment plan. In addition,
the patient's head must be secured relative to the CNC2 sur
gical robot, such that the frames of reference between the
CTT, the patient, and a CNC2 machine are maintained in
registration throughout the Surgery.
0133. In some embodiments, stable, externally located
cranial supports are used to immobilize a CNC2 machine
relative to the patient’s skull and/oral structures. As shown,
Supports can be used to immobilize either the upper jaw or the
lower jaw. In some cases both upper jaw and lower can be
immobilized.

0134. Where surgery is to be performed on the upper jaw,
it is Sufficient to use a number of extra-oral Supports, as the
upper jaw is anatomically fixed relative to the skull, as illus
trated in FIG. 13. When performing lower jaw surgery, it can
be advantageous to use both extra-oral Supports as well as
intra-oral Supports, as shown in FIG. 14.
0135 The extra-cranial support system is effective to
couple the 3-D frames of reference of the CNC2 surgical
robot, the CTT, the treatment plan, and the patient. The con
nection can be released if desired, for example, if the need
arises to abort the Surgical procedure for safety or other rea
SOS,

0136. Where this external support system is not suffi
ciently stable, for example, due to unusual anatomical fea
tures of the patient, a modified Support system can be used. In
one example, the Support can be fixed intra-orally by three
Small arms fixated to the jaw through the mucosa using ortho
pedic fixation screws, for example 1.5 to 3 mm diameter and
5 to 10 mm long screws, as illustrated in FIGS. 15 and 16.
0.137. Once the patient has been immobilized relative to
the surgical robot, for example, a CNC2 machine, the 3-D
frames of references can be aligned, such that the CNC2
machine is in registration with the location of the patient's
Surface features, the underlying bony structures, and the treat
ment plan. In one example of a method for aligning the patient
and the surgical robot, the CTT is placed in the patient's
mouth, and a robotic arm of the CNC2 can be used to map the
location of the calibration marks on the CTT. As these cali

bration marks were previously mapped and recorded relative
to the MMR, once the calibration of the CNC2 is complete,
the CNC2 will possess an accurate relative map of the orien
tation of the patient's oral structures, as represented by the
MMR, as well as the location of underlying structures present
in the virtual patient representation (VPR), as well as the data
corresponding to the treatment plan.
0138 Calibration can include additional checks to ensure
the fidelity of the alignment between the VPR and the
patient's actual oral structures. In some embodiments, a
check procedure can include directing the CNC2 probe to
touch various pre-determined locations within the patient's
mouth. In patient's with teeth, these could be specific spots on
an existing tooth. Here the Surgeon could easily confirm that
the CNC2 was able to precisely locate specific positions, thus
confirming the fidelity of the calibration procedure. In eden

tulous patients, other markers could be used. For example,
Small minimally invasive marker devices could be planted at
various points along the gums, and the CNC2 could be
directed to touch those points to confirm the calibration is
acCurate.

(0.139. Once the CNC2 has been calibrated, the osteotomy
can take place. Various procedures are available, including
both “flap' and “flapless’ surgery. When flap surgery is used,
a portion of the overlying gum tissue is dissected and peeled
back to give the dental professional direct access and a view
of the underlying bone. When flapless surgery is used, the
dental professional can, optionally, use a round tissue punch
to remove soft tissue overlying the bone at the intended
implant site, exposing the bone beneath. In some methods, the
dental professional can drill directly through the mucosa.
0140. Once access to the underlying bone is achieved, a
surgeon can drilla hole for an implant. Holes can be drilled by
the Surgeon using a Surgical guide made as described above.
In some cases, the drilling of holes will be performed by the
CNC2 surgical robot. Using the CNC2 machine obviates the
need for a Surgical guide device as all of the treatment plan
parameters are programmed into the Software that directs the
CNC2 machine. Therefore, the CNC2 machine will be

directed to drill holes in the patient's jaw at a pre-determined
trajectory, and to a pre-determined depth. The caliber of the
hole will be dictated by the drill bit used.
0.141. In some embodiments, the operator will manually
change the drill bit mounted on the CNC2 drill head accord
ing to the treatment plan. In some embodiments the tool
selection can also be made to be automatic, such that the

CNC2 machine includes additional capabilities to change
tools according to software directions included in the treat
ment plan data.
0142. The CNC2 machine can include, without limitation,
other features useful in the Surgical procedure, such as appa
ratus for cleaning out the freshly drilled holes and for remov
ing debris, blood, or saliva, or camera systems to enable
remote viewing or recording of the procedure. The CNC2 can
also include display capabilities that output various param
eters such that the Surgeon can monitor progress of the treat
ment plan. The CNC2 can also include an emergency inter
rupt system so that in case of emergency the Surgery can be
safely and quickly paused or terminated. The Surgical robot
can operate regardless of the orientation of the patient's head.
Installing the Prosthesis
0143. Once the implant holes are completed and cleaned,
the CNC2 machine can also be used to deliver the prosthesis.
As the CNC2 includes in its programming the entire treat
ment plan, including the shape and intended placement of the
prosthesis, it can be readily adapted to put the prosthesis in
place, as well as complete any other functions associated with
the installation. Installation of the prosthesis by the CNC2
Surgical robot can include, without limitation, placing the
prosthesis on the implant abutments and then fastening the
prosthesis to the implant(s). In some embodiments abiostable
adhesive is used to affix the prosthesis to the implant. In some
embodiments, the prosthesis can be affixed by fasteners such
as screws and the like. In some embodiments a prosthesis can
additionally be anchored to pre-existing teeth.
Flow Chart

0144. As illustrated in FIG. 17, certain systems of the
present invention provide for planning an oral or facial endos
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Seous implantation in a patient, and comprise a processing
module 40; a bone imaging module 10 that communicates
bone data to the processing module 40, the bone data repre
sentative of at least a portion of a bone of the skull of the
patient; a surface imaging module 20 that communicates
Surface data to the processing module 40, the Surface data
representative of at least a portion of a Surface, of the patient,
that is apart from the bone. In certain embodiments, a single
module can comprise both the bone imaging module and the
Surface imaging module. In certain embodiments, the pro
cessing module 40 processes bone data and Surface data into
an output comprising three-dimensional (3-D) representation
data 60 indicative of at least one of an oral structure and a

facial structure of the patient.
0145. In certain embodiments, a fabrication module 70.
produces, based on the 3-D representation data 60 and/or
inputs from a treatment planning module 90, a physical model
90 of the at least one of the patient's oral structure or facial
structure, the model indicating a planned location of an
endosseous implant. In some embodiments, a treatment plan
ning module 50 outputs, based on a combination of the 3-D
representation data 60 and input received from a treatment
planner, information, e.g., a treatment plan, to a machine
readable medium, the treatment plan comprising a parameter
for a planned hole in the portion of the bone; wherein the
planned hole is configured to receive the endosseous implant.
In some embodiments, the parameter comprises at least one
of a spatial location, a depth, a diameter, and an angular
orientation of the planned hole. In some embodiments, a
surgical module 80 guides, based on the 3-D representation
data, implantation of an endosseous implant in the patient.
0146 In some embodiments, the treatment planning mod
ule 50 outputs, based on a combination of the 3-D represen
tation data 60 and data input received from a treatment plan
ner 30, a treatment plan comprising a parameter for a planned
hole in the portion of the bone, the planned hole configured to
receive the endosseous implant. In some embodiments. Such
a parameter can comprise at least one of a spatial location, a
depth, a diameter, and an angular orientation of the planned
hole. In some embodiments, the treatment planner 30 can
comprise a human being and/or a computer program. In some
embodiments, the treatment planning module 50 can, in
response to input from the treatment planner 30 and/or the
3-D representation data 60, output information, e.g., a treat
ment plan, to a fabrication module 70 or to surgical module
80. In certain embodiments, the fabrication module 70, based

on the information from the treatment planning module 50
and/or the 3-D representation data 60, produces the physical
model 90. In certain embodiments, a prosthetic dental object
110, e.g., an implant, a prosthetic tooth, or a combination
thereof, can be formed, at least in part, based on the physical
model 90. In certain embodiments, the surgical module,
based on outputs from the treatment planning module 50
and/or the 3-D representation data 60, implants, or direct the
implantation of the prosthetic dental object 110 in the
patient.
0147 The skilled artisan will recognize the interchange
ability of various features from different embodiments. Simi
larly, the various features and steps discussed above, as well
as other known equivalents for each Such feature or step, can
be mixed and matched by one of ordinary skill in this art to
perform compositions or methods in accordance with prin
ciples described herein. Although the disclosure has been
provided in the context of certain embodiments and

examples, it will be understood by those skilled in the art that
the disclosure extends beyond the specifically described
embodiments to other alternative embodiments and/or uses

and obvious modifications and equivalents thereof. Accord
ingly, the disclosure is not intended to be limited by the
specific disclosures of embodiments herein.
What is claimed is:

1. A system, for planning an oral or facial endosseous
implantation in a patient, comprising:
a processing module:
a bone imaging module that communicates bone data to the
processing module, the bone data representative of at
least a portion of a bone of the skull of the patient;
a surface imaging module that communicates Surface data
to the processing module, the Surface data representative
of at least a portion of a surface, of the patient, that is
apart from the bone;
wherein the processing module processes the bone data
and the Surface data into an output comprising three
dimensional (3-D) representation data indicative of at
least one of an oral structure and a facial structure of the

patient;
a fabrication module that, based on the 3-D representation
data, produces a physical model of the at least one of the
patient's oral structure or facial structure, the model
indicating a planned location of an endosseous implant.
2. The system of claim 1, wherein a hole in the model
indicates the planned location of the endosseous implant.
3. The system of claim 1, further comprising a Surgical
module that, based on the 3-D representation data, guides
implantation of the endosseous implant in the patient.
4. The system of claim 1, wherein the bone comprises at
least one of the mandible and the maxilla of the patient, and
wherein the Surface comprises an oral Surface.
5. The system of claim 4, wherein the oral surface com
prises a surface of at least one of a gingiva, a tooth, and a
dental prosthetic.
6. The system of claim 1, further comprising a treatment
planning module that, based on a combination of the 3-D
representation data and input received from a treatment plan
ner, outputs a treatment plan to a machine-readable medium,
the treatment plan comprising a parameter for a planned hole
in the portion of the bone;
wherein the planned hole is configured to receive the
endosseous implant; and
wherein the parameter comprises at least one of a spatial
location, a depth, a diameter, and an angular orientation
of the planned hole.
7. The system of claim 6, wherein the treatment planning
module determines, based on at least one of a measured

density, a measured absorption, and a measured intensity of a
region of the portion of the bone, at least one of a number of
planned holes and the parameter.
8. The system of claim 6, wherein the fabrication module
uses the input received from the treatment planner to produce
the physical model.
9. The system of claim 8, further comprising a guide mod
ule that produces a Surgical guide based on the physical
model.

10. The system of claim 8, further comprising the physical
model.

11. The system of claim 9, further comprising the surgical
guide.
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12. The system of claim 1, wherein the surface data are
derived from imaging of a cast of oral structures of the patient.
13. The system of claim 12, wherein the imaging of the oral
structures comprises imaging with at least one of computed
tomography, X-ray, magnetic resonance imaging, optical
imaging, acoustic imaging, and optical coherence tomogra
phy.
14. The system of claim 1, wherein the surface data are
derived from imaging of oral structures of the patient.
15. The system of claim 14, wherein the imaging of the oral
structures comprises imaging with at least one of computed
tomography, X-ray, magnetic resonance imaging, optical
imaging, acoustic imaging, and optical coherence tomogra
phy.
16. The system of claim 1, wherein the bone data are
derived from imaging by at least one of computed tomogra
phy, X-ray, magnetic resonance imaging.
17. The system of claim 1, wherein one imaging device
comprises both the bone imaging module and the Surface
imaging module.
18. The system of claim 1, wherein the fabrication module
comprises a milling machine that produces the physical
model.

19. The system of claim 6, wherein the fabrication module
comprises a milling machine that produces the physical
model.

20. The system of claim 6, wherein the treatment planner
comprises a human user.
21. The system of claim 6, wherein the treatment planner
comprises a computer program.
22. The system of claim 21, further comprising the com
puter program.

23. A system, for planning an oral or facial endosseous
implantation in a patient, comprising:
a processing module;
a bone imaging module that communicates bone data to the
processing module, the bone data representative of at
least a portion of a bone of the skull of the patient;
a Surface imaging module that communicates Surface data
to the processing module, the Surface data representative
of at least a portion of a Surface, of the patient, that is
apart from the bone;
wherein the processing module processes the bone data
and the Surface data into an output comprising three
dimensional (3-D) representation data indicative of at
least one of an oral structure and a facial structure of the

patient;
a Surgical module that, based on the 3-D representation
data, guides implantation of an endosseous implant in
the patient.
24. A method, of planning an oral or facial endosseous
implantation in a patient, comprising:
providing a processing module;
communicating bone data to the processing module, the
bone data representative of at least a portion of the bone
of the skull of the patient;
communicating Surface data to the processing module, the
Surface data representative of at least a portion of a
Surface, of the patient, that is apart from, and near, the
bone;

with the processing module, processing the bone data and
the Surface data into an output comprising three-dimen
sional (3-D) representation data indicative of at least one
of an oral structure and a facial structure of the patient;
with a fabrication module and based on the 3-D represen
tation data, producing a physical model of the at least
one of the patient's oral structure or facial structure, the
model indicative of a planned location of an endosseous
implant
25. A method, of planning an oral or facial endosseous
implantation in a patient, comprising:
providing a processing module;
communicating bone data to the processing module, the
bone data representative of at least a portion of the bone
of the skull of the patient;
communicating Surface data to the processing module, the
Surface data representative of at least a portion of a
Surface, of the patient, that is apart from, and near, the
bone;

with the processing module, processing the bone data and
the Surface data into an output comprising three-dimen
sional (3-D) representation data indicative of at least one
of an oral structure and a facial structure of the patient;
with a Surgical module and based on the 3-D representation
data, guiding implantation of an endosseous implant in
the patient.
26. The method of claim 25, wherein the bone comprises at
least one of the mandible and the maxilla of the patient, and
wherein the surface comprises an oral surface.
27. The method of claim 26, wherein the oral surface

comprises a Surface of at least one of agingiva, a tooth, and a
dental prosthetic.
28. The method of claim 25, further comprising, with a
treatment planning module and based on a combination of
3-D representation data and an input received from a treat
ment planner, outputting a treatment plan to a machine read
able medium, the treatment plan comprising a parameter for
a planned hole in the portion of the bone;
wherein the planned hole is configured to receive the
endosseous implant; and
wherein the parameter comprises at least one of a spatial
location, a depth, a diameter, and an angular orientation
of the planned hole.
29. The method of claim 28, wherein the treatment plan
ning module determines, based on at least one of a measured
density, a measured absorption, and a measured intensity of a
region of the portion of the bone, at least one of a number of
planned holes and the parameter.
30. The method of claim 28, further comprising perform
ing, based on the treatment plan, an osteotomy.
31. The method of claim 28, wherein the surgical module
comprises a robot that, based on the treatment plan, implants
the endosseous implant in the patient.
32. The method of claim 28, wherein the surgical module
comprises a robot that installs a dental prosthesis on the
endosseous implant.
33. The method of claim 25, wherein the surface data are

derived from imaging of a cast of oral structures of the patient.
34. The method of claim 33, wherein the imaging of the
oral structures comprises imaging with at least one of com
puted tomography, X-ray, magnetic resonance imaging, opti
cal imaging, acoustic imaging, and optical coherence tomog
raphy.
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35. The method of claim 25, wherein the surface data are

derived from imaging of oral structures of the patient.
36. The method of claim 35, wherein the imaging of the
oral structures comprises imaging with at least one of com
puted tomography, X-ray, magnetic resonance imaging, opti
cal imaging, acoustic imaging, and optical coherence tomog
raphy.
37. The method of claim 25, wherein the bone data are

derived from imaging by at least one of computed tomogra
phy, X-ray, magnetic resonance imaging.

38. The method of claim 25, wherein one imaging device
comprises both the bone imaging module and the Surface
imaging module
39. The method of claim 28, wherein the treatment planner
comprises a human user.
40. The method of claim 28, wherein the treatment planner
comprises a computer program.
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