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METHOD OF CREATING AN ACCURATE BONE AND SOFT-TISSUE
DIGITAL DENTAL MODEL

FIELD OF INVENTION
[0001] The present invention relates generally to dental implant systems. More
particularly, the present invention relates to methods for creating and using accurate bone and

soft-tissue digital dental models, surgical plans, and surgical guides.

BACKGROUND OF THE INVENTION

[0002] The dental restoration of a partially or wholly edentulous patient with artificial
dentition is typically done in two stages. In the first stage, an incision is made through the
gingiva to expose the underlying bone. After a series of drill bits creates an osteotomy in the
bone, a dental implant is placed in the jawbone for osseointegration. The dental implant
generally includes a threaded bore to receive a retaining screw holding mating components
therein. During the first stage, the gum tissue overlying the implant is sutured and heals as the
osseointegration process continues.

[0003] Once the osseointegration process is complete, the second stage is initiated.
Here, the gum tissue is re-opened to expose the end of the dental implant. A healing component
or healing abutment is fastened to the exposed end of the dental implant to allow the gum tissue
to heal therearound. Preferably, the gum tissue heals such that the aperture that remains
generally approximates the size and contour of the aperture that existed around the natural tooth
that is being replaced. To accomplish this, the healing abutment attached to the exposed end of
the dental implant has the same general contour as the gingival portion of the natural tooth being
replaced.

[0004] During the typical second stage of dental restoration, the healing abutment is
removed and an impression coping is fitted onto the exposed end of the implant. This allows an
impression of the specific region of the patient’s mouth to be taken so that an artificial tooth is
accurately constructed. After these processes, a dental laboratory creates a prosthesis to be
permanently secured to the dental implant from the impression that was made.

[0005] In addition to the more traditional system for placing dental implants described
above, some systems use guided placement of the dental implants. To do so, a surgical guide is
placed in the patient’s mouth at a known location. The surgical guide includes openings for
providing the exact placement of drill bits used to create the osteotomy. Once the osteotomy is
completed, the surgical guide may permit the dental implant to be placed through the same

opening and enter the osteotomy that was guided by the surgical guide.
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[0006] Surgical guides are typically created based on a dental scan (e.g., using a
computed tomography (“CT”) scanner) of the patient’s mouth. A CT scanner provides the
details of the patient’s bone tissue, jawbone, and remaining teeth so that the surgical guide may
be developed based on computer-aided design (“CAD”) and computer-aided manufacturing
(“CAM”). One example of the use of a CT scanner is disclosed in U.S. Patent Publication No.
2006/0093988 to Swaclens et al. (“Swaelens”), which is herein incorporated by reference in its
entirety. Swaelens also describes the use of various tubes that may be placed within a surgical
guide to receive the drill bits and implants. One example of the use of a CT-scan to develop a
surgical plan involving a surgical guide is disclosed in U.S. Patent Application Serial No.
61/003,407, filed November 16, 2007, and described in Biomet 3i’s Navigator™ system product
literature, “Navigator™ System For CT Guided Surgery Manual” that is publicly available, both
of which are commonly owned and herein incorporated by reference in their entireties. Another
example of the use of a CT-scan to develop a surgical plan is disclosed in U.S. Patent
Publication No. 2006/0093988, which is herein incorporated by reference in its entirety.

[0007] CT scans tend to produce highly precise data for hard tissue (such as bone tissue
or teeth) but produce less precise data for soft tissue (such as the gingival tissue). Thus, existing
3-D anatomic digital models and surgical guides typically do not accurately account for the
gingival tissue overlying the patient’s jawbone. Other techniques for acquiring gingival tissue
data, such as using a barium sulfate-infused scanning appliance, are time and/or labor intensive
and are often not particularly accurate.

[0008] Other methods are typically used to produce accurate soft tissue data. For
example, soft tissue data may be acquired by taking an impression of the inside of a patient’s
mouth, using an intra-oral scanner, or the like. These methods, however, fail to provide accurate
data relating to the hard tissue of the patient’s mouth and, therefore, cannot be leveraged to
improve the quality of the 3-D anatomic digital models and subsequent surgical guides created
using these models.

[0009] When considering the dental and/or surgical plan for a specific patient, the
maximum depth of the distal end of the dental implant within the bone is important so that the
sinus cavity and mandibular canal may be avoided. Additionally, the location of the implant(s)
relative to the gingival surface and underlying bone is important, especially one that involves the
placement of several dental implants. Thus, it is important that precise data relating to both the

hard tissue (e.g., bone structure and tecth) and the soft tissue (e.g., gingival tissue) of the
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patient’s mouth is obtained and used to create a 3-D anatomic digital model from which the

surgical guide may be developed.

[0010] Thus, there exists a need to develop an improved method for creating a highly
accurate digital model that incorporates accurate data relating to both the hard tissue and the soft
tissue of the patient’s mouth and that forms an accurate basis from which to create a surgical

model, a subsequent surgical guide, and/or custom abutments.

SUMMARY OF THE INVENTION

[0011] According to one process of the present invention, a method of creating a 3-D
anatomic digital model for determining a desired location for placing at least one dental implant
in a patient’s mouth is disclosed. The method comprises the act of obtaining a first dataset
associated with hard tissue of the patient’s mouth. The method further comprises the act of
obtaining a second dataset associated with soft tissue of the patient’s mouth. The method further
comprises the act of combining the first dataset and the second dataset to create a detailed
structure of hard tissue and soft tissue having variable dimensions over the hard tissue.

[0012] According to another process of the present invention, a method for developing a
surgical guide for guiding the insertion of at least one dental implant into a desired location in a
patient’s mouth is disclosed. The method comprises the act of obtaining a first dataset
associated with hard tissue of the patient’s mouth and a second dataset associated with soft
tissue of the patient’s mouth. The method further comprises the act of forming a 3-D anatomic
digital model including the first dataset and the second dataset. The method further comprises
the act of creating a surgical plan defined by the 3-D anatomic digital model. The surgical plan
includes virtual implant positions. The method further comprises the act of scanning a cast
model of the patient’s mouth to obtain a third dataset. The method further comprises the act of
combining the third dataset with the 3-D anatomic digital model. The method further comprises
the act of placing at least one implant analog in the cast material in a location replicating the
location of the at least one virtual implant in accord with the surgical plan. The method further
comprises the act of attaching at least one implant-analog mount and at least one master tube
into the cast model in accordance with the surgical plan to form a master cast. The method
further comprises the act of pouring a flowable material over the master cast and around the at
least one master tube. The method further comprises the act of allowing the flowable material to
harden. The hardened material forms the surgical guide. The method further comprises the act

of removing the at least one implant-analog mount and the surgical guide from the master cast.
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[0013] According to another process of the present invention, a method of developing a

surgical guide for guiding the insertion of at least one dental implant into a desired location in a
patient’s mouth is disclosed. The method comprises the act of scanning the inside of the
patient’s mouth to obtain a first dataset associated with bone tissue, teeth, or a combination
thereof. The method further comprises the act of taking an impression of the patient’s mouth.
The method further comprises the act of scanning the impression to obtain a second dataset
associated with a gingival surface. The method further comprises the act of merging the first
dataset with the second dataset to form a 3-D anatomic digital model having gingival thickness
data. The method further comprises the act of forming a cast model from the impression. The
method further comprises the act of creating a surgical plan having virtual implants via the 3-D
anatomic digital model, the virtual implants having location information associated therewith.
The method further comprises the act of scanning the cast model to obtain a third dataset. The
method further comprises the act of, using a robot, placing at least one implant analog in the cast
model at a position dictated by the virtual implant location information.

[0014] According to another embodiment of the present invention, a method of
developing a 3-D model of the patient’s mouth is disclosed. The method comprises the act of
scanning the inside of the patient’s mouth to obtain a first dataset including data associated with
the jawbone, bone tissue, teeth, or combinations thereof. The method further comprises the act
of scanning the inside of the patient’s mouth or an impression of the patient’s mouth to obtain a
second dataset including data associated with the gingival surface. The method further
comprises the act of merging the first dataset with the second dataset to form a combined
dataset. The method further comprises the act of removing overlapping data from the combined
dataset to form a modified dataset. The method further comprises the act of adding soft tissue
data associated with the region between the gingival surface and the jawbone to the combined
dataset.

[0015] According to another process of the present invention, a method of placing a
dental implant and prosthesis in a patient’s mouth is disclosed. The method comprises the act of
developing a 3-D anatomic digital model based on hard tissue data obtained from a computed
tomography scan of the patient’s mouth and soft tissue data obtained from an intra-oral scan or a
dental impression of the patient’s mouth. The method further comprises the act of developing a
cast model of the patient’s mouth. The method further comprises the act of scanning the cast
model to obtain cast data. The method further comprises the act of merging the 3-D anatomic

digital model with the cast data to obtain merged data. The method further comprises the act of
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developing a master cast by installing a dental implant analog to replicate a desired location of

the dental implant into the cast model using the merged data. The method further comprises the
act of developing on the master cast a surgical guide to be used in the placement of the dental
implant in the patient’s mouth. The surgical guide includes at least one opening generally
adjacent to the dental implant analog. The method further comprises the act of placing the
surgical guide in the patient’s mouth. The method further comprises the act of installing the
dental implant through the at least one opening in the surgical guide. The method further
comprises the act of, after installing the dental implant, removing the surgical guide from the
patient’s mouth. The method further comprises the act of attaching a dental prosthesis to the
dental implant.

[0016] The above summary of the present invention is not intended to represent each
embodiment or every aspect of the present invention. This is the purpose of the figures and the

detailed description which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1A illustrates an implant, a master tube for use in a surgical guide, and a
guide tube for use with the master tube;

[0018] FIG. 1B schematically illustrates the various axially oriented dimensions of the
components in FIG. 1A;

[0019] FIGs. 2A-2C are side, isometric, and top views of an implant mount for use in
driving an implant into the osteotomy in the patient’s mouth;

[0020] FIG. 3 illustrates the implant mount of FIGs. 2A-2C attached to the implant of
FIGs. 1A-1B;

[0021] FIGs. 4A-4C are views of a master tube that may be placed in a surgical guide;

[0022] FIGs. 5A-5B are side and top views of an implant-analog mount that may be used
to develop the surgical guide;

[0023] FIG. 6 is a side view of the implant-analog mount in FIG. SA-5B that is used with
an implant analog;

[0024] FIG. 7A is a flow diagram detailing a method of forming a surgical plan
according to one process;

[0025] FIG. 7B is a 3D computer model (a virtual model) of a portion of a patient’s

mouth;
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[0026] FIG. 8 is a flow diagram detailing a method of forming a master cast using the

surgical plan of FIGs. 7A-7B according to one process;

[0027] FIG. 9 illustrates flowable cast material being poured into an impression of a
patient’s gingival surface to develop a cast model of the patient’s mandible;

[0028] FIG. 10A illustrates a robot that may be used to modify the cast model of FIG. 9;

[0029] FIG. 10B illustrates the robot of FIG. 10A as it creates an opening in the cast
model;

[0030] FIG. 10C illustrates the robot of FIG. 10A after it has created an opening in the
cast model,

[0031] FIG. 10D illustrates the robot of FIG. 10A placing an implant analog in the cast
model;

[0032] FIG. 10E illustrates the details of the opening of the cast model after the robot of
FIG. 10A has placed the implant analog therein;

[0033] FIG. 11 illustrates a master cast formed using the process of FIGs. 8 and 10,
according to one embodiment;

[0034] FIG. 12 is a flow diagram detailing a method of forming a surgical guide
according to one process;

[0035] FIGs. 13A-13B illustrate the combination of the implant analogs and associated
mounts of FIG. 6 after being placed in the master cast of FIG. 11;

[0036] FIG. 14 is a top view of a surgical guide that may be used in a patient’s mouth to
guide the placement of eight dental implants; and

[0037] FIG. 15 illustrates the surgical guide of FIG. 14 fixed in the patient’s mouth.

[0038] While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and will
herein be described in detail. It should be understood, however, that it is not intended to limit
the invention to the particular forms disclosed but, on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the invention as

defined by the appended claims.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0039] The present invention is directed to methods for developing a single, highly

accurate 3-D anatomic digital model that accurately accounts for both hard tissue data and soft
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tissue data. Such a model is required for computer-based surgical planning and an accurate
surgical guide.

[0040] FIGs. 1-4 illustrate examples of implants, implant mounts, master tubes, and drill
bits that may be used with a surgical guide formed according to embodiments of the present
invention. FIGs. 5-6 illustrate implant analogs and implant-analog mounts that may be used to
form the surgical guide. These components are also described in U.S. Provisional Patent
Application Serial No. 61/003,407, which is herein incorporated by reference in its entirety.

[0041] FIG. 1A illustrates some of the external components used for installing a dental
implant 10 during dental surgery in a patient’s mouth in accordance with a predetermined
surgical plan. FIG. 1B illustrates the dimensions, which are discussed in more detail below,
that are used to ensure the proper axial location of the dental implant 10 in the patient’s bone.
As shown, the implant 10 includes a non-rotational feature 12 in the form of a hexagonal socket
and a threaded bore 14 located below the non-rotational feature 12. The non-rotational feature
12 may also have other internal forms, such as a different polygonal or non-round shape, and it
may also be present in an external form, such as in a hexagonal (or other polygonal or non-
round) boss that protrudes above the top surface of the implant 10. The external components
include a master tube 20 that will be located within a surgical guide, which is discussed in more
detail below, and a guide tube 30 having an upper lip 32. The guide tube 30 is like a bushing
that fits snugly within the master tube 30 such that the upper lip 32 rests on the upper surface of
the master tube 20.

[0042] With reference to FIG. 1B, to properly locate the implant 10 in the axial direction
in accordance with the surgical plan, the length dimension “C” of the implant 10 must be
known. Further, the dimension “A” is the distance from the seating surface of the implant 10 to
the bottom of the master tube 20, which has a known length of dimension “D.” Dimension “B”
is the thickness of the lip 32 of the guide tube 30, which receives drill bits for drilling the
osteotomy. Dimension “E” is the length dimension of an implant mount (e.g., implant mount 40
of FIGs. 2A-2C) and implant-analog mount (e.g., implant-analog mount 100 of FIG. 5A) that
will be attached to the implant 10 and used to drive the implant 10 into the bone in accordance
with the surgical plan. The surgical guide discussed below will have an axial dimension directly
over each implant 10 that is greater than dimension “D” but less than dimension “E.” This axial
dimension of the surgical guide over the dental implant 10 will be chosen to ensure that the
distance “E” is equal to one of several known and standard lengths for the implant mount 40

(e.g., 7.5 mm, 9 mm, 10.5 mm, 12 mm). In short, the dimensions “A,” “B,” “C,” “D,” and “E”
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of FIG. 1B are considered in developing the surgical guide that will place each dental implant 10

in accordance with the surgical plan.

[0043] FIGs. 2A, 2B, and 2C illustrate one length of the implant mount 40 that may be
used with the dental implant 10. Implant mounts are generally available in various lengths and
diameters corresponding with various implant widths. The implant mount 40 includes a non-
rotational feature 42 (as shown, a hexagonal boss) at one end of a main body 44 for mating with
the non-rotational feature 12 of the implant 10. At the other end of the main body 44 is a flange
46 having a plurality of notches 47. A driving element 48 is located above the flange 46 for
receiving torque from a manual or power drive to rotate the attached implant 10 into the bone of
the patient. The implant mount 40 further includes a bore that receives a screw 49 extending
through the entire implant mount 40. The bore may include internal threads 50 for capturing the
threads of the screw 49 such that the screw 49 and the implant mount 40 are held together even
when the implant mount 40 is unattached to a dental implant 10.

[0044] For visual alignment purposes, each notch 47 is aligned with one surface of the
non-rotational feature 42 of the implant mount 40. In the illustrated embodiment, each notch 47
is also aligned with one surface of the driving element 48. Thus, the notches 47 help to identify
the orientation of the underlying non-rotational feature 42. This is important because, once the
implant 10 is installed in the patient’s bone, the non-rotational feature 12 of the implant 10 must
be at a known angular position in the patient’s bone for a predefined prosthetic component (e.g.,
a bar, an abutment, etc.) to be aligned in the proper angular orientation when its non-rotational
feature mates with the non-rotational feature 12 of the implant 10.

[0045] FIG. 3 illustrates the dental implant 10 attached to the implant mount 40 via the
screw 49. Additionally, the non-rotational feature 12 of the implant 10 is coupled to the non-
rotational feature 42 of the implant mount 40. Due to the position of the notches 47 on the
flange 46, each notch 47a is aligned with corresponding surfaces 12a, 42a of the non-rotational
features 12, 42. Accordingly, although a clinician cannot see the non-rotational feature 12 of the
implant 10, the clinician still knows the angular orientation of the non-rotational feature 12 by
inspecting the notches 47 on the implant mount 40.

[0046] FIGs. 4A-4C illustrate the details of the master tube 20 according to one
embodiment. The master tube 20 includes a main body 82 with notches 84 located on the upper
surface 86. The master tube 20 includes a roughened side surface 88 that allows the master tube
20 to be better attached to the material of the surgical guide (e.g., surgical guide 390 of FIG. 14).

As shown, the roughened surface 88 includes a spiral groove around the circumference of the
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main body 82 and axial grooves along the central axis of the main body 82 that intersect the

spiral grooves. In other embodiments, the main body 82 may be a knurled surface or have any
other surface structure that assists in fixing the master tube 20 within the material of the surgical
guide.

[0047] The master tube 20 may come in different sizes to accommodate dental implants
having different diameters. For example, a master tube 20 with an internal diameter of 4.1 mm
may be used for implants 10 having diameters of 4.0 mm or smaller. Additionally, a master tube
20 with an internal diameter of 5.1 mm may be used for implants 10 having diameters between
4.0 mm and 5.0 mm.

[0048] According to one embodiment, a master tube may include a flange at the upper
surface that allows the master tube to be axially retained in the surgical guide with better
precision. The undersurface of the flange engages the material of the surgical guide, so as to
resist any axial movement of the master tube relative to the surgical guide. The flange may rest
on the top surface of the surgical guide or within a counterbored opening within the top surface
of the surgical guide. In either case, the dimensions “A,” “B,” “C,” “D,” and “E” of FIG. 1B are
also applicable to the master tube so as to develop a surgical guide that will place each dental
implant 10 in accordance with the surgical plan.

[0049] FIGs. 5A-5B illustrate an implant-analog mount 100, according to one
embodiment, that may be used to assist in developing the surgical guide. The implant-analog
mount 100 includes a main body 102 and an expandable top section 104, which includes a
plurality of slots 106. The lower end of the main body 102 includes a non-rotational feature 108
(c.g., a hexagonal boss) that will engage a corresponding mating surface in the implant analog.
The implant-analog mount 100 includes a screw 109 with a large rotatable head 110. When the
rotatable head 110 is tightened such that the screw 109 is tightened into the implant analog,
further rotation causes the tapered section 111 of the screw 109 to force the expandable top
section 104 outward.

[0050] An orientation pin 112 is located on the expandable top section 104 and is aligned
with one of the flat surfaces on the non-rotational feature 108. The orientation pin 112 extends
below the top flange of the expandable top section 104 and, as described below, mates with the
notch 84 within the master tube 20 when developing the master cast described below.

[0051] FIG. 6 illustrates the implant-analog mount 100 attached to an implant analog
120, which will also be used to assist in forming the surgical guide. The implant analog 120 has

an upper surface that replicates the upper surface of the dental implant 10. Thus, the implant
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analog 120 includes a non-rotation feature 122 that mates with the non-rotational feature 108 of

the implant-analog mount 100. When doing so, the orientation marker 112 is then aligned with
the non-rotation feature 122 of the implant analog 120. The implant analog 120 also includes
internal threads 124 for receiving the screw 109 to hold the implant analog 120 to the implant-
analog mount 100.

[0052] According to the embodiments of the present invention, a 3-D anatomic digital
model for a patient may be developed by merging (1) data obtained by scanning the patient’s
mouth with a CT scanner (or other suitable scanning technologies or devices) to obtain data
associated with the bone structure, teeth, and/or pre-placed physical markers (e.g., in the case of
a fully edentulous patient, described in more detail below) with (2) data obtained by taking an
impression of the patient’s mouth and scanning the impression or by scanning the inside of the
patient’s mouth with an intra-oral scanner to obtain data associated with the gingival surface. A
surgical plan, created using this 3-D anatomic digital model in conjunction with planning
software, is then used to precisely place an implant analog(s) into a cast of the patient’s pre-
surgical anatomic scenario in a position replicating a desired position of the dental implant to be
inserted into the patient’s mouth, thereby creating a master cast. The master cast is then used to
create a surgical guide.

[0053] The remainder of the detailed description will assume that the patient is
edentulous and that the surgical guide is resting on the soft tissue (e.g., the gingival surface).
For fully edentulous patients, a hard tissue reference common to both the hard tissue dataset and
the soft tissue dataset is required for shape matching, as this hard tissue reference will be the
only data common to both the hard tissue dataset and the soft tissue dataset. Thus, a physical
marker may be placed in the patient’s mouth as a reference point. The marker may include a
bone pin, a fixation screw, or the like. It should be understood, however, that the embodiments
of the present invention may also be used with partially edentulous patients.

[0054] Referring to FIG. 7A, a method of creating a surgical plan according to one
process is illustrated. To create the surgical plan, three-dimensional (“3-D”) data relating to a
patient’s hard tissue is obtained using a dental scan such as a CT scan or other suitable scanning
technologies or devices at step s150. Specifically, the CT scanner digitizes data relating to the
patient’s bone structure (e.g., jawbone) and tecth to create a hard tissue dataset. The hard tissue
dataset includes accurate hard tissue data.

[0055] At step s152, a 3-D soft tissue dataset is acquired. According to one embodiment,

an impression (e.g., impression 310 of FIG. 9) is taken of the patient’s gingival surface and teeth
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(if any) using common techniques involving the use of impression material within the patient’s

mouth. The impression is then scanned and digitized to obtain the soft tissue dataset.
Alternatively, a stone cast of the patient’s mouth is formed, and the stone cast is scanned and
digitized. One suitable type of scanner is the 3D Scanner D-250™ manufactured by 3Shape A/S
(Copenhagen, Denmark) (“3Shape Scanner”). In another embodiment, the soft tissue dataset is
obtained by scanning the inside of the patient’s mouth using an intra-oral scanner.

[0056] The resulting soft tissue dataset obtained at step s152 includes very accurate data
of the outer surface of a patient’s dentition. The soft tissue dataset is a digitized surface of zero
thickness and represents the outer surface of the tecth and gingival tissue. Although in the
process of FIG. 7A, the soft tissue dataset is obtained after obtaining the hard tissue dataset, it is
also contemplated that the soft tissue dataset may be obtained prior to obtaining the hard tissue
dataset.

[0057] At step s154, a shape-matching algorithm is applied to merge the hard tissue
dataset and the soft tissue dataset. The shape-matching algorithm utilizes features common to
both datasets, such as the outer surface of the dentition, pre-placed physical markers, existing
teeth, or the like, to merge the two datasets. Overlapping data common to both the soft tissue
dataset and the hard tissue dataset (e.g., data associated with the dentition) is removed from the
hard tissue dataset at step s156. In another embodiment, common data is removed from the soft
tissue dataset. The region between the resulting merged dataset and the jawbone leaves a “gap,”
which corresponds with the thickness of the gingival tissue. This gap is then filled in with soft
tissue within the model at step s158. A resulting 3-D anatomic digital model is then obtained at
step s160. A surgical plan may be created from the digital model at step s165. A surgical guide
may be fabricated using the surgical plan at step s166.

[0058] The surgical plan may be created using the 3-D anatomic digital model and
planning software. The surgical plan includes information regarding the location, position,
orientation, and size of virtual implants based on the conditions of the patient’s mouth. FIG. 7B
illustrates a 3-D CAD model 161 (on a computer display) of a virtual custom abutment 162 and
virtual implant analogs 163 utilizing the 3-D anatomic digital model obtained at step s160. An
opening 164 in the CAD model 161 is tapered as it leads towards the virtual implant analog 163.
This tapering is chosen by the operator of the CAD model 161 after consideration of the location
of the underlying dental implant that has been dictated by the cast model and the location of the
adjacent teeth, if any. Further, the tapering is dictated by the size and shape of the virtual
custom abutment 162 that has been designed by the operator. Although the opening 164 has
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been illustrated having a straight-wall taper, the opening 164 may have a curved-wall taper.

Further, the opening 164 at its terminal and may be circular, elliptical, or have other non-circular
shapes as dictated by the virtual custom abutment 142 and the three-dimensional “saddle” shape
of the gingival tissue between adjacent teeth. This opening 164 may be created by a robot
manipulator or an alternative robot 358 discussed with reference to FIGs. 10A-D.

[0059] The resulting surgical plan may be used to create a master cast, which may then
be used to fabricate a surgical guide (e.g., surgical guide 390 of FIG. 14). The method of
forming the master cast according to one process is shown in FIG. 8. At step s200, a flowable
cast material is poured into an impression of the gingival surface. The impression used in step
$200 may be the impression obtained during the process of acquiring the soft tissue dataset
described above (e.g., during step s152 of FIG. 7A). It is contemplated that another or a new
impression may also be used during step s200. For example, a new impression may be used if
an intra-oral scanner was used during step s152 of FIG. 7A to acquire the soft tissue dataset.

[0060] Before discussing the remaining steps of FIG. 8, attention will be given to FIGs.
9-10. FIG. 9 illustrates one example of a method for developing a cast model of the patient’s
mandible. FIGs. 10A-D show schematic representations of a robot manipulator system
configured to place an implant analog into the cast model of FIG. 9, according to one
embodiment.

[0061] FIG. 9 illustrates the making of a cast model using a dental impression 310. In
the illustration of FIG. 9, flowable cast material 330 is poured into the impression 310, which
has a contour that is the negative impression of the patient’s gingival surface. The cast material
330 may include stone or other suitable material. The cast material 330 is then allowed to
solidify at step s202. It should be noted that the skilled artisan will recognize that there are
many ways to make a cast. For example, various materials may be used.

[0062] Referring also to FIGs. 10A-E, after the cast material 330 has solidified at step
$202, a resulting cast model 350 is mounted on a base structure (e.g., a male base structure 368).
The relative position and/or coordinates of implant analogs 120 to be placed in the cast model
350 may be generated using the coordinate system within a 3-D CAD model. The position of
the implant analogs replicate the desired location, position, and orientation of the virtual
implants to be placed into the patient’s mouth. This desired location, position, and orientation of
the virtual implants was determined by the surgical plan. A common work structure (e.g.,
female work structure 369) associated with the robot may be used in scanning the cast model

350 and in placing the implant analogs 120 using a robot manipulator 358. It is contemplated
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that types of base structures other than those shown in FIGs. 10A-D may also be used. For

example, in some embodiments, the cast model 350 may be mounted on a female base structure
and the common base structure may be a male base structure. In other embodiments, the scanner
and the robot manipulator do not share a common base structure.

[0063] The male base structure 368 is then attached to the work structure 369, as shown
in FIG. 10A, and scanned using the 3Shape Scanner (or other suitable scanning device) at step
$204. In one embodiment, the scanner measures X, Y, and Z positions of one or more features
of the cast model 350 relative to the axes on the base structure 368, also referred to as the base
structure origin, thereby acquiring a digitized cast dataset of the cast model 350. Thus, when the
base structure 368 is in a known position with respect to the work structure 369, an exact desired
location for an implant analog 120 may be determined. In another embodiment, a 3Sphere
reference is used to create a common coordinate system. In this embodiment, a scanner scans a
calibration standard with three spheres thereon. A robot then probes these three spheres. Using
the scan and probe data, a common coordinate system is established between the robot and the
scanner.

[0064] Referring back to FIG. 8, the digitized cast dataset is then merged with the
previously-obtained 3-D anatomic digital model from which the surgical plan was created (see
FIG. 7A) using a second shape-matching algorithm at step s206. The second shape-matching
algorithm may be the same as or different from the shape-matching algorithm used to merge the
hard tissue dataset and the soft tissue dataset at step s154 of FIG. 7A to obtain the 3-D anatomic
digital model. The coordinates of the virtual implant(s) to be inserted into the patient’s mouth
and, thus, the coordinates of the corresponding implant analogs 120 relative to the base structure
coordinate system, are then extracted at step s208.

[0065] The coordinates of the virtual implants are uploaded to the robot manipulator 358
at step s210. At step s212, the robot manipulator 358 inserts the implant analogs 120 into the
cast model 350 (see FIG. 10D) in an installation site corresponding with the location, position,
and orientation of the virtual implants. The robot manipulator 358 is able to accurately place the
implant analog 120 in the cast model 350 such that the position of the implant analog 120 within
the cast model 350 is substantially identical to the position of the virtual implant determined by
the surgical plan. Because in the illustrated embodiment, there is a need for eight implants 10,
eight implant analogs 120 are inserted into the cast model 350. In one embodiment, the robot
manipulator 358 uses the relative position information to place an implant analog 120 into a

securing material, such as an epoxy, located on the cast model 350.
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[0066] FIG. 10A illustrates one example of a simple schematic construction for the robot

358. The skilled artisan would appreciate that numerous types of robots are available having
various control features, motors, and manipulating arms and tools. For example, the robot 358
may be an Epson PS5 six-axis robot with an Epson RC520 controller (Seiko Epson Corporation,
Japan). The robot 358 in FIGs. 10A-D performs various functions related to modifying the cast
model 350 and placing the actual implant analog 120. In particular, as will be described in more
detail below, the robot 358 modifies the cast model 350 after it has solidified to create an actual
opening that is substantially similar to the virtual opening 164. The position in which to place
the implant analogs is determined by the surgical plan. The associated virtual openings are
required to accommodate the analogs. Further, the robot 358 places an implant analog 120 in
substantially the same position and with substantially the same orientation as the virtual implant
analogs 163 of FIG. 7B.

[0067] The robot 358 includes a base structure 359 that is supported on a table or other
work bench. The base structure 359 typically has one or more moving arms 360a,b having a
terminal structure 361 for supporting one or more tool holders 362, 363 that grip and/or
manipulate tools or other components. As shown, the base structure 359 includes an arm 360
having multiple pivotable sections 360a and 360b, and the tool holder 362 includes a drill bit
364. The terminal structure 361, the arm 360, the base structure 359, and/or the tool holders
362, 363 include gears and other common components for transmitting rotational energy to a
tool (e.g., the drill bit 364) being held by one of the tool holders 362, 363.

[0068] The arm 360 (and, thus, the terminal structure 361) may be moved in all
directions relative to the cast model 350 and a pallet 365. The pallet 365 includes a specific
sequence of tools or other components that are placed within the pallet 365 prior to the operation
of the robot 358. As shown, the pallet 365 includes an additional drill bit 366 at one location
and an implant analog holder 367 at a second location. Typically, after the data from the 3-D
CAD model 161 of FIG. 7B is transferred to the control system for the robot 358, the operator of
the robot 358 will be instructed to provide a certain sequence of tools or other components in the
pallet 365 to accommodate the development of the particular opening and the placement of the
particular implant analog 120 for the case.

[0069] In FIG. 10A, the cast model 350 is directly coupled to a base structure 368 that is
the same base structure that was used for scanning the cast model 350 at step s204 of FIG. 8. As
such, the base structure 368 is used in both the scanning of the cast model 350 and in the later

modification of the cast model 350 by the robot 358. The base structure 368 includes alignment
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features and magnetic features for precision mating with corresponding structures on the work

structure 369 associated with the robot 358. The work structure 369 is at a known location
relative to the base structure 359 such that any tool or other component within the tool holders
362, 363 can be accurately positioned relative to the work structure 369.

[0070] To help arrange for the precision location of the tool 364 relative to the cast
model 350, the cast model 350 (and its base structure 368) has an analog coordinate system,
which is labeled as Xa, Ya, Za, for locating the custom abutment, which will ultimately fit on the
implant analog to be located within the opening in the cast model 350. If desired, a custom
abutment may be designed with respect to the analog coordinate system. Further, the robot 358
(and the scanning system previously used) has its own base coordinate system, which is labeled
as Xg, Yg, Zg.

[0071] When the data from the 3-D CAD model 161 is transferred to the control system
for the robot 358, the data includes at least two types of data sets. A first data set indicates the
type of implant analog that will be used in the cast model 350. A second data set indicates the
relative location of the analog coordinate system to the base coordinate system so that the
creation of the hole in the cast model 350 and the placement of the implant analog is
substantially identical to that which has been virtually modeled. Optionally, a third data set may
define the gingival margin of the custom abutment 162 so that a properly sized opening may be
created above the implant analog, allowing the custom abutment to fit properly within the cast
model. This optional third data set may be helpful because the actual custom abutment is larger
in diameter than the implant analog such that the opening must be contoured in a tapered fashion
(e.g., straight-wall taper, curved wall taper, etc.) to accommodate the actual custom abutment.

[0072] The robot 358 of FIG. 10A may also include a calibration mechanism 370 such
that the tool (e.g., the tip end of drill bit 364) is placed at a known location and “zeroed” before
developing the opening and/or placement of the implant analog. As shown, the calibration
system 370 includes two intersecting lasers (e.g., HeNe lasers) 371, 372. Prior to any work on
the cast model 350, the tool 364 is placed at the intersection of the two lasers 371, 372 to insure
accuracy of the tool 364 within the base coordinate system (Xg, Yg, Zg). The operator can
slightly adjust the tool 364 to place it at the intersection of the two lasers 371, 372, assuming the
calibration system 370 indicates that an adjustment is needed or if the operator may visualize
that an adjustment is needed.

[0073] In FIG. 10B, the drill bit 364 has been moved by the robot 358 to begin the
development of the opening in the cast model 350. The drill bit 364 creates the contoured
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pocket of the opening (as dictated by the tapered opening 164 in FIG. 7B). The drill bit 364 has

a smaller diameter than any portion of the opening such that it is used as a milling tool to create
the contoured pocket. In one embodiment, the drill bit 364 then creates the lower portion of the
opening that will receive the implant analog 120. In doing so, the drill bit 364 of the robot 358
creates a bottom wall to the opening that is located at a position within the cast model 350 that
will cause the particular implant analog for that case to have its upper mating surface (see FIG.
10E) at a location that is substantially identical to the location of the virtual implant. In another
embodiment, the hole for the analog (the “analog pocket”) is oversized relative to the analog in
all dimensions. The robot 358 then holds the analog in space within the confines of the analog
pocket while the adhesive bonds the analog to the cast model 350.

[0074] FIG. 10C illustrates the end result of an opening 374 that was created in the cast
model 350 by the robot 358. While the development of the opening 374 has been described by
the use of a single drill bit 364, it should be understood that the robot 358 can utilize multiple
tools (e.g., a second drill bit 366 in the pallet 365, or a more traditional milling tool) to create the
opening 374. Further, because multiple virtual implants are required in the illustrated
embodiment, the robot 358 is required to create multiple openings 374, cach of which uses
multiple tools from the pallet 365. The use of multiple tools may require a calibration by the
calibration system 370 (FIG. 10A) prior to the use of each tool.

[0075] FIG. 10D illustrates the movement of the robot 358 to grip an implant analog
holder 375 from the pallet 365 by use of the tool holder 363 for placement of the implant analog
120. Once the opening 374 has been completed, the operator will remove all remaining particles
and debris from the drilling process from the cast model 350. An adhesive is placed within the
opening 374 and also placed (e.g., manually brushed) on the terminal end of the implant analog
120. Alternatively, an adhesive activator agent is placed on the implant analog 120 to accelerate
the curing process. It should be understood, however, that the work station for the robot 358
may have bins of adhesive (and activator agents) such that the robot 358 “dips” the end of the
implant analog 120 into one or more of these bins without manual operator intervention.

[0076] After calibrating the location of the implant analog 120 with the calibration
system 370 (FIG. 10A), the robot 358 then moves the implant analog holder 375 in such a
manner so as to place the implant analog 120 at the bottom of the opening 374. In doing so, the
orientation of the anti-rotational feature of the implant analog 120 is critical such that it matches
the orientation of the anti-rotational feature of the implant in the patient’s mouth (i.e., all six

degrees of freedom are constrained in the same manner as the implant that is located in the
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patient’s mouth). When the robot 358 has finished placement of the implant analog 120 within

the opening 374, an energy source (e.g., UV light source) is used to quickly cure the adhesive
such that the implant analog 120 is physically constrained and attached to the cast model 350
within the opening 374. Preferably, the adhesive is a UV-curable adhesive.

[0077] Once the adhesive has cured, the robot 358 commands the gripping mechanism of
the tool holder 363 to release the implant analog holder 375. The implant analog holder 375 is
held to the implant analog 120 through a long screw. Thus, the operator removes the long screw
such that the implant analog 120 remains by itself within the opening 374 (attached via the
adhesive), as is shown in FIG. 10E. In particular, the implant analog 120 and its threaded bore
377 and anti-rotational feature 378, are located at a specific position and orientation within the
opening 374. It should be understood that the robot 358 may also include the necessary tools
(e.g. screwdriver tip) in the pallet 368 to release the implant analog holder 375 from the implant
analog 120 so that operator intervention is not required.

[0078] FIG. 11 illustrates a resulting master cast 400 once multiple implant analogs have
been inserted via the robot 358 of FIGs. 10A-D. The master cast 400 includes the eight implants
analogs 120 that will replicate the positions of the eight dental implants 10 that will be inserted
into the patient’s bone by use of the surgical guide.

[0079] Referring back to FIGs. 1-6 as needed, FIG. 12 shows a method of forming a
surgical guide from the master cast 400 according to one process. At step s450, implant-analog
mounts 100 (see FIGs. 13A-13B) are attached to the master cast 400, and master tubes 20 are
attached to implant analog mounts 100. The master tubes 20 are locked onto the implant analog
mounts 100 due to the expansion of the top portion of the implant analog mount 100 as the
implant analog mount screw is threaded into the implant analog 120. The implant analog mount
screw essentially acts as a wedge within the body of the implant analog mount 100, and the top
portion of the body of the implant analog mount 100 is able to expand because it is slotted.
FIGs. 13A-13B illustrate the implant-analog mounts 100 and implant analogs 120 located within
the master cast 400 of FIG. 11. The top flange of the expandable top section 104 rests on the
master tube 20 with the orientation pin 112 fitting within one of the two notches 84 of the master
tube 20. As such, the location of the non-rotation feature 122 of the implant analog 120 is
known and fixed relative to the master cast 400. Once properly seated, the large rotatable head
110 is rotated a bit more (typically less than one-half revolution) to cause the expandable top

section 104 to expand outwardly into the master tube 20 and lock itself into axial position.
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[0080] A polymeric material 390a such as acrylic (or another suitable material) is then

poured over the master cast 400 and around master tubes 20 of FIGs. 13A-13B to form a
surgical guide 390 (see FIG. 14) at step s452. Preferably, the master tubes 20 are placed in the
surgical guide 390 such that their uppermost surfaces are located on flat surfaces 392 (see also
FIG. 14) of the surgical guide 390. Once all of the polymeric material 390a has hardened and
cured, the large rotatable head 110 of the implant-analog mount 100 may be loosened, which
unlocks the implant-analog mount 100 from the master tube 20 and eventually releases the
implant—analog mount 100 from the implant analog 120 such that the resulting surgical guide
390 may be removed from the master cast 400 and the implant-analog mount 100 may be
removed from the surgical guide 390 at step s454.

[0081] The resulting surgical guide 390 fits snugly onto the patient’s gingival surface by
having a negative impression that incorporates the details of the gingival surface in the patient’s
mouth. Because in the illustrated embodiment, there is a need for eight implants 10, the surgical
guide 390 includes eight openings, each of which is defined by a master tube 20 that is
integrated into the material of the surgical guide 390 with the assistance of the outer roughened
surface and/or adhesive. As described above, the end result is that the eight dental implants 10
are installed in the patient’s maxilla at the depths and angles defined by the surgical plan, and
the eight dental implants 10 may then be attached to a bar structure that is part of the denture-
type dental prosthesis that is developed for that particular patient. Alternatively, dental
abutments and/or individual prostheses may be attached to the dental implants 10.

[0082] The under portion of the surgical guide 390 (not visible in FIG. 14) has a contour
that follows the master cast 400 and, thus, the scanned gingival surface in the patient’s mouth.
In other words, the under portion of the surgical guide 390 is a negative impression of the
gingival surface of the patient’s mouth.

[0083] The surgical guide 390 of FIG. 14 also includes a plurality of openings 394
through which temporary fixation screws or pins may be placed. The temporary fixation screws
or pins engage the bone and hold the surgical guide 390 in the proper location on the gingival
surface so that the surgical plan may be executed using the surgical guide 390. As previously
mentioned, the surgical guide 390 may also be a negative impression of the surface of adjacent
teeth and bone tissue in some situations and rest against the adjacent teeth and bone tissue.

[0084] As previously indicated, the implant mounts 40 of FIG. 2 are available in various
lengths so that a suitable combination may be identified for each case. Dimension “E” of FIG.

1B simply needs to be greater than or equal to the height of the master tube 20 plus the distance
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from the implant (or analog) seating surface to the highest point on the surrounding gingival

margin.

[0085] FIG. 15 illustrates the surgical guide 390 positioned within a patient’s mouth. A
clinician is generally given a set of instructions, in accordance with the surgical plan, for placing
cach dental implant 10 with a specific sequence of guide-tube tools and drill bits (along with
other components and tools). Each implant is attached to a specifically-sized implant mount 40
in accordance to the plan. In particular, the implant 10 is screwed into the bone by use of a tool
that engages the driving element 48 of the implant mount 40. Because the underlying non-
rotational feature 12 of the implant 10 (FIG. 1) is aligned with the notch 47, the non-rotational
feature 12 is oriented in the exact location defined by the surgical plan by aligning the notch 47
of the implant mount 40 with the notch 84 in the master tube 20.

[0086] The implants 10 may then be fitted with a temporary prosthesis crafted by the
clinician using common abutments. Or, the implants 10 may receive a healing cap or healing
abutment to allow for a period of osscointegration before a temporary or final prosthesis is
fitted. As previously discussed, because the implant mount 40 has a known length, the exact
depth of the implant 10 within the osteotomy is also known, as defined by the surgical plan for
that patient.

[0087] Once all of the implants 10 are installed or after each implant is installed, the
implant mounts 40 may be released from the dental implants 10 by unscrewing each of the
screws 49 (FIGs. 2-3). Additionally, the surgical guide 390 may be removed from the patient’s
mouth by removal of the temporary fixation screws or pins from the holes 394 in the surgical
guide 390.

[0088] Because cach of the implants 10 are at known locations and have known
orientations defined by the surgical guide 390 in accordance with the surgical plan, the patient
may be immediately fitted with a prosthesis that was previously made in accordance to the
surgical plan. As an example, a bar structure may be placed on the implants 10 in the patient’s
mouth. Eight attachment regions of the bar would fit accurately on the dental implants 10 and
would be coupled to the dental implants 10 through typical dentals screws. A temporary or final
denture would then be snapped on the bar structure such that the patient would have a workable
set of prosthetic teeth that are defined by the surgical plan.

[0089] The embodiments and processes of the present invention are also useful for

developing and installing one or more single-tooth prosthetic devices or one or more multi-tooth
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prosthetic devices in a patient. In other words, the surgical guide 390 may be smaller such that

it only covers a limited portion of the dental arch.

[0090] In summary, using a 3-D anatomic model incorporates accurate hard tissue data
and soft tissue data to create a surgical plan and then form a master cast 400 (from the surgical
plan and a scan of the pre-surgical anatomic cast) having master tubes 20 that allow for the
known orientation of the virtual implants 10 and the implant analogs 120. A surgical guide 390
may then be accurately developed to replicate the desired conditions in the patient’s mouth in
accordance with the 3-D anatomic digital model. The surgical guide 390 may then be fitted to a
patient’s mouth and the implants 10 may be installed in the patient’s mouth in substantially the
identical location, position, and orientation as the virtual implants of the surgical plan. The
prosthetic device may then be fitted to the implants 10 that have been installed in the patient’s
mouth.

[0091] While particular embodiments and applications of the present invention have
been illustrated and described, it is to be understood that the invention is not limited to the
precise construction and compositions disclosed herein and that various modifications, changes,
and variations may be apparent from the foregoing descriptions without departing from the spirit

and scope of the invention as defined in the appended claims.



WO 2009/146164 PCT/US2009/040375

21

WHAT IS CLAIMED IS:
1. A method of creating a 3-D anatomic digital model for determining a desired

location for placing at least one dental implant in a patient’s mouth, the method comprising the
acts of:
obtaining a first dataset associated with hard tissue of the patient’s mouth;
obtaining a second dataset associated with soft tissue of the patient’s mouth; and
combining the first dataset and the second dataset to create a detailed structure of hard

tissue and soft tissue having variable dimensions over the hard tissue.

2. The method of claim 1, wherein the act of obtaining the first dataset includes

scanning the inside of the patient’s mouth.

3. The method of claim 2, wherein the act of scanning the patient’s mouth includes

using a computed tomography scanner.

4. The method of claim 1, wherein the act of obtaining a second dataset includes

scanning the inside of the patient’s mouth with an intra-oral scanner.

5. The method of claim 1, wherein the act of obtaining a second dataset includes

taking an impression of the inside of the patient’s mouth.

6. The method of claim 5, further comprising scanning the impression to achieve the

second dataset.

7. The method of claim 1, wherein the hard tissue includes the patient’s jawbone,

bone tissue, one or more teeth, physical markers, or a combination thereof.

8. The method of claim 7, wherein the act of combining the first dataset with the
second dataset further includes:

removing data common to the first dataset and the second dataset to form a merged
dataset; and

adding data associated with soft tissue to the region between the merged dataset and the

jawbone.

9. A method for developing a surgical guide for guiding the insertion of at least one
dental implant into a desired location in a patient’s mouth, the method comprising the acts of:

obtaining a first dataset associated with hard tissue of the patient’s mouth and a second
dataset associated with soft tissue of the patient’s mouth;

forming a 3-D anatomic digital model including the first dataset and the second dataset;
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creating a surgical plan defined by the 3-D anatomic digital model, the surgical plan

including virtual implant positions;

scanning a cast model of the patient’s mouth to obtain a third dataset;

combining the third dataset with the 3-D anatomic digital model;

placing at least one implant analog in the cast material in a location replicating the
location of the at least one virtual implant in accord with the surgical plan;

attaching at least one implant-analog mount and at least one master tube into the cast
model in accordance with the surgical plan to form a master cast;

pouring a flowable material over the master cast and around the at least one master tube;

allowing the flowable material to harden, the hardened material forming the surgical
guide; and

removing the at least one implant-analog mount and the surgical guide from the master

cast.

10. The method of claim 9, wherein the act of creating the surgical plan includes

using a computed tomography scanner to obtain the data associated with the hard tissue.

11. The method of claim 9, wherein the act of creating the surgical plan includes

using an intra-oral scanner to obtain the data associated with the soft tissue.

12. The method of claim 9, wherein the act of creating the surgical plan includes

scanning an impression of the patient’s mouth to obtain the data associated with the soft tissue.

13.  The method of claim 12, further comprising forming the cast model by pouring a

cast material into the impression.

14.  The method of claim 9, wherein the flowable material is a polymeric material,
and the master tube is made from a metal, the master tube being embedded in the polymeric

material.

15.  The method of claim 9, wherein the desired location includes both a position and

an orientation of the dental implant.

16. A method of developing a surgical guide for guiding the insertion of at least one
dental implant into a desired location in a patient’s mouth, the method comprising the acts of:

scanning the inside of the patient’s mouth to obtain a first dataset associated with bone
tissue, teeth, or a combination thereof;,

taking an impression of the patient’s mouth;
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scanning the impression to obtain a second dataset associated with a gingival surface;

merging the first dataset with the second dataset to form a 3-D anatomic digital model
having gingival thickness data;

forming a cast model from the impression;

creating a surgical plan having virtual implants via the 3-D anatomic digital model, the
virtual implants having location information associated therewith;

scanning the cast model to obtain a third dataset;

using a robot, placing at least one implant analog in the cast model at a position dictated

by the virtual implant location information.

17.  The method of claim 16, wherein the act of scanning the inside of the patient’s
mouth to obtain a first dataset includes using a computed tomography scanner to obtain the data

associated with hard tissue.

18.  The method of claim 16, wherein the flowable material is a polymeric material
and the master tube is made from a metal, the master tube being embedded in the polymeric

material.

19.  The method of claim 16, wherein the virtual implant location information

includes information, wherein the size information dictates the size of the implant analog.

20.  The method of claim 16, wherein the virtual implant location information
includes orientation information, wherein the orientation information dictates the orientation of

the implant analog

21.  The method of claim 16, further comprising, prior to scanning the cast model to
obtain a third dataset, mounting the cast model onto a base structure to establish a coordinate

System.

22.  The method of claim 21, further comprising, prior to placing at least one implant
analog, extracting coordinates of the desired location of the dental implant relative to the cast

model.

23.  The method of claim 22, wherein the act of placing at least one implant analog is

performed by a robot manipulator.

24. A method of developing a 3-D model of the patient’s mouth, the method

comprising the acts of:
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scanning the inside of the patient’s mouth to obtain a first dataset including data

associated with the jawbone, bone tissue, teeth, or combinations thereof;

scanning the inside of the patient’s mouth or an impression of the patient’s mouth to
obtain a second dataset including data associated with the gingival surface;

merging the first dataset with the second dataset to form a combined dataset;

removing overlapping data from the combined dataset to form a modified dataset; and

adding soft tissue data associated with the region between the gingival surface and the
jawbone to the combined dataset.

25. A method of placing a dental implant and prosthesis in a patient’s mouth, the
method comprising the acts of:

developing a 3-D anatomic digital model based on hard tissue data obtained from a
computed tomography scan of the patient’s mouth and soft tissue data obtained from an intra-
oral scan or a dental impression of the patient’s mouth;

developing a cast model of the patient’s mouth;

scanning the cast model to obtain cast data;

merging the 3-D anatomic digital model with the cast data to obtain merged data;

developing a master cast by installing a dental implant analog to replicate a desired
location of the dental implant into the cast model using the merged data;

developing on the master cast a surgical guide to be used in the placement of the dental
implant in the patient’s mouth, the surgical guide including at least one opening generally
adjacent to the dental implant analog;

placing the surgical guide in the patient’s mouth;

installing the dental implant through the at least one opening in the surgical guide;

after installing the dental implant, removing the surgical guide from the patient’s mouth;
and

attaching a dental prosthesis to the dental implant.
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