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based on the scanned dataset. The dimensions of the arch area are

determined based on the data relating to the definable features from the scanned dataset.
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SYSTEM AND METHOD FOR IMPROVED INTRA-ORAL SCANNING

PROTOCOL AND CALIBRATION
TECHNICAL FIELD

[0001] This disclosure relates to dental restoration techniques and specifically for
obtaining accurate intra-oral scan results for the connecting arcas between segments of an
arch.

BACKGROUND

[0001] Restorations in the form of dental prosthetics may be necessary to address
partially or wholly edentulous conditions. Traditionally, such restorations have been
performed by forming a model by providing an impression of the affected areas of a patient’s
mouth, developing a stone model from the impression, and fabricating a customized
prosthetic device on the stone model. The process is cumbersome and requires excessive
intrusion into the patient’s mouth. However, the stone model provides enough accuracy to
produce prosthetics that minimize stress and interference with the edentulous area.

[0002] Recently, intra-oral scanning (IOS) has emerged as a preferred dental
impression technique for conventional (tooth-borne) and implant dentistry. 10S typically
involves using a handheld scanner having optical sensors to capture a three-dimensional
dataset of the area of interest. The resulting dataset may be used for constructing a model for
preparing patient specific prosthetics. An example of using such datasets to construct a
model may be found in U.S. Patent Publication No. 2011-0183289, filed on December 7.
2007, titled “Method For Manufacturing Dental Implant Components.” The IOS process
offers a very efficient and cost-effective means by which to acquire and transmit anatomic
data for purposes of forming a prosthetic. While the accuracy of 10S has been proven to be
sufficient for single tooth restorations and short-span multiple tooth segments, it is often
contraindicated for scanning larger edentulous segments such as a full arch area scan or
potentially smaller segments which are “highly” edentulous.

[0003] There are many potential contributing factors for the difficulty of applying
IOS to full arch restorations. For example, small adjacent site-to-site errors, while having
minimal impact on single tooth or short-span multiple tooth segments, may accumulate where
the resulting error throughout the full arch is unacceptable.

[0004] While IOS is robust when scanning well defined landmarks (i.e., teeth vs.

tissue), large homogencous arecas needed for full arch restoration are problematic. As an arch
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is scanned, if there are homogeneous segments, especially large ones, these landmarks are
vague and, therefore, cannot be interpreted as accurately. The teeth serve as robust
landmarks in a scan of an arch, but soft-tissue surfaces between segments of the arch such as
the mouth surfaces and the tongue are homogenous surfaces and are therefore difficult to scan
accurately. The connecting area(s) such as the tongue or the roof of the mouth are essentially
seen as “oceans” of homogeneous surfaces in the scan dataset in that these homogeneous
surfaces are difficult to distinguish from each other because they all appear the same in the
scanned dataset.

[0005] The geometry acquired for the cross-arch connecting geometry (i.c., the
tongue or the palate) covers a relatively large area, but only a small portion of the data within
this area is scanned. This may lead to cross-arch error and/or full arch distortion and is often
most visible when assessing the posterior segments of the resulting model, as these zones are
adjacent to the greatest arca of “digital dead space” (or the space not scanned). For example,
FIG. 1A shows a full arch area 100 which includes an arch 102 having a number of teeth 104
on two segments 106 and 108. In this example, edentulous areas between the teeth 104 on
the arch 102 require the application of a dental restoration process. A cross-arch geometric
connecting arca 110 separates the two segments 106 and 108 of the arch 102. In order to
form proper restorative devices, such as a bridge for the arch 102 the distance between the
two segments 106 and 108 must be accurately determined.

[0006] Scanning the connecting area 110 has limited effectiveness in determining
accurate dimensions because the connecting arca 110 does not have any distinct features.
The connecting geometry area 110 is relatively non-defined (or vague). While a scan of this
arca climinates the digital dead space, the quality of the data does not provide for a
sufficiently precise digital acquisition and subsequent reconstruction of the dental anatomy of
the arch area 100. Such errors are magnified at the end of the segments 106 and 108 due to
the geometry of the segments 106 and 108 in relation to the front of the arch 102. For
example, a cumulative error of over 180u for this posterior cross-arch span connecting area
110 shown in FIG. 1A in a resulting model would be much greater than the tolerance allowed
to passively seat a full-arch denture supporting bar framework. While the distortion may be
small, the clinical relevance of this error is significant, preventing the proper fabrication of

the restorative device.
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[0007] FIG. 1B shows a full arch area 150 which includes an arch 152 with a full
edentulous condition with two segments 156 and 158. In this example, edentulous arecas on
the arch 152 require the application of a dental restoration process. In this example, a series
of implants have already been implanted in the arch 102 in preparation for modeling of the
arch area 150. Each of the implants 170 has a gingival healing abutment 170 that extends
through the soft tissue. A cross-arch geometric connecting arca 160 separates the two
segments 156 and 158 of the arch 152. In order to form proper restorative devices, such as a
bridge for the arch 152 the distance between and around the two segments 156 and 158 must
be accurately determined.

[0008] FIG. 2A shows a control model 202 formed by a 3Shape laser scan of a cast of
the arch area 150 and implants 170 shown in FIG. 1B. The control model 202 is very
accurate since it is prepared by scanning the cast produced from a mold taken from the arca
of interest. Such a larger scan system is more accurate than the handheld scanners used for
the I0S techniques because of the differences in the associated algorithms required for
acquiring the data and reconstructing the 3-dimensional datasets. FIG. 2B shows a model
204 that is manufactured using a scan dataset from the arch area 150 taken by known 10S
techniques. As explained above, the homogeneity of the connecting area 160 results in
dimensional inconsistencies between the model 204 and the actual arch area 150. FIG. 2C
shows the scan model 204 in FIG. 2B overlaying the control model 202 in FIG. 2A. As
shown in FIG. 2C, shaded areas 210 represent distortions between the actual dimensions of
the arch area 150 represented by the control model 202 produced by casting and the model
204 produced by known intra-oral scanning techniques. As shown in FIG. 2C, the distortions
210 occur throughout the entire arch, but are greatest on the ends of the segments of the
model 204 because of the inaccuracies in determining the dimensions of the connecting
geometry between and around the segments. Such inaccuracies may result in positive
stretching where the segments of the model are wider than those of the actual arch area. The
positive stretching may be seen by the arrows labeled by “EE” in FIG. 2C. The inaccuracies
may also result in a model which suffers from negative stretching where the segments are
narrower than the actual arch areas. The resulting models therefore are not useful in the
restorative process since the resulting prosthesis devices will not interface correctly with the

actual arch area.
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[0009] One proposed solution has been to spray the connecting geometry area with a
coating in order to help establish scannable features within the connecting area. The arch and
the connecting area are then scanned and a resultant dataset is produced. However, the
spraying technique still results in inaccurate scans because the features of the connecting area
such as the tongue, assuming that they contain geometry which is distinguishable enough to
provide robust data, may move from the location captured during the scan.

[0010] Thus, a need exists to improve the accuracy of known intra-oral scanning to
enable reliable full arch scanning. There is a need to calibrate an intra-oral scan dataset with
known dimensions to improve the accuracy of the scanned dataset. There is a further need to
perform real-time error correction on a scan dataset in the process of acquisition of the
scanned data points.

SUMMARY

[0011] An example of the present disclosure is a method of providing a three-
dimensional scan of a dental arch area, the arch area having two segments and a connecting
arca between the two segments. A connecting-geometry tool with at least one definable
feature is affixed relative to the dental arch arca. The at least one definable feature overlays
at least part of the connecting arca. The arch area is scanned to produce a scanned dataset of
the arch arca. Data relating to the definable feature of the connecting-geometry tool
overlaying the connecting area is determined based on the scanned dataset. The dimensions
of the connecting area are determined based on the data relating to the definable feature.

[0012]  Another example is a system for producing a scanned dataset of a dental arch
arca, the dental arch area including two segments and a connecting area between the two
segments.  The system includes a controller and an intra-oral scanner coupled to the
controller. A connecting-geometry tool affixable to the dental arch area overlays the
connecting area. The connecting-geometry tool includes at least one definable feature. The
controller is operative to accept scan data from the intra-oral scanner and determine the
dimensions of the connecting area based on data relating to the definable feature.

[0013]  Another example is a method of producing a scanned dataset of a dental arch
arca, the arch area including two segments separated by a connecting arca. A computed
tomography scan is performed over the arch area. The computed tomography scan includes
at least one landmark object in the arch area. A reference dimension value of the landmark

object is determined in the arch area from the computer tomography scan. An intra-oral scan
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is performed over the arch area including the at least one landmark object and the connecting
arca. A dimension of the landmark object in the arch area is determined from the intra-oral
scan. The reference dimension value is compared with the dimension of the landmark object
determined from the intra-oral scan to determine error correction information. The error
correction information is applied to the intra-oral scan dataset of the arch area to produce a
corrected intra-oral scan dataset.

[0014] Another example is a method of providing a three-dimensional scan of a
dental arch areca. The arch area has two segments and a connecting area between the two
segments. The arch area includes a first implant embedded in the arch area. The first implant
has a central axis. A connecting-geometry tool with at least one definable feature is coupled
to the first implant. The at least one definable feature is transverse to the central axis of the
implant. The at least one definable feature overlays at least part of the connecting area. The
arch area is scanned to produce a scanned dataset of the arch arca. Data relating to the
definable feature of the connecting-geometry tool overlaying the connecting areca is
determined based on the scanned dataset. The dimensions of the connecting area are
determined based on the data relating to the definable feature.

[0015] The foregoing and additional aspects and implementations of the present
disclosure will be apparent to those of ordinary skill in the art in view of the detailed
description of various embodiments and/or aspects, which is made with reference to the
drawings, a brief description of which is provided next.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing and other advantages of the present disclosure will become
apparent upon reading the following detailed description and upon reference to the drawings.

[0017] FIG. 1A is a top view of an dental arch area of a patient with partial
edentulous areas requiring restoration;

[0018] FIG. 1B is a top view of another dental arch area of a patient with entire
edentulous areas requiring restoration;

[0019] FIG. 2A is a top view of a control model formed by a scan of a casting of the
arch area shown in FIG. 1B,

[0020] FIG. 2B is a top view of a flawed model formed from a direct scan of the arch

arca shown in FIG. 1B using known intra-oral scan techniques;
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[0021] FIG. 2C is a top view of the model shown in FIG. 2B interposed on the control
model in FIG. 2A to show the misalignment due to scanning error;

[0022] FIG. 3A is a top view of a homogencous mesh grid affixed to the arch area
shown in FIG. 1A prior to intra-oral scanning;

[0023] FIG. 3B a top view of a heterogencous mesh grid affixed to the arch area in
FIG. 1A prior to intra-oral scanning;

[0024] FIG. 4 is a top view of a mesh grid affixed to the arch area in FIG. 1A prior to
intra-oral scanning, where the mesh grid includes objects having different geometric
dimensions overlaying the connecting area;

[0025] FIG. 5A is a top view of the arch area in FIG. 1A with encoded healing
abutments embedded in the arch;

[0026] FIG. 5B is a top view of the arch area in FIG. 1A with scan plates attached to
the healing abutments in FIG. 5B prior to intra-oral scanning;

[0027] FIG. 5C is a close-up perspective view of the healing abutment and the scan
plate shown in FIG. 5B;

[0028] FIG. 6A is a top view of the arch area in FIG. 1A with healing abutments and
pins that anchor a mesh grid;

[0029] FIG. 6B is a close-up perspective view of one of the healing abutments and
pins in FIG. 6A; and

[0030] FIG. 7 is a flow diagram of the scanning process of the arch area in FIG. 1A
performed with real-time error correction.

[0031] While the invention is susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and will
be described in detail herein. It should be understood, however, that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the invention
as defined by the appended claims.

DETAILED DESCRIPTION

[0032] FIG. 3A is a top view of the arch area 100 shown in FIG. 1A with an affixed
connecting-geometry tool 300 to improve the accuracy of a full arch area intra-oral scan. The
arch area 100 includes the arch 102 which includes teeth 104 and edentulous areas requiring

restoration. The connecting area 110 is disposed between the segments 106 and 108 which
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form the arch 102. As is known, a restorative process may involve the creation of a model of
the arch area 100 which may then be used for fabrication of restorative devices such as a
dental bridge matching the features of the arch area 100. The exemplary dental bridge would
be supported by restorative components, such as implants and abutments that may be inserted
in the edentulous areas of the arch 102. Of course, restorative processes may address smaller
segments of the arch such as partial segments with more high edentulous areas.

[0033] The model of the dental arch arca 100 may be created by the use of a dataset
obtained from three-dimensional intra-oral scanning. One example of intra-oral scanning
involves a handheld three-dimensional intra-oral scanner that may be used to scan the arch
arca 100 to produce the dataset. An example three-dimensional intra-oral scanner may
include two stereo cameras that capture image data from an areca of interest such as an
individual tooth or the entire arch area 100. Exemplary intra-oral scanner systems may
include but not be limited to the 3M Lava C.0O.S., the Cadent iTero digital impression system,
and the Sirona CEREC intraoral scanner. Corresponding software captures all images from
the scanner in real-time, generates a three-dimensional model of the area of interest, and
sends the dataset to a computer. Using software on the computer, the resulting dataset may
be used to fabricate models of the arch area 100 for preparation of restoration devices. Since
the dimensions of the arch area 100 are necessary to produce a model for the entire arch area
100, the scanned dataset includes images of the connecting area 110.

[0034] During the scan, the digital dead space represented by the connecting area 110
may be covered with a “connecting-geometry” tool having scannable or definable features to
bridge the gap between the open segments 106 and 108 of the arch 102. The connecting-
geometry tool is temporarily affixed to the area of interest such as the arch 102 and extends
over the connecting area 110. The connecting-geometry tool ideally contains distinct features
that register in the scan dataset produced when scanning the connecting area 110. The
resulting scanned dataset therefore includes more accurate scans of both the arch 102 and the
connecting area 110 with the connecting-geometry tool because of the inclusion of scannable
or definable features overlaying the connecting area 110.

[0035] One example of a connecting-geometry tool is a homogeneous mesh grid 300
shown in FIG. 3A. The mesh grid 300 is anchored on one or both of the segments 106 and
108 of the arch 102 prior to scanning the arch area 100. This may be done by an adhesive
such as a dental acrylic applied to the segments 106 and 108 and the mesh grid 300 or by a
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mechanical device such as a pin or pins attaching the segments 106 and 108 to the mesh grid
300. Alternatively, if implants are present in the arch 102, the mesh grid 300 may be coupled
to those implants, either directly or indirectly, through components such as healing abutments
attached to the implants as will be explained below. The mesh grid 300 in this example is
fabricated using metal and includes a frame 302 having two side rails 304 and 306. As
explained above, the side rails 304 and 306 are preferably affixed to the segments 106 and
108 during the scanning procedure. The mesh grid 300 includes uniform squares 310 which
are of a set dimension. The dimensions of the squares 310 are selected based on scanner
resolution to define the connecting geometry area 110 and in this example are 2 mm square.
Of course other materials such as polymers may be used for the mesh 300. Further, other
dimensions may be selected for the size of the squares 310. Finally, other shapes such as
triangles, polygons, etc. may be used instead of the squares 310.

[0036] With the mesh grid 300 affixed to the arch 102, a scan may be taken of the
arch 102 and the connecting geometry area 110. The features of the arch area 100 such as the
teeth 104 provide distinct features and, thus, accurate dimensions may be obtained by the
resulting scan dataset of the arch 102. Since the mesh grid 300 overlays the connecting
geometry area 110, the separation between the segments 106 and 108 is also well defined and
the scan of the connecting geometry area 110 discerns distinct features of the grid 300. Data
relating to the definable features of the connecting-geometry tool such as the mesh grid 300
on the connecting area 110 is determined based on the scanned dataset. The dimensions of
the connecting area 110 are determined based on the data relating to the definable features
and thereby provides accurate dimensions of the connecting geometry area 110. The
resulting dataset may be used to create an accurate model of the arch 102 and the connecting
geometry area 110 for implant installation and/or restoration processes.

[0037] FIG. 3B shows another type of a connecting-geometry tool which is a
heterogencous mesh grid 350 that is affixed to the arch 102 in FIG. 1A prior to scanning the
arch area 100. The mesh grid 350 in FIG. 3B contains heterogeneous features of known
dimensions and distances to provide recognition in the scanned dataset and provide
dimensional data for error assessment. The mesh grid 350 in this example is fabricated in
wire and includes a frame 352 having two side rails 354 and 356. The mesh grid 350
includes a grid structure 360 with a number of shapes in the grid structure 360 such as a first

square 362, a second square 364 and a rectangle 366. In this example, the square 362 has a
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dimension of 4 x 4 mm, the square 364 has a dimension of 1.5 x 1.5 mm and the rectangle
366 has a dimension of 1 x 2 mm. The distances between the shapes 362, 364 and 366 are
also selected to assist in the analysis of the scan dataset. The heterogeneous grid shapes of
the mesh grid 350 provide better references because of the distinct nature of each of the grid
shapes and the known dimensions between them. The use of the known dimensions of the
shapes in the grid structure 360 may be compared with the dimensions obtained from the scan
dataset of these shapes and an error correction factor may be determined based on the
difference of the scanned dimensions and the known actual dimensions. The scanned dataset
may therefore be corrected based on the error correction factor to produce a corrected intra-
oral scan dataset.

[0038] FIG. 4 shows another type of a connecting-geometry tool to improve the
accuracy of full arch scans. The connecting-geometry tool in FIG. 4 is a mesh grid 400 that
may be inserted in the arch area 100 in FIG. 1A. The mesh grid 400 in this example is
fabricated in metal and includes a frame 402 having two side rails 404 and 406. As explained
above, the mesh arch 400 is affixed to the arch 102. The mesh 400 includes uniform squares
410 which are of a set dimension and are composed in a grid. The uniform squares 410
provide distinguishable features when overlaying the connecting geometry area 110. Further
features are attached to points in the grid and may include objects 412, 414, 416 and 418 that
are included to provide distinct dimensional features to the mesh grid 400. The objects can
include a cylindrical shape such as object 412, a square shape such as object 414, a
rectangular shape such as object 416 and a hexagonal shape such as object 418. The objects
412, 414, 416 and 418 form a library of features with known dimensions for reference to the
features obtained from the scanned dataset.

[0039] In FIG. 4, the mesh 400 includes objects such as the objects 412, 414, 416 and
418 of known dimensions (and preferably with known distances relative to each other). The
mesh 400 is overlaid on the connecting geometry area 110 in the arch area 100. The mesh
400 and objects 412, 414, 416 and 418 create identifiable features overlaying the connecting
geometry area 110. The known dimensions may include the diameter of the circle object
412, the length and width of the square and rectangle objects 414 and 416, and the side
lengths and height of the hexagon object 418. These objects and their dimensions, once
scanned, are automatically identified by software algorithms used to analyze the scanned

dataset. An error (or distortion) assessment may then be executed to determine the skew in
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the scan data by assessing the intra-oral scan interpretation of the known dimensions of the
objects in comparison with the actual dimensions of the objects. The output of this error
assessment allows for correction of the entire scan dataset (including features of the arch arca
100 and connecting geometry area 110). This technique is analogous to scanning both the
patient and a calibration object simultancously, and then error correcting the scan dataset
based on the interpretation of the dimensions determined from the scan of the calibration
object(s).

[0040] An improved error correction process may be employed with the inclusion of
objects with known dimensions in the connecting geometry area 110 such as the objects 412,
414, 416 and 418. Since the dimensions of the objects 412, 414, 416 and 418 on the mesh
400 are known, the scanned dimensions of such objects may be analyzed in real-time during
the scan for purposes of correcting any error between the scanned dimensions of all the
objects scanned in the arch area 100 and the actual dimensions of the scanned objects. The
correction for any deviation may be input into the resulting subsequent data from the scanner
output to correct data from the scans of the other features of the arch area 100. Such error
correction may be performed in real-time as the scan data is being captured and is feasible so
long as a portion of the connecting area 110 with a corresponding object of known
dimensions such as any or all of the objects 412, 414, 416 and 418, is in view of the scanner
throughout the scan acquisition procedure.

[0041]  Another process to increase accuracy is the incorporation of data from a prior
computed tomography (CT) scan of the patient in the intra-oral scanning procedure. Such CT
scans are based on x-ray technology and may be made for any purpose such as for surgical
planning. The CT scan of the arch area 110 will capture landmark objects such as the bone
and teeth in the arch area 100 but no soft tissue due to the nature of the CT scanning process.
A subsequent intra-oral scan will pick up the teeth and tissue in arch area 100 but is subject to
distortion in the homogeneous connecting area 110 as explained above. However, the results
of the CT scan may be analyzed and compared to the dataset from the intra-oral scan to error
correct the intra-oral scan dataset.

[0042] In this instance, the full arch intra-oral scan may be corrected by virtually
realigning the teeth 104 (or other robust geometry) in this secondary scan to match the more
accurate initial CT scan. This removes the skew in the full arch intra-oral scan without

having to scan the arch area 100 with a connecting-geometry tool overlaying the connecting



CA 02869222 2014-09-30
WO 2013/158432 PCT/US2013/035923

-11 -

arca 110. Providing certain landmark objects are common to both scans such as the teeth 104
in FIG. 1A, the error correction may be made to the intra-oral scan dataset based on the
comparison of the reference dimensions of the landmark objects obtained from the CT scan
and the dimensions obtained from the intra-oral scan of the landmark objects. The resulting
error correction may be applied to the intra-oral scan dataset of the arch area to produce a
corrected intra-oral scan dataset. Although preferred, not all teeth or other geometries need to
be present in both scans to provide sufficient error correction.

[0043]  Specialized abutments may also be used with another type of connecting-
geometry tool to increase the accuracy of the scanned dataset. FIG. 5A shows the arch areca
100 in FIG. 1A where healing abutments 500 have been attached to implants (not shown)
sunk into the jaw of the arch 102 for purposes of preparing the arch 102 for permanent
restoration. As is known, the healing abutments 500 provide a known geometry for the
gingiva above the implant. In this example, the healing abutments 500 are coded healing
abutments that include information about the dimensions and locations of the abutments and
underlying implants as shown in U.S. Patent No. 6,790,040, titled “Healing components for
use in taking impressions and methods for making the same,” hereby incorporated by
reference.

[0044] FIG. 5B shows specialized scan plates 502 that are attached to the healing
abutments 500 prior to scanning the arch area 100. The scan plates 502 may be extended into
the connecting geometry area 110 and be used as a connecting-geometry tool on the arch area
100 in FIG. 1A. Since the scan plates 502 have distinct features, the scan dataset of the
connecting area 110 provides more accurate geometrical dimensions.

[0045]  FIG. 5C is a close-up view of a healing abutment 500 and a scan plate 502 in
FIG. 5B. The healing abutment 500 includes a top surface 512 that includes a socket 514 that
holds a screw (partially shown) with a screw head 516. The screw head 516 includes a socket
518 having interlocking side surfaces for the attachment of a driving device to tighten the
screw to hold the abutment 500 in the implant embedded in the arch 102. The top surface
512 of the healing abutment 500 includes one or more coded features 520 that indicate known
dimensional measurements and location of the healing abutment 500 and the underlying
implant.

[0046] A sidewall 522 extends from the abutment 500 and includes a dimple feature
524 that serves to support and orient the scan plate 502. The scan plate 502 includes a hole
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530 that is the same diameter as the abutment 500. The scan plate 502 is connected to the
abutment 500 via the sidewall 522 and rests on the dimple 524 thereby fixing the scan plate
502 in place relative to the connecting areca 110. Alternatively, the hole 530 may include a
detent that matches the dimple 524 to assist in fixing the scan plate 502 in place.
Alternatively, the scan plates 502 may include a mating post in place of the hole 530. The
mating post may be locked into the socket 518 in the screw head 516 to provide a snap-in
attachment of the scan plate 502. There are other ways to connect the connecting-geometry
tool to the healing abutment 500.

[0047] The scan plate 502 includes a top surface 534 that has protruding objects 536
and 538 of known dimensions. Since the scan plates 502 extend into the connecting
geometry area 110, the intra-oral scan may be made to detect the distinct features of the scan
plates 502 such as the objects 536 and 538 or the general shape of the scan plate 502, itself.
Alternatively, the portion of the scan plate may be supports for mesh structures to be
extended into the connecting geometry area 110.

[0048] A clinician attaches the scan plates 502 to the healing abutments 500 in the
arch area 100 prior to scan process. The scan plates 502 do not have to fill the entire
connecting geometry area 110, but for optimal scanning portions of at least two scan plates
502 should be captured within each 10S digital scan frame. The scanning process of the arch
102 and the connecting areca 110 with the overlaying scan plates 502 may then be
commenced. As explained above, since the dimensions of the objects 536 and 538 on the
scan plates 502 are known, error correction may be performed in real-time by comparing the
known dimensions with those dimensions obtained when the objects are determined from the
scanned dataset. The resulting scanned dataset may be error corrected in real-time.

[0049]  If the scan plates 502 block underlying geometry in the arch area 100 needed
to be acquired, such as the teeth 104 or other areas of interest of the arch 102, an initial scan
may be taken of the arch area 100 without the scan plates 502. A second scan may then be
taken of the arch area 100 with the scan plates 502 in place. The initial scan without the scan
plates 502 may then be error corrected using the healing abutments 500 from the second scan
as a reference object.

[0050] Other compatible devices may be incorporated with implants that are
embedded in the arch 102. For example, rather than using the healing abutments 500 and
plates 502 in FIG. 5B, a connecting-geometry tool may be directly coupled to the implant
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during the scan process and prior to the attachment of abutments. The implant has a central
axis that is perpendicular to the surface of the arch 102. A connecting-geometry tool
mateable to an implant has a support body that is connectable to the implant. For example, if
the implant has a threaded socket, the support body of the connecting-geometry tool may be
threaded. Other alternatives may include a matching member to the shape of the socket or a
hexagonal connecting interface. The connecting-geometry tool mateable to an implant may
include an arm that is transverse to the central axis of the implant. When the connecting-
geometry tool is inserted in the implant, the arm is thereby extended over the connecting arca
similar to the scan plates 502 shown in FIG. 5B. As explained above, the arm provides a
feature that when overlaying the connecting area 110 provides more accurate scanning. Of
course, any number of connecting-geometry tools mateable to an implant may be attached to
implants to provide scannable features overlaying the connecting area 110 in FIG. 1A. For
example, if the implants are embedded in the segments 106 and 108, the corresponding
connecting-geometry tools would extend from opposite sides of the arch 102 into the
connecting area 110. In short, the connecting-geometry tool may have features above the
implant (like the markings from U.S. Patent No. 6,790,040) that permit the location and
orientation of the underlying implant to be discerned, while also having laterally extending
portions (mesh, arms, etc.) that connect over the soft tissue of connecting area 110 such as the
tongue or palate.

[0051] When installed in the arch 102, the healing abutments 500 in FIG. 5A may be
used to affix other types of connecting-geometry tools to overlay the connecting geometry
arca 110. For example, FIG. 6A shows a mesh 600 similar to the mesh 300 in FIG. 3A which
overlays the connecting area 110 in FIG. 1A. In this example, inserts (not shown) have been
inserted in the arch 102. Healing abutments 610 have been connected to the inserts
embedded in the arch 102 in FIG. 6A in this example. Each of the healing abutments 610 has
a socket 612 for the attachment of the abutment 610 to other devices during the restoration
process. In this example, specialized pins 614 have been inserted in the respective sockets
612 of the healing abutments 610 as shown in FIG. 6B. The pins 614 are in turn attached to
the mesh 600 to hold the mesh 600 in place over the connecting area 110 during the scanning
process. Of course, other attachment members that are connected to the imbedded inserts in
the arch 102 may be used in place of the healing abutments 610 to hold the mesh 600 in

place.
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[0052] The operation of the example scan process, which may be run on a controller,
will now be described with reference to FIGs. 1 and 3-6 in conjunction with the flow diagram
shown in FIG. 7. The flow diagram in FIG. 7 is representative of exemplary machine
readable instructions for implementing an accurate intra-oral scan. In this example, the
machine readable instructions comprise an algorithm for execution by: (a) a processor, (b) a
controller, and/or (c) one or more other suitable processing device(s). The algorithm may be
embodied in software stored on tangible media such as, for example, a flash memory, a CD-
ROM, a floppy disk, a hard drive, a digital video (versatile) disk (DVD), or other memory
devices, but persons of ordinary skill in the art will readily appreciate that the entire
algorithm and/or parts thereof could alternatively be executed by a device other than a
processor and/or embodied in firmware or dedicated hardware in a well-known manner (e.g.,
it may be implemented by an application specific integrated circuit (ASIC), a programmable
logic device (PLD), a field programmable logic device (FPLD), a field programmable gate
array (FPGA), discrete logic, etc.). For example, any or all of the components of the process
could be implemented by software, hardware, and/or firmware. Also, some or all of the
machine readable instructions represented by the flowchart of FIG. 7 may be implemented
manually. Further, although the example algorithm is described with reference to the
flowchart illustrated in FIG. 7, persons of ordinary skill in the art will readily appreciate that
many other methods of implementing the example machine readable instructions may
alternatively be used. For example, the order of execution of the blocks may be changed,
and/or some of the blocks described may be changed, eliminated, or combined.

[0053] FIG. 7 is a flow diagram of a process to provide an accurate scan of the arch
area 100 in FIG. 1A for restoration purposes. Initially, a connecting-geometry tool such as
the mesh 300 in FIG. 3A, the mesh 350 in FIG. 3B, the mesh 400 in FIG. 4, or the scan plates
502 in FIGs. 5A-5C, is affixed relative to the arch 102 to overlay at least part of the
connecting geometry areca 110 in FIG. 1A (700). As explained above, the connecting-
geometry tool has definable features which may be registered by the scanner. The
dimensions of known features of the connecting-geometry tool are then input in a scanner
controller (702). These dimensions may also be previously stored in a library for the specific
connecting-geometry tool for convenient access by the scanner controller. For example, if

objects such as the objects 412, 414, 416 and 418 in FIG. 4 are overlaying the connecting
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geometry arca 110, the dimensions of the objects are stored in memory for error correction
purposes.

[0054] A scan is initiated of the arch area 100 and the connecting geometry area 110
to include at least part of the connecting-geometry tool for each scan frame (704). A
handheld 10S device is preferably used to capture images of the areas of interest to produce
the scanned dataset. Data relating to the features of the connecting-geometry tool on the
connecting area is determined based on the dataset from the scan (706). The dimensions of
the captured objects are compared with the recorded inputs of the known dimensions to
determine error correction information (708). The error correction information (708) is
incorporated into data inputs from the scan to produce a corrected scan dataset (710). A
complete dataset of the arch area and connecting geometry is then output for further
processing such as for determining dimensions of the arch area 100 for purposes of model
construction (712). A determination of the dimensions of features of the arch 102 such as
edentulous areas and teeth 104 may be determined from the corrected scan dataset (714). The
dimensions of the connecting areca 110 may be determined based on the data relating to the
features of the connecting-geometry tool from the corrected dataset (716).

[0055] While particular implementations and applications of the present disclosure
have been illustrated and described, it is to be understood that the present disclosure is not
limited to the precise construction and compositions disclosed herein and that various
modifications, changes, and variations can be apparent from the foregoing descriptions
without departing from the spirit and scope of the invention as defined in the appended

claims.
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What is claimed is:

1. A method of providing a three-dimensional scan of a dental arch area, the arch area
having two segments and a homogeneous connecting area between the two segments, the method
comprising:

affixing a connecting-geometry tool with a plurality of definable features relative to the
dental arch area, the plurality of definable features overlaying at lcast part of the connecting area,
wherein the connecting-geometry tool is a mesh grid, the mesh grid including a plurality of
geometric shapes;

scanning the arch area to produce a scanned dataset of the arch area;

determining data relating to the definable features of the connecting-geometry tool
overlaying the connecting area based on the scanned dataset; and

determining the dimensions of the connecting area based on the data relating to the

definable features.

2. The method of claim 1, wherein the geometric shapes have at least two different
dimensions.
3. The method of claim 1, further comprising performing an error assessment to determine

the skew in the scanned dataset in relation to a known dimension of the definable features and a
corresponding dimension of the definable features determined from the data relating to the

definable features.

4. The method of claim 3, further comprising correcting the scanned dataset based on the

error assessment to produce a corrected intra-oral scan dataset.

5. The method of claim 3 wherein the error assessment is performed in real-time.

6. The method of claim 1, wherein the mesh grid includes at least one object having

predetermined dimensions.

CA 2869222 2019-07-26
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7. The method of claim 1, wherein the arch area includes at least one abutment fixed in the
arch area and wherein the connecting-geometry tool is attached to the abutment and extends over

the connecting area.

8. The method of claim 7, wherein the connecting-geometry tool is a plate.

9. The method of claim 8, wherein the plate includes an object of a predetermined
dimension.

10. A system for producing a scanned three-dimensional dataset of a dental arch arca, the

dental arch area including two segments and a homogeneous connecting area between the two
segments, the system comprising:

a controller;

an intra-oral scanner coupled to the controller;

a connecting-geometry tool affixable to the dental arch area to overlay the homogenous
connecting area, the connecting-geometry tool including at least one definable feature, wherein
the connecting-geometry tool is a mesh grid, the mesh grid including a plurality of geometric
shapes; and

wherein the controller is operative to accept scan data including multiple images from the
intra-oral scanner and determine the dimensions of the homogeneous connecting area based on

data relating to the definable features to determine the three-dimensional datasct of the dental

arch area.

11. The system of claim 10, wherein the geometric shapes have at least two different
dimensions.

12. The system of claim 10, wherein the controller performs an error assessment to determine

the skew in the scanned dataset in relation to a known dimension of the definable feature and a
corresponding dimension of the definable feature determined from the data relating to the

definable feature.

CA 2869222 2019-07-26
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13. The system of claim 12, wherein the controller corrects the scanned dataset based on the

error assessment to produce a corrected intra-oral scan dataset.

14. The system of claim 12 wherein the error assessment is performed in real-time.

15. The system of claim 10, wherein the mesh includes a least one object having

predetermined dimensions.

16. The system of claim 10, wherein the arch area includes at least one abutment fixed in the
arch area and wherein the connecting-geometry tool is attached to the abutment and extends over

the connecting area.

17. The system of claim 16, wherein the connecting-geometry tool is a plate.

18.  The system of claim 17, wherein the plate includes an object of a predetermined
dimension.

19. A method of providing a three-dimensional scan of a dental arch area, the arch area

having two segments and a connecting area between the two segments, the method comprising:
affixing a mesh grid connecting-geometry tool with at least one definable feature relative to the
dental arch area, the at least one definable feature overlaying at least part of the connecting area,
the mesh grid including a plurality of geometric shapes;

scanning the arch area to produce a scanned dataset of the arch area;

determining data relating to the definable feature of the connecting-geometry tool overlaying the
connecting area based on the scanned dataset; and

determining the dimensions of the connecting area based on the data relating to the definable

feature.
20. A system for producing a scanned dataset of a dental arch area, the dental arch area

including two segments and a connecting arca between the two segments, the system comprising:

a controller;

CA 2869222 2019-07-26
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an intra-oral scanner coupled to the controller;

a mesh grid affixable to the dental arch area to overlay the connecting area, the mesh grid
including a plurality of geometric shapes; and

wherein the controller is operative to accept scan data from the intra-oral scanner and

determine the dimensions of the connecting area based on data relating to the plurality of

geometric shapes.
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