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movable In relation to the base. Each extension member may include a proximal end connected to the base, a distal end, and a
coping connected to the distal end. The coping may be movable In relation to a corresponding extension member. Furthermore,
the coping may be adapted to be mechanically locked in a selected location and orientation.
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ABSTRACT

An apparatus is provided for measuring a location and orientation of each of a plurality of
dental implants. The apparatus may include a base, and a plurality of extension members
protruding from the base. Each of the plurality of extension members may be movable in
relation to the base. Each extension member may include a proximal end connected to the
base, a distal end, and a coping connected to the distal end. The coping may be movable
In relation to a corresponding extension member. Furthermore, the coping may be adapted

to be mechanically locked in a selected location and orientation.
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TITLE: METHOD AND APPARATUS FOR MEASURING A LOCATION AND
ORIENTATION OF A PLURALITY OF IMPLANTS

FIELD

[0001] This application relates to the field of dental implant systems.
INTRODUCTION

[0002] Dental implants, anchored into a patient's jaw, may be used to permanently

affix a dental prosthesis into a patient's mouth. The dental prosthesis will typically include
one or more artificial teeth. |n many cases, a dental prosthesis is configured to mount onto
an underlying framework, which may be made of titanium or another suitable material. The

framework is secured to the dental implants using fasteners such as screws, for example.

[0003] It is desirable for the location and orientation of implant interfaces in a dental
framework to be precisely aligned with the implants in a patient's mouth. The position of
each implant may vary by up to six degrees of freedom (e.g. location along and orientation
about x, y and z axes). Misalignment of an implant interface may cause stress upon the
framework or the jaw bone after the fasteners are tightened. This may result in a cracked
dental prosthesis and compromised implants. Accordingly, there is a benefit to accurately
determining the location and orientation of each dental implant that will support a dental

framework.

[0004] One method for measuring the location and orientation of dental implants is
cone beam computed tomography (CBCT). In this method, a series of x-ray scans are
taken about the head of a patient, and interpolated using software to generate a 3D model.

However, the accuracy of measurements taken using CBCT is limited by the positional
accuracy of the mechanical system, the cone beam projector geometry, the sensitivity of

the detector, the contrast resolution, and a patient’'s natural movements (e.g. breathing).

[0005] Another method for measuring the location and orientation of dental implants
uses three-dimensional (3D) intraoral scanners. These methods typibally Involve capturing
images of a patient’'s mouth from multiple angles, and processing the images using
computer software to generate a 3D model. The accuracy of this method is limited by the

positions of the scanner relative to measured objects, the type and quality of dental
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coatings used, the natural shaking of an orthodontist's hand, and a patient’s natural

movements (e.g. breathing).

[00006] Another method for measuring the location and orientation of dental implants
Is to take an impression manually. This method typically begins with applying impression
material inside a patient's mouth (e.g. using an impression tray). The impression material
sets as an elastic solid, and when removed from the patient’'s mouth provides a negative
model of the patient’'s dentition. Casting material may then be applied to the negative
model to produce a positive model that may be scanned using a computer to generate a 3D
model. The accuracy of this method is limited by the low rigidity and non-uniform shrinkage
of the impression material during curing, both of which may cause the dental implant

impressions to shift position.

[0007] Another method for measuring the location and orientation of dental implants
uses telescoping crossbrace members connected in series from one implant to the next.
Each end of each crossbrace member has an implant screw for securing to a patient’s
implant. Each screw has angular freedom to rotate and align with the implant. In use, the
screws are secured to a patient's implants, then adhesive is applied to inhibit any further
telescoping or rotating of the crossbrace members or the screws. An impression tray filled
with impression material may then be applied over the crossbrace members and gum
tissue. Then the screws are withdrawn from the implants and the apparatus including the
impression tray and impression material is removed from the patient's mouth. The
accuracy of this method is limited by the capacity of the adhesive to prevent the crossbrace
members and the screws from moving or rotating when applying the impression material

and during the curing process.

SUMMARY

[0008] In accordance with at least one embodiment, an apparatus is provided for
measuring a location and orientation of each of a plurality of dental implants. The
apparatus may include a base, and a plurality of extension members protruding from the
base. Each of the plurality of extension members may be movable in relation to the base.
Each extension member may include a proximal end connected to the base, a distal end,

and a coping connected to the distal end. The coping may be movable in relation to a
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corresponding extension member. Furthermore, the coping may be adapted to be

mechanically locked in a selected location and orientation.

[0009] The apparatus may also include a plurality of clamps. Each of the plurality of
clamps may be adapted to lock a corresponding extension member to the base. Also, each
of the plurality of clamps may be adapted to lock a corresponding coping in a selectea
location and orientation. Each extension member may comprise an elongate upper portion
and an elongate lower portion and each of the plurality of clamps may be adapted to urge
one of the upper and lower portions toward the other of the upper and lower portions of a

corresponding extension member.

[0010] Each coping may be at least partially received in a corresponding spherical
member. Also, each of the plurality of clamps may be adapted to urge the upper and lower
portions of the corresponding extension member against an external surface of the
corresponding spherical member to lock a location and orientation of the corresponding

spherical member with respect to the extension member.

[0011] Each coping may be at least partially received in a through-hole of the
corresponding spherical member. The through-hole may be defined by an interior surface
of the spherical member. Each of the plurality of clamps may be adapted to urge the upper
and lower portions of the corresponding extension member against the external surface of
the corresponding spherical member to reduce a diameter of the through-hole of the
corresponding spherical member thereby urging the interior surface of the corresponding
spherical member against the corresponding coping. This may lock the location and

orientation of the coping with respect to the base.

[0012] The coping may be connected to the corresponding extension member by a
ball joint.
[0013] In at least one embodiment, the base may include at least one slot. Also,

each of the plurality of clamps may pass through one of the at least one slot, and each of
the plurality of clamps may be adapted to lock the corresponding extension member

relative to the corresponding slot.

[0014] Each coping may define a through-hole that is adapted to receive a screw

connected to one of the plurality of dental implants. Also, the through-hole of each coping
_ 3.
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may be sized to recelve a measurement target detectable by a control measurement

device.

[0015] A location and orientation of each coping may be fixed with respect to the
corresponding extension member. However, each coping may be rotatable about the
corresponding extension member In at least two orthogonal axes. Also, each clamp may
be adapted to resist rotation of the corresponding coping relative to the corresponding

extension member.

[0016] At least one extension member may be translatable along a plane, and each
extension member may be rotatable about an axis perpendicular to the plane. The axis

may be concentric with the corresponding clamp.

[0017] In accordance with at least one embodiment, a method is provided for making
a dental framework for a plurality of dental implants. The method may include moving each
of a plurality of extension members, and rotating each of a plurality of copings coupled to a
corresponding extension member, to align each of the plurality of copings with a
corresponding one of the plurality of dental implants. The method may also include locking
the location and orientation of each coping with respect to a base, wherein the plurality of

extension members are movably coupled to the base.

[0018] The locking step may comprise mechanically locking the location and
orientation of each coping with respect to the base. In some embodiment, the locking step
may comprise mechanically locking the location and orientation of each coping with respect
to the base using a clamp. The method may also include, before locking the location and
orientation of each coping with respect to the base, removably securing each coping to the
corresponding one of the plurality of dental implants.

[0019] In at least one embodiment, the method may also inciude, after locking the
location and orientation of each coping with respect to the base, disconnecting each coping

from the corresponding one of the plurality of dental implants.

[0020] The method may also include, after disconnecting the copings, measuring the
location and orientation of the plurality of implants by measuring a location and orientation

of the plurality of copings.
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[

[0021] Also, the method may include, after disconnecting the copings, connecting
each coping to an implant analogue. Each implant analogue may be coupled to an implant
analogue extension member. Also, each implant analogue extension member, may be

coupled to a second base.

[0022] In at least one embodiment, the method may also include forming a negative
impression by encasing the plurality of implants and at least a portion of each coping In
impression material, and then separating the impression material and the copings together
from the implants. Afterward, the method may include applying casting material to the

negative impression to form a dental cast showing the implants.

[0023] In accordance with at least one embodiment, an apparatus is provided for
replicating a location and orientation of each of a plurality of dental implants. The
apparatus may include a base, and a plurality of extension members protruding from the
base. Each of the plurality of extension members may be movable in relation to the base.
Each extension member may include a proximal end connected to the base, a distal end,
and a implant analogue connected to the distal end. The implant analogue may be
movable in relation to a corresponding extension member. Furthermore, the implant

analogue may be adapted to be mechanically locked in a selected location and orientation.

[0024] The apparatus may also include a plurality of clamps. Each of the plurality of
clamps may be adapted to lock a corresponding extension member to the base. Also, each
of the plurality of clamps may be adapted to lock a corresponding implant analogue In a

selected location and orientation.

[0025] Each extension member may comprise an elongate upper portion and an
elongate lower portion and each of the plurality of clamps may be adapted to urge one ot

the upper and lower portions toward the other of the upper and lower portions of a

corresponding extension member.

[0026] Each implant analogue may be at least partially received in a corresponding
spherical member. Also, each of the plurality of clamps may be adapted to urge the upper
and lower portions of the corresponding extension member against an external surface of
the corresponding spherical member to lock a location and orientation of the corresponding

spherical member with respect to the extension member.
_5.
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(0027] Each implant analogue may be at least partially received in a through-hole of
the corresponding spherical member. The through-hole may be defined by an interior
surface of the spherical member. Each of the plurality of clamps may be adapted to urge
the upper and lower portions of the corresponding extension member against the external
surface of the corresponding spherical member to reduce a diameter of the through-hole of
the corresponding spherical member thereby urging the interior surface of the
corresponding spherical member against the corresponding implant analogue. This may

lock the location and orientation of the implant analogue with respect to the base.

[0028] The Iimplant analogue may be connected to the corresponding extension

member by a ball joint.

[0029] In at least one embodiment, the base may include at least one slot. Also,
each of the plurality of clamps may pass through one of the at least one slot, and each of
the plurality of clamps may be adapted to lock the corresponding extension member

relative to the corresponding slot.

[0030] A location and orientation of each implant analogue may be fixed with respect
to the corresponding extension member. However, each implant analogue may be
rotatable with respect to the corresponding extension member in at least two orthogonal
axes. Also, each clamp may be adapted to resist rotation of the corres'ponding implant

analogue relative to the corresponding extension member.

[0031] At least one extension member may be translatable along a plane, and each
extension member may be rotatable about an axis perpendicular to the plane. The axis

may be concentric with the corresponding clamp.

DRAWINGS
[0032] Figure 1 Is a perspective view of an impression device and a jawbone in

accordance with at least one embodiment;

[0033] Figure 2 I1s a partial cross-sectional view taken along line A-A of Figure 1 in

accordance with at least one embodiment;

[0034] Figure 3 I1s a partial perspective view of the impression device of Figure 1 in

accordance with at least one embodiment;
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[0035] Figure 4 i1s a partial perspective cut-away view of the impression device of

Figure 1 In accordance with at least one embodiment;

[0036] Figure 5 is a partial cross-sectional view taken along line B-B of Figure 1 in

accordance with at least one embodiment;

[0037] Figure 6 Is a partial perspective view of the impression device of Figure 1 in

accordance with at least one embodiment;

[0038] Figure 7 is a partial cross-sectional view taken along line C-C of Figure 1
showing an engaged clamp in accordance with at ieast one embodiment;

[0039] Figure 8 shows a flowchart illustrating a method for making a dental

framework in accordance with at least one embodiment;

[0040] Figure 9 is a perspective view of the impression device of Figure 1 secured to

a plurality of implants in the jawbone in accordance with at least one embodiment;

[0041] Figure 10 is a partial cross-sectional view taken along line D-D of Figure 9 in

accordance with at least one embodiment;

[0042] Figure 11 i1s a perspective view of the impression device of Figure 1 having
measurement targets secured thereto in accordance with at least one embodiment;

[0043] Figure 12 is a partial cross-sectional view taken along line E-E of Figure 11 in

accordance with at least one embodiment;

[0044] Figure 13 shows a flowchart illustrating a method for casting a jawbone to

make a jawbone cast in accordance with at least one embodiment;

[0045] Figure 14 is a perspective view of a custom impression tray in accordance

with at least one embodiment:

[0046] Figure 15 Is a perspective view of a custom impression tray including

impression material in accordance with at least one embodiment;

[0047] Figure 16 is a perspective view of the impression device and jawbone of

Figure 9 having the custom impression tray of Figure 15 applied thereto in accordance with

at least one embodiment;
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[0048] Figure 17 is a perspective view of the custom impression tray of Figure 14
after taking an impression of the dentition of the jawbone of Figure 16 in accordance with at

least one embodiment;

[0049] Figure 18 is a perspective view of the custom impression tray of Figure 17
having laboratory analogues secured thereto in accordance with at least one embodiment;

[0050] Figure 19 is a perspective view of a jawbone cast in accordance with at least

one embodiment:

[0051] Figure 20 is a perspective view of a framework in accordance with at least

one embodiment:

[0052] Figure 21 shows a flowchart illustrating a method for configuring a positive

Impression device in accordance with at least one embodiment:

[0053] Figure 22 is a perspective view of the impression device of Figure 1 and a

positive impression device in accordance with at least one embodiment:

[0054] Figure 23 is a partial cross-sectional view taken along line F-F of Figure 22
showing the impression device of Figure 1 secured to the positive impression device of
Figure 22 in accordance with at least one embodiment;

[0055] Figure 24 is a perspective view of the positive impression device of Figure 22
aligned with the framework of Figure 20 in accordance with at least one embodiment:

[0056] Figure 25 is a partial cross-sectional view taken along line G-G of Figure 24 in

accordance with at least one embodiment;

[0057] Figure 25 is a partial cross-sectional view taken along line G-G of Figure 24
showing the impression device of Figure 22 secured to the framework of Figure 20 in

accordance with at least one embodiment;

[0058] Figure 27 is a perspective view of an impression device having four copings

and a Jawbone having five implants in accordance with at least one embodiment; and

[0059] Figure 28 is a perspective view of an impression device having four copings

and a jawbone having five implants in accordance with at least one embodiment.

DESCRIPTION OF VARIOUS EMBODIMENTS
.8 -
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[0060] As used herein, the term “location” refers to an object's linear position, and
the term “orientation” refers to an object's angular position. Specifically the location of an
object is described by the object’s position along three perpendicular axes (e.g. X, y, z) and
the object’s orientation is described by the object’'s rotation about these three axes.

[0061] Figure 1 shows a perspective view of a jawbone 10 and an impression device
100 in accordance with at least one embodiment of the apparatus for measuring the
location and orientation of dental implants. In the example shown, impression device 100

iIncludes a base 110, and five extension members 112 protruding from base 110.

[0062] Impression device 100 may be manufactured from any one or more of a
number of suitable materials. For example, impression device 100 may include metal,
plastic, ceramics and elastomers. In at least one embodiment, impression device 100 has

a substantially rigid construction.

[0063] In at least one embodiment, impression device 100 may include fewer or
greater than five extension members 112. For example, impression device 100 may
include from one to ten extension members 112. Furthermore, aithough the example
shows only two lengths of extension members 112 (two long and three short), in
accordance with some embodiments there may be any distribution of lengths of extension
members 112. For example, impression device 100 may include extension members 112

all having the same length, or extensions members 112 all having different lengths.

[0064] Referring to Figure 2, each extension member 112, has a proximal end 114
connected to base 110, and a distal end 116. A coping 118 iIs connected to the distal end

116 of each extension member 112. In at least one embodiment, each coping 118 may
rotate about at least two orthogonal axes with respect to the corresponding extension
member 112. In alternative embodiments, one or more copings 118 may rotate about three

orthogonal axes (e.g. pitch, yaw, and roll) with respect to the corresponding extension

member 112.

[0065] In at least one embodiment, a coping 118 may be connected to distal end 116
of an extension member 112 by a ball joint. In the example shown, a coping 118 Is
connected to the distal end 116 of each extension member by a spherical member 120.
Spherical member 120 may include a through-hole 122 in which a respective coping 118 is

_9.
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received. In some embodiments, through-hole 122 may be sized to permit a coping 118

inserted therein to move along the longitudinal axis 124 of the through-hole 122.

[00606] Although through-hole 122 has a circular cross-section in the example shown,
In at least one embodiment, through-hole 122 may have a different cross-sectional profile
such as a square or irregular cross-section, for example. Moreover, the cross-sectional

profile of through-hole 122 may vary along its length in at least one embodiment.

[0067] Referring now to Figures 2 and 3, in the example shown, each extension
member 112 is connected to base 110 by a clamp 126. Generally, a clamp 126 may be
engaged to lock the location and orientation of the corresponding extension member 112

with respect to base 110.

[0068] When a clamp 126 is not engaged, the corresponding extension member 112
may move and rotate relative to the base 110. In the example shown, an extension
member 112 may rotate about a longitudinal axis 134 of the corresponding clamp 126, and
move In a plane perpendicular to that axis 134. In some embodiments, each extension
member 112 may include more or less freedom of movement when the respective clamp
126 is disengaged.

[0069] In the example shown, clamp 126 includes a threaded bolt 128 which extends
through an opening 130 in base 110 and an opening 132 in a respective extension member
112. Base 110 is shown with three openings 130, configured as slots. Slots 130 permit
each extension member 112 to be selectively coupled to base 110 at a selected position

along one of the slots 130.

[0070] In some embodiments, base 110 may include fewer or greater openings 130.
For example, base 110 may include one siot 130 through which all bolts 128 are inserted.
Alternatively, base 110 may include a different one opening 130 for each bolt 128. Where
base 110 includes one or more slots 130, they may be curved as shown, straight or follow

another suitable path.

[0071] Extension members 112 are shown each having an opening 132 configured
as a slot. Slot 132 allows the protrusion length of the respective extension member 112 to
be adjusted. In the example shown, bolt 128 may be selectively positioned along a

respective slot 132 for connecting extension member 112 to base 110 at the selected
- 10 -
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position. In some embodiments, each opening 132 may be configured as a singular hole, a

plurality of holes, or a piurality of slots.

[0072] In some embodiments, there may be no openings 130 or 132. For example,

clamps 126 may be configured as a C-clamp which does not need to pass through the

objects that it clamps.

[007 3] In the example shown, a clamp 126 includes a bolt 128 with external threads
along its shank that mate with the internal threads of a nut 133. The clamp 126 may be
engaged by tightening nut 133 until a lower surface 184 of washer 186 and an upper
surface 188 of nut 133 apply a compressive force onto base 110 and the respective
extension member 112. The compressive force may increase friction between the
respective extension member 112 and base 110 thereby locking the location and
orientation of the respective extension member 112 with respect to base 110. In at least
some embodiments, where clamp 126 is configured differently (e.g. as a C-clamp), clamp
126 may be engaged by a different mechanism.

[0074] In the example shown, each extension member 112 has an upper portion 136
and a lower portion 138. Opening 132 extends through both the upper and lower portions
136, 138. Generally, engaging clamp 126 may move the respective upper and lower
portions 136, 138 closer to each other such that they are in close proximity (or in an
abutting relationship).

[0075] At the distal end of extension member 112, the spherical member 120 is
shown positioned in a through-hole 140 which extends through both the upper and lower
portions 136, 138. As shown, through-hole 140 is defined by surfaces 190 of the upper and
lower portions 136, 138. Surfaces 190 may be arranged so that when the upper and lower
portions 136, 138 are brought together by engagement of the respective clamp 126,
surfaces 190 bear upon exterior 192 of the spherical member 120. In the example shown,
surfaces 190 have a concave shape that corresponds to the shape of spherical member
120. Preferably, this permits spherical member 120 and through-hole 140 to interact as a
spherical joint. In alternative embodiments, through-hole 140 may have a spherical, conical

cylindrical or complex shape, for example.

_ 11 -
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[0076] In the example shown, surfaces 190 are arranged such that when upper and
lower portions 136, 138 abut at distal end 116, a distance 194 between points of contact Is

equal to or less than a diameter 196 of the spherical member 120. For exampile, distance
194 may be from about 0% to 80% smaller than diameter 196 when upper and lower
portions 136, 138 abut at distal end 116. That is, when upper and lower portions 136, 138
abut at distal end 116, through-hole 116 is too small for spherical member 120 to fit inside.
Therefore, surfaces 190 bear upon exterior 192 of spherical member 120 when upper and
lower portions 136, 138 are compressed together by the respective clamp 126. This
increases friction between extension member 112 and spherical member 120 at the
interfaces of exterior 192 of spherical member 120 and surfaces 190. This increased
friction effectively locks the location and orientation of spherical member 120 with respect
to the respective extension member 112 by preferably preventing movement of the

spherical member 120.

[0077] Referring now to Figures 3 and 4, spherical member 120 is shown having a
slit 142 defined by opposing surfaces 198a and 198b. Slit 142 and through-hole 124 cause
spherical member 120 to have a “C” shape when viewed from above along longitudinal axis
124. Upon application of force on exterior 192, the gap between opposing surfaces 198a
and 198b may be reduced. In the example shown, surfaces 190 of the corresponding
extension member 112 may apply this force when clamp 126 compresses the upper and

lower portions 136, 138 together.

[0078] When clamp 126 compresses upper and lower portions 136, 138 causing
surfaces 190 of the respective extension member 112 to bear upon exterior 192 of
spherical member 120, opposing surfaces 198a and 198b may move toward each other. In
the example shown, if opposing surfaces 198a and 198b were to meet, the diameter 200 of
through-hole 122 would be reduced to less than the diameter 202 of coping 118. Therefore
when the gap between opposing surfaces 198a and 198b is reduced, the space between
the internal surfaces (not shown) that define through-hole 122, and exterior 204 of coping
118 may be substantially eliminated. This increases friction between the internal surfaces
that define through-hole 122 and exterior 204 of coping 118 thereby producing a tight fit.
This increased friction effectively locks the location and orientation of coping 118 with

respect to the corresponding spherical member 120.
_12 -
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[0079] As described in detail above, engaging clamp 126 may lock the location and

orientation of:
(1) one or more extension members 112 with respect to base 110;

(1) spherical member 120 with respect to the corresponding extension member
112; and

(i) coping 118 with respect to the corresponding spherical member 120.

[0080] Therefore, In the example shown, engaging clamp 126 may effectively lock
the location and orientation of coping 118 with respect to base 110.

[0081] Referring now to Figures 5 and 6, depending on the thickness, material and
length of an extension member 112, there is a risk that when clamp 126 is engaged
extension member 112 may deform or bend against the resistance of spherical member
120. This may result in an interference fit between spherical member 120 and surfaces
190 that define through-hole 140, which is ineffective for locking the location and orientation
of the respective coping 118 with respect to base 110. Therefore, an extension member
112 may be configured with a screw 144 to retain the distal end 116 of the upper and lower
portions 136, 138 In close proximity (or in abutting relationship). As clamp 126 is engaged,
the upper and lower portions 136, 138 may pivot toward each other about screw 144, which

may act similarly to a hinge.

[0082] The upper and lower portions 136, 138 of extension member 112 may
alternatively be connected at the distal end 116 by another mechanism, such as a clamp, a

bolt, a hinge, a weld, an elastic band, adhesive or by integrally molding the upper and lower
portions 136, 138 at the distal end 116. In some embodiments, the upper and lower

portions 136, 138 may be separated by a predetermined gap at distal end 116 using, for

example, a shim or surgery thread.

[0083] Referring to Figure 7, coping 118 has a through-hole 146. Through-hole 146
has an upper portion 148 and a lower recess 150. Lower recess 150 Is shaped to receive

an implant 12 (see Figure 1). In the example shown, lower recess 150 has a shape that is

a negative impression of an implant 12.

- 13-



10

15

20

25

30

CA 02828126 2013-09-24

[0084] A method 300 for making a dental framework will now be described with

reference to Figures 1-8.

[0085] At step 302, clamps 126 are not engaged and each coping 118 is aligned with
a corresponding implant 12. Coping 118 may have up to six degrees of freedom with
respect to base 110. In the example shown, coping 118 can move about a horizontal plahe
because coping 118 is coupled to extension member 112 that can move about the
horizontal plane with respect to base 110 as described above. Coping 118 can also rotate
about at least two perpendicular axes because coping 118 is coupled to spherical member
120 that can rotate about the at least two perpendicular axes with respect to extension
member 112 as described above. In at least one embodiment, coping 118 and spherical
member 120 can rotate about three perpendicular axes (e.g. pitch, yaw and roll) with
respect to extension member 112. Coping 118 can also move along longitudinal axis 124,
as described above. This freedom of movement may permit lower recess 150 to be

precisely mated with a respective implant 12.

[0086] At step 304, an impression screw 154 may be inserted into through-hole 146
and secured to implant 12. Figures 9 shows impression device 100 having an impression
screw 154 inserted into each coping 118. Securing impression screw 154 onto implant 12
may effectively lock the location and orientation of the respective coping 118 with respect to
the implant 12. Impression screw 154 may be substituted by a different fastener that is

compatible with the implant 12.

[0087] At step 306, clamps 126 are engaged thereby locking a location and
orientation of each coping 118 to base 110. Figure 10 shows an engaged clamp 126 with a
coping 118 secured to an impression screw 154 that is secured to an implant 12. In at
least one embodiment, locking the location and orientation of coping 118 with respect to the
respective implant 12 may prevent the coping 118 from losing alignment with the implant 12

while or after clamp 126 is secured.

[0088] At step 308, impression screws 154 are removed from implants 12, thereby

decoupling copings 118 from the corresponding implants 12.

[0089] Those skilled in the art will understand that method steps 302, 304, 306 and
308 may be performed for each coping 118.
_14 -
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[0090] After all copings 118 have been decoupled from the respective implants,

impression device 100 may be removed from a patient’'s mouth at step 310.

[0091] At step 312, a measurement system (not shown), including for example a
coordinate measurement device, may be used to measure the location and orientation of
the copings 118 with respect to base 110, which are mechanically locked in position by
clamps 126. Figures 11 and 12 show coping 118 having measurement targets 156
inserted into the upper portion 148 of through-hole 146. Generally, the measurement
system may capture the location and orientation of the measurement targets 156 from

which the location and orientation of the coping 118 may be determined.

[0092] In accordance with at least one embodiment, through-hole 146 Is internally
threaded and measurement targets 156 include screws for securing the measurement
targets 156 in the through-hole 146. A measurement target 156 may alternatively be
secured to a coping 118 by welding, adhesive, interference fit, or by integrally molding a

measurement target 156 with a coping 118, for example.

[0093] A coping 118 may be provided with more than one measurement target 156.
In some cases, providing additional measurement targets may improve the accuracy of
measurements taken by a measurement system capturing the targets 156. As shown in
Figure 12, a secondary measurement target 158 may be provided near the lower recess
150 of coping 118. In at least one embodiment, the rotation of coping 118 about about its
longitudinal axis 124 (i.e. roll) may be measured more accurately using a secondary

measurement target 158.

[0094] Although Figures 11 and 12 show cylindrical measurement targets 156, 158,

any type of measurement target 156, 158 that is compatible with the measurement system
may be used. In at least one embodiment, the measurement system may measure the

copings 118 themselves without the need for any measurement targets 156, 158 at all.

[0095] In some cases, the location of a patient’s implants 12 may make it difficult to
secure a coping 118 to every implant 12 at the same time. For example, two implants 12
may be positioned so close to one another that interference between the two respective
extension members 112 prevents the two respective copings 118 from being aligned with
those implants 12.
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[0096] Therefore, in accordance with at least one embodiment, the location and
orientation of a subset of implants 12 may be determined separately from another subset.
For example, by including the same implant 12 across subsets, that implant 12 may be
used as a reference point to combine the measurements of the different subsets. This is

illustrated by Figures 27 and 28.

[0097] Figures 27 and 28 show an impression device 100 configured with four
copings 118 for measuring a location and orientation of four out of five implants 12 in a
jawbone 10. The copings 118 are shown aligned with different implants 12 in Figure 27
than in Figure 28. However, three out of five copings 118 are aligned with the same
implants 12 in both Figures 27 and 28. These copings 118 may serve as reference points
for combining the two sets of measurements of four implants 12 into a single set of

measurements of all five implants 12.

[0098] In accordance with at least one embodiment, a jawbone cast may be made at
step 314 in addition or as an alternative to measuring the impression device 100 at step
312.

[0099] Figure 13 shows a flowchart illustrating a method 400 for casting a jawbone to
make a jawbone cast (step 314 in Figure 8). At step 402 a custom impression tray may be
made. Figure 14 shows an example of a custom impression tray 160 including openings

162 for receiving various parts of impression device 100.

[00100] At step 404, impression material may be applied inside custom impression

tray 160. Figure 15 shows custom impression tray 160 filled with impression material 164.

[00101] At step 406, custom impression tray 160, including impression material 164
may be placed over top of impression device 100, which is secured to jawbone 10 using
impression screws 154. As shown in Figure 16, various components of impression device
100, such as impression screws 154 and extension members 112, may extend through the

openings 162 in the custom impression tray 160.

[00102] Depending on the type of impression material 164, custom impression tray
160 may be kept in the place over jawbone 10 until the impression material 164 has set or
has been cured (e.q. by ultra-violet light). In at least one embodiment, strips of flexible

material (not shown), such as plastic for example, may be applied to custom impression
- 16 -
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tray 160 to prevent impression material 164 from escaping through openings 162.
Afterwards, impression screws 154 may be removed at 408 to decouple impression device
100 and custom impression tray 160 from jawbone 10. Next, impression device 100 and

custom impression tray 160 including impression material 164 may be removed from the

jawbone and the patient's mouth at step 410.

[00103] Figure 17 shows impression device 100, along with custom impression tray
160 and impression material 164 after they have been removed from the patient's mouth.

In the example shown, copings 118 continue to protrude through impression material 164.

[00104] At step 412, a laboratory analogue 166 may be attached to each coping 118,
as shown in Figure 18. As shown in Figure 19, each laboratory analogue 166 has an

Interface 168 that is analogous to the respective implant 12.

1001095] At step 414, casting material 170 (e.g. dental stone material) may be poured
onto the impression material 164. After the casting material 170 has set or is cured into a
Jjawbone cast 172, the jawbone cast 172 may be separated from the impression device
100, at step 416.

[00106] Figure 19 shows a jawbone cast 172 that may be made according to method
400. In the example shown, jawbone cast 172 includes laboratory analogues 166 whose
Interfaces 168 protrude from the casting material 170. Jawbone cast 172 may provide an
accurate representation of a patient's jawbone including precisely located and oriented

implant interfaces 168.

[00107] Returning to Figure 8 and method 300, at step 316 jawbone cast 172 may be
scanned by a measurement system in accordance with conventional techniques. In

accordance with at least one embodiment, jawbone cast 172 may be fitted with

measurement targets if required by the measurement system.

[00108] At step 318, a 3D model may be generated using the measurements taken
from impression device 100 at step 312 and/or from jawbone cast 172 at step 316. In

accordance with at least one embodiment, where impression device 100 and jawbone cast
172 are both measured and provide conflicting measurement data, the final measurement
data may be averaged or determined using an alternative algorithm (e.g. to produce a

lowest root mean square discrepancy).
217 -
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[00109]} At step 320, a framework 174 may be manufactured using the 3D model
generated at step 318. Figure 20 shows an example of a framework 174 that may be
manufactured according to method 300. In the example shown, framework 174 includes
implant interfaces 176 that have been made to couple with the implants 12. As shown,
each implant interface 176 includes a through-hole 178 configured to receive a fastener

(e.g a screw) for securing framework 174 onto a patient’s implants 12.

[00110] At step 324, a positive impression device may be configured. Figure 21

shows a flowchart illustrating a method 500 for configuring a positive impression device.

[00111] At step 502, a positive impression device 600 may be aligned with impression
device 100. The location and orientation of copings 118 have been previously locked by
the engagement of clamps 126 at 306. Figure 22 shows an example of a positive
impression device 600 positioned below impression device 100. As shown, impression
device 600 is similar to impression device 100, except that copings 118 have been
replaced by implant analogues 602. Like reference numerals refer to similar elements.
Accordingly, implaht analogues 602 may have multiple degrees of freedom to permit them
to precisely align with copings 118 of impression device 100.

[00112] At step 504, an impression screw 154 may be inserted into a through-hole
146 of each coping 118. As shown in Figure 23, each impression screw 154 secures an

implant analogue 602 in mating relationship with a coping 118.

[00113] At step 506, clamps 126 of positive impression device 600 may be engaged.
This may lock the location and orientation of implant analogues 602 with respect to base

110 of positive impression device 600.

[00114] At step 508 the impression screws 154 may be removed from the implant
analogues 602 thereby decoupling the positive impression device 600 from the impression

device 100. At step 510, the positive impression device 600 may be separated from

impression device 100.

[00115] Referring again to Figure 8, at step 326, framework 174 may be tested using
positive impression device 600. Figure 24 shows an example of a framework 174 having
implant interfaces 176 aligned in mating relationship with implant analogues 602 of positive

impression device 600.
- 18 -
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[00116] As shown in Figure 25, after framework 174 is mated with positive impression
device 600, a gap 180 between some implant analogues 602 and implant interfaces 176
may occur. A measured gap 180 may represent an alignment error. If gap 180 is too
large, then closing the gap 180 by tightening implant screw 182 may deform framework 174
or implant 12. This may introduce undesirable stress onto framework 174 and/or
compromise implant 12. Figure 26 shows framework 174 and positive impression device

600 of Figure 25 after tightening implant screw 182 to close gap 180.

[00117] At 328, it is determined whether the framework 174 requires adjustment or
remanufacturing based upon the measured gap(s) 180, if any. If adjustment is required,

the framework 174 is adjusted or remanufactured at 320. If not, the method ends at 330.

[00118] While particular embodiments have been illustrated and described, it will be
apparent to those skilled in the art that various other changes and modifications may be
made without departing from the scope of the present application. It is therefore intended

to cover in the appended claims all such changes and modifications.
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CLAIMS:

1.

An apparatus for measuring a location and orientation of each of a plurality of dental

implants, comprising:
a base; and

a plurality of extension members protruding from the base, wherein each of the
plurality of extension members is movable in relation to the base, each extension

member comprising:

a proximal end connected to the base,
a distal end, and

a coping connected to the distal end, wherein the coping is movable in
relation to a corresponding extension member, and wherein the coping is

adapted to be mechanically locked in a selected location and orientation.

The apparatus of claim 1, further comprising a plurality of clamps, wherein each of
the plurality of clamps is adapted to lock a corresponding extension member to the

base.

The apparatus of claim 2, wherein each of the plurality of clamps is adapted to lock a

corresponding coping in the selected location and orientation.

. The apparatus of claim 2,

wherein each extension member comprises an elongate upper portion and an

elongate lower portion, and

wherein each of the plurality of clamps is adapted to urge one of the upper and lower
portions toward the other of the upper and lower portions of a corresponding

extension member.

The apparatus of claim 4,
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wherein each coping Is at least partially received in a corresponding spherical

member, and

wherein each of the plurality of clamps is adapted to urge the upper and lower
portions of the corresponding extension member against an external surface of the
corresponding spherical member to lock a location and orientation of the

corresponding spherical member with respect to the extension member.

. The apparatus of claim 5,

wherein each coping is at least partially received in a through-hole of the
corresponding spherical member, wherein the through-hole is defined by an interior

surface of the spherical member, and

wherein each of the plurality of clamps is adapted to urge the upper and lower
portions of the corresponding extension member against the external surface of the
corresponding spherical member to reduce a diameter of the through-hole of the
corresponding spherical member, thereby urging the interior surface of the
corresponding spherical member against the corresponding coping, to lock the

location and orientation of the coping with respect to the base.

. The apparatus of claim 1 wherein the coping is connected to the corresponding

extension member by a ball joint.

. The apparatus of claim 1,

wherein the base comprises at least one slot:

wherein each of the plurality of clamps passes through one of the at least one slot:

and

wherein each of the plurality of clamps is adapted to lock the corresponding

extension member relative to the corresponding slot.

9. The apparatus of claim 2 wherein
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each coping defines a through-hole adapted to receive a screw connected to one of

the plurality of dental implants.
10. The apparatus of claim 9 wherein

the through-hole of each coping is sized to receive a measurement target detectable

by a control measurement device.
11. The apparatus of claim 2 wherein

the location and orientation of each coping is fixed with respect to the corresponding

extension member;

each coping Is rotatable about the corresponding extension member in at least two

orthogonal axes; and

each clamp is adapted to resist rotation of the corresponding coping relative to the

corresponding extension member.
12. The apparatus of claim 11 wherein
at least one extension member is positionable along a plane, and

each extension member is rotatable about an axis perpendicular to the plane, the

axis being concentric with the corresponding clamp.

13.A method of making a dental framework for a plurality of dental implants, the method

comprising:.

moving each of a plurality of extension members, and rotating each of a plurality of
copings coupled to a corresponding extension member, to align each of the plurality

of copings with a corresponding one of the plurality of dental implants; and

locking a location and orientation of each coping with respect to a base, wherein the

plurality of extension members are movably coupled to the base.

14. The method of claim 13 wherein
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the locking step comprises mechanically locking the location and orientation of each

coping with respect to the base.
15. The method of claim 13 wherein

the locking step comprises mechanically locking the location and orientation of each

coping with respect to the base using a clamp.
16. The method of claim 13 further comprising:

before locking the location and orientation of each coping with respect to the base,
removably securing each coping to the corresponding one of the plurality of dental

Implants.
17.The method of claim 14 further comprising:

after locking the location and orientation of each coping with respect to the base,
disconnecting each coping from the corresponding one of the plurality of dental

implants.
18. The method of claim 17 further comprising:

after disconnecting the copings, measuring the location and orientation of the
plurality of implants by measuring a location and orientation of each of the plurality of

copings.
19. The method of claim 17 further comprising:

after disconnecting the copings, connecting each coping to an implant analogue,
wherein each implant analogue is coupled to an implant analogue extension
member and wherein each implant analogue extension member, is coupled to a

second base.

20. The method of claim 13 further comprising:

forming a negative impression by:
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encasing the plurality of implants, and at least a portion of each coping in

iImpression material, and

separating the impression material and the copings together from the

implants; and

applying casting material to the negative impression to form a dental cast showing

the implants.

21.An apparatus for replicating a location and orientation of each of a plurality of dental

implants, comprising:
a base; and

a plurality of extension members protruding from the base, wherein each of the
plurality of extension members is movable in relation to the base, each extension

member comprising:

a proximal end connected to the base,
a distal end, and

an implant analogue connected to the distal end, wherein the implant
analogue is movable In relation to a corresponding extension member, and
wherein the implant analogue is adapted to be mechanically locked in a

selected location and orientation.

22.The apparatus of claim 21, further comprising a plurality of clamps, wherein each of
the pluralhty of clamps is adapted to lock a corresponding extension member to the

base.

23. The apparatus of claim 22, wherein each of the plurality of clamps is adapted to lock

a corresponding implant analogue in the selected location and orientation.

24. The apparatus of claim 22,
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wherein each extension member comprises an elongate upper portion and an

elongate lower portion, and

wherein each of the plurality of clamps is adapted to urge one of the upper and lower
portions toward the other of the upper and lower portions of a corresponding

5 extension member.
25. The apparatus of claim 24,

wherein each implant analogue is at least partially received in a corresponding

spherical member, and

wherein each of the plurality of clamps is adapted to urge the upper and lower
10 portions of the corresponding extension member against an external surface of the
corresponding spherical member to lock a location and orientation of the

corresponding spherical member with respect to the extension member.

26. The apparatus of claim 25

wherein each implant analogue is at least partially received in a through-hole of the
15 corresponding spherical member, wherein the through-hole is defined by an interior

surface of the spherical member, and

wherein each of the plurality of clamps i1s adapted to urge the upper and lower

portions of the corresponding extension member against the external surface of the

corresponding spherical member to reduce a diameter of the through-hole of the
20 corresponding spherical member thereby urging the interior surface of the

corresponding spherical member against the corresponding implant analogue, to

lock the location and orientation of the implant analogue with respect to the base.

27.The apparatus of claim 21 wherein the implant analogue is connected to the

corresponding extension member by a ball joint.
25 28. The apparatus of claim 21,

wherein the base comprises at least one slot;
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wherein each of the plurality of clamps passes through one of the at least one slot;

and

wherein each of the plurality of clamps is adapted to lock the corresponding

extension member relative to the corresponding slot.
5 29. The apparatus of claim 22 wherein

the location and orientation of each implant analogue is fixed with respect to the

corresponding extension member;

each implant analogue is rotatable about the corresponding extension member in at
least two orthogonal axes; and

10 each clamp is adapted to resist rotation of the corresponding implant analogue

relative to the corresponding extension member.
30. The apparatus of claim 22 wherein
at least one extension member is positionable along a plane, and

each extension member is rotatable about an axis perpendicular to the plane, the
15 axis being concentric with the corresponding clamp.
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