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The '456 Patent

R R BACKGROUND

o R ol ordi B

rmemnocienal ey Apparatus, systems, and methods have been developed to
TERERRE facilitate teeth movement utihizing clear, removable teeth
S aligners as an alternative 1o braces. A mold of the patient’s
T bite is initially taken and desired ending positions for the
eI patient’s teeth (1.e., a functionally and aestheticallv optimum
e position) are determined, based on a prescription provided

e by an orthodontist or dentist.

Therefore a need clearly exists for apparatus, systems, and
methods to increase automation of a tooth movement treat-
ment planming process. Ideally, such automation would
reduce the time and resources needed to stage the movement

of teeth during an alignment treatment. At least some of
ST AT these ohjectives will be met by the present invention.

EX-1001, 1:39-45, 2:7-11; Pet. 1.
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE clearcerrect 2



The '456 Patent

LRI
iz Umited States Patent ay Paseni Nz US 11260456 B2
RKiiching of #l, a4y Thaig of Paieniz Jun, 3%, 30k}

FATEB TRE ATV S T b L Bafpvmors © mod

to determine

whether a collision is likely, the computer program can

suitably calculate distances between a first tooth and a

e second tooth and then apply geometrical techniques, such as

T those disclosed 1n disclosed mm U.S. Pat. No. 6,729,876,

! entitled “Tooth Path Treatment Plan™ issued on May 4, 2004
and assigned to Align Technology. Inc.

CleprCoarect Exhubic 108, Page 1 of 21

EX-1001, 6:47-54; Pet. 4.
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The '456 Patent

What is claimed is:
1. A computer-implemented method comprising:

0 0 0 O O O determining a schedule of movement for dental objects

during treatment stages of an orthodontic treatment,

i Fadent ot P w38, 2083 wherein the schedule of movement indicates whether or

o T ST —— nol each of the dental objects moves duning each of the
i A TR o treatment stages:

- '.‘E::'.‘l‘:'n.‘.;‘:h.‘...'.‘-=. calculating a respective treatment path for each of the

ISR memy me dental objects between their respective initial position

P and respective final position:

identitying a collision between a first of the dental objects
and a second of the dental objects based at least on the
schedule of movement of the dental objects and the
respeclive treatment paths:

performing a first modification of the schedule of move-
ment in response to the identifying, the first modifica-
tion of the schedule of movement modifying whether or
not at least one of the dental objects move during at
least one of the treatment stages;

determining that the first modification does not avoid a
collision between the first of the dental objects and the
second of the dental objects; and

performing a second modification of the schedule of
movement after the determining that the first modifi-
cation does not avoid a collision, the second modifi-
cation of the schedule of movement modifying whether

CleasCosmeer Exhibis 1001, Page 1 o731 or not at least one of the dental ohjects move during at

least one of the treatment stages.

EX-1001, Claim 1.
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE clearcerrect 4



Instituted Grounds

Ground Claims Challenged | 35 U.S.C. References
1 1-9. 11, 13-17 §103 Chishti-511. Chishti-876. and
Sachdeva
2 10.12. 18,19 §103 Chishti-511. Chishti-876.
Sachdeva. and Becker

Pet. 3; Paper 14 at 30.
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« Ground 1 - Chishti-511 in view of Chisthi-876 and Sachdeva

— ldentifying a collision and performing a modification in response
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Chishti-511 Overview

s 110 S 100
AGQUIRE MOLD OF PATIENTS |
TEETH AND TISSUE
g 120 Having both a beginning position and a final position for
SEGMENT CONSTITUENTS. | cach tooth, the process next defines a tooth path for the
- 130 motion of each tooth. The tooth paths are optimized in the
‘ o ‘ aggregale so that the tecth are moved in the quickest fashion
LN T with the least amount of round-tripping to bring the teeth
| SPECIFY FINAL TOOTH POSITIONS (+——— from their initial positions to their desired final positions.
' (Round-tripping is any motion of a tooth in anv direction
=150 . 1 .y
e other than direetly toward the desired final position. Round-
FIME P P . . . :
WHICH 10 REPOSITION TEETH - tripping is sometimes necessary to allow teeth to move past
' ; ’ each other.) The tooth paths are segmented. The segments
| ¥ - . .
. S are calculated so that each tooth’s motion within a segment
| INTERAGTWITH GLINIGIAN | stays within threshold limits of linear and rotational trans-
| . lation. In this way, the end points of cach path segment can
M omcuamameney L constitute a clinically viable repositioning, and the aggregate
| MOVE TEETH ON THE PATHS IN of segment end points constitute a clinically viable sequence
i THE STEPS of tooth positions, so that moving from one point 1o the next
l s in the sequence doces not result in a collision of tecth.
r - 1
! MANUFACTURE REPOSITIONING
APPLIANCES TO REPOSITION
TEETH IN STEPS DEFINED BY
SEGMENTATION
FIG. 1

EX-1004, Fig. 1; 4:7-22; Pet. 9, 32-33.
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Chishti-511 Overview

FIG. 2 illustrates a process 200 implementing the
appliance-calculation step (FIG. 1, step 170) for polymeric
shell aligners of the kind described in above-mentioned
patent application Ser. No. 09/169,276. Inputs to the process
include an initial aligner shape 202, various control param-
eters 204, and a desired end configuration for the teeth at the

end of the current treatment path segment 206. Other inputs

include digital models of the teeth in position in the jaw,
models of the jaw tissue, and specifications of an initial
aligner shape and of the aligner material. Using the input

data, the process creates a finite element model of the
aligner, teeth and tissue, with the aligner in place on the teeth
(step 210). Next, the process applies a finite element analysis
to the composite finite element model of aligner, teeth and
tissue (step 220).

The segmented tooth paths and associated tooth position
data are used to calculate clinically acceptable appliance
configurations (or successive changes in appliance
configuration) that will move the teeth on the defined
treatment path in the steps specified by the path segments
(step 170). Each appliance configuration represents a step

EX-1004, Fig. 1, 4:51-56, 5:7-30; Pet. 9-10, 33-34, 36, 39; Reply, 1.
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Chishti-511 Overview
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EX-1004, Figs. 1, 6; Pet. 39-40, 45; Reply, 1-2, 4, 13,
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Chishti-511 Overview
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EX-1004, Figs. 1, 6; Pet. 39-40, 45; Reply, 1-2, 4, 13,
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Chishti-511's Simulation of Tooth Movement

] I An exemplary set of
rules, which defines changes to be made 1o the aligner,
includes the following: if the motion of the tooth is too slow,
add driving material to the aligner opposite the desired
direction of motion; if the motion of the tooth is too slow,
add driving material to overcorrect the position of the tooth;
if the tooth is too far short of the desired end position, add
material to overcorrect; if the tooth has been moved too far
past the desired end position, add material to stiffen the
aligner where the tooth moves to meet it; if a maximum
amount of driving material has been added, add material to
overcorrect the repositioning of the tooth and do not add
driving material; if the motion of the tooth 1s in a direction
other than the desired direction, remove and add material so
as to redirect the tooth.

When an aligner configuration has been found for cach
step or segment of the treatment path (step 604), the overall
process 600 determines whether all of the aligners are
acceptable (step 606). If they are, the process exits and is
complete, Otherwise, the process optionally undertakes a set
of steps 610 in an attempt to calculate a set of acceptable
aligners.

First, one or more of the constraints on the aligners is
relaxed (step 612). Then, for each path segment with an
unacceptable aligner, the process 200 of shaping an aligner
is performed with the new constraints (step 614). If all the

aligners are now acceptable, the overall process 600 exits
(step 616).

of the unsatisfactory appliance. The clinical constraints can
include a maximum rate of displacement of a tooth, a
maximum force on a tooth, and a desired end position of a
tooth. The maximum force can be a linear force or a
torsional force. The maximum rate of displacement can be a
linear or a angular rate of displacement. The apparatus of the

EX-1004, 8:29-35, 2:30-35, 7:37-51; Pet. 45-47; Reply, 1-2.
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Chishti-511 Overview
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EX-1004, Figs. 1, 6; Pet. 39-40, 45; Reply, 1-2, 4, 13,
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Chishti-511 Redefining Tooth Paths
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Aligners may be unacceptable for a variety of reasons,
some of which are handled by the overall process. For
example, if any impossible movements were required
(decision step 6200), that 1s, if the shape calculation process
200 was required to effect a motion for which no rule or
adjustment was available, the process 60 proceeds to
execule a module that calculates the configuration of a
hardware attachment to the subject tooth to which forces can
be applied to effect the required motion (step 640). Because
adding hardware can have an effect that is more than local,
when hardware 1s added 1o the model, the outer loop of the
overall process 600 is executed again (step 642).

If no impossible movements were required (“no” branch
from step 620), the process transfers control to_a path
definition process (such as step 150, FIG. 1) to redefine those
parts of the treatment path having unacceptable aligners
(step 630). This step can include both changing the incre-
ments of tooth motion, i.e., changing the segmentation, on
the treatment path, changing the path followed by one or
more teeth in the treatment path, or both. After the treatment

path has been redetined, the outer loop of the overall process
is executed again (step 632). The recalculation is advanta-

EX-1004, Fig. 1, 8:42-63; Pet. 9-10, 39-40, 44-46; Reply, 2, 12-13.
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Sachdeva Discloses a Treatment Planning System

The process begins at step 4 where, on a tooth by tooth
basis, a three-dimensional direct path of movement is deter-
mined. The three-dimensional direct path i1s determined
from an actual tooth position in relation to a desired tooth
position. Such was discussed with reference to FIG. 3. The
process then proceeds to siep 42 where the tooth movement
for a plurality of teeth in the upper arch and lower arch is
simulated based on each tooth’s direct path. The simulation
of the tooth movement will be based on several factors
including the number of steps in the treatment, a growth
factor if applicable, normalized movement of tecth for a
normalized patient, uniformity of force upon each tooth for
displacement, and user inputs, such as function, aesthetics,
and stability. The normalized patient information will be

EX-1007, Fig. 4, 4:50-63; Pet. 11-12; Reply, 5.
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Sachdeva Discloses a Treatment Planning System
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EX-1007, Fig. 4, 4:50-63; Pet. 11-12, 37: Reply, 5.
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Sachdeva Discloses Collision Identification
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The process begins at step 40 where, on a tooth by tooth
basis, a three-dimensional direct path of movement is deter-
mined. The three-dimensional direct path is determined
from an actual tooth position in relation to a desired tooth
position. Such was discussed with reference to FIG. 3. The
process then proceeds to step 42 where the tooth movement
for a plurality of teeth in the upper arch and lower arch is
simulated based on each tooth’s direct path. The simulation

The process then proceeds to step 44 where a determina-
tion is made as to whether a conflict in movement arose
between at least two tecth during the simulation. A conflict
may arise in that the movement of one tooth interferes with
the direct path movement of another tooth causing a par-
ticular tooth to not be able to obtain its desired position.

EX-1007, Fig. 4, 4:50-57, 5:3-8; Pet. 11-12, 37-39; Reply, 4-7, 14.
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Sachdeva Discloses Collision Identification

What is claimed is:

1. A computer-implemented method comprising:

determining a schedule of movement for dental objects
during treatment stages of an orthodontic treatment,
wherein the schedule of movement indicates whether or
not each of the dental objects moves dunng each of the
treatment stages:

calculating a respective treatment path for each of the
dental objects between their respective initial position
and respective final position:

identitying a collision between a first of the dental objects
and a second of the dental objects based at least on the
schedule of movement of the dental objects and the
respective lreatment paths:

performing a first modification of the schedule of move-
ment in response to the identifying, the first modifica-
tion of the schedule of movement modilying whether or
not at least one of the dental objects move during at
least one of the treatment stages:

determining that the first modification does not avoid a
collision between the first of the dental objects and the
second of the dental objects; and

performing a second modification of the schedule of
movement after the determining that the first modifi-
cation does not avoid a collision, the second modifi-
cation of the schedule of movement modifying whether
or not at least one of the dental objects move during at
least one of the treatment stages.

The process begins at step 40 where, on a tooth by tooth
basis, a three-dimensional direct path of movement is deter-
mined. The three-dimensional direct path is determined
from an actual tooth position in relation to a desired tooth
position. Such was discussed with reference to FIG. 3. The
process then proceeds to step 42 where the tooth movement
for a plurality of teeth in the upper arch and lower arch is
simulated based on each tooth’s direct path. The simulation

The process then proceeds to step 44 where a determina-
tion is made as to whether a conflict in movement arose
between at least two teeth during the simulation. A conflict
may arise in that the movement of one tooth interferes with
the direct path movement of another tooth causing a par-
ticular tooth to not be able to obtain its desired position.

EX-1001, Claim 1; EX-1007, 4:50-57, 5:3-8; Pet. 11-12, 37-39; Reply, 4-7, 14.
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Sachdeva Discloses Collision Avoidance
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If a conflict arose between two or more teeth, the process
proceeds 1o step 46. Al step 46, the confliet 1s resolved wath
respect to a priority tooth. The resolution of the conflict is
further described with reference to steps 60 through 66. At
step 60, a relationship 1s determined between the teeth and
conflict. The process then proceeds 1o step 62 where a
priority tooth s selected between the teeth and conflict. The
priority may be established based on whether the tooth 1s a
foundation tooth, whether the conflict results from an inter-
arch conflict or an intra-arch conflict, and/or whether the
teeth in conflict eflect other teeth in movement. For an
mtra-arch conflict, the actual position of the tooth will
dictate whether the upper tooth is priority or the lower tooth
15 priority. If the lower tooth protrudes preventing the upper
tooth from moving back, the lower tooth must be moved
before the upper tooth can be positioned. Conversely, if the
upper tooth is interfering with the lower tooth from being
moved out, the upper tooth must first be moved.

The resolution of the conflict then proceeds to step 64
where movement of the priority tooth is determined to
resolve the contlict. As such, the priority tooth is moved
sufficiently to resolve the conflict. The process then proceeds
to step 66 where the simulation is adjusted based on the
movement of the priority tooth. Note that depending on the
priority tooth and the conditions giving rise to the conflict,
the movement of the priority tooth may be done indepen-
dently of other tooth movement or in parallel with other
tooth movement.

EX-1007, Fig. 4, 5:9-36; Pet. 11-12, 41-43; Reply, 10-11.
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Sachdeva Discloses Collision Avoidance

If a conflict arose between two or more teeth, the process
Dr. Yadav proceeds 1o step 4{6, Al slep 46, the L'{anrﬂic! i.':i resolved Lwitﬁh

. respect to a priority tooth. The resolution of the conflict is
further described with reference to steps 60 through 66. At
step 60, a relationship 1s determined between the teeth and
conflict. The process then proceeds 1o step 62 where a
priority tooth s selected between the teeth and conflict. The

114. In my opimion, a POSITA would have understood that, often, teeth will

move at the same time 1f possible. In the examples provided by Sachdeva. however. priority may be established based on whether the tooth is a
foundation tooth, whether the conflict results from an inter-
two teeth are prevented from mitiallv moving together due to interfering with each arch conflict or an intra-arch conflict, and/or whether the

teeth 1o conflict effect other tecth in movement. For an
mtra-arch conflict, the actual position of the tooth will
dictate whether the upper tooth is priority or the lower tooth
15 priority. If the lower tooth protrudes preventing the upper
tooth from moving back, the lower tooth must be moved
before the upper tooth can be positioned. Conversely, if the

other. Sachdeva’s system modifies the schedule of movement for the nonprionty

tooth so that mstead of moving with the priority tooth. the nonpriority tooth’s initial

movement is instead delaved and moved after the priority tooth in a later treatment upper tooth is interfering with the lower tooth from being
moved out, the upper tooth must first be moved.

stage. Thus. Sachdeva’s modification modifies “whether or not at least one of the The resolution of the conflict then proceeds 1o siep 64
where movement of the priority tooth is determined to

dental objects move[s] during at least one of the treatment stages.” resolve the conflict. As such, the priority tooth is moved

sufficiently to resolve the conflict. The process then proceeds
to step 66 where the simulation is adjusted based on the
movement of the priority tooth. Note that depending on the
priority tooth and the conditions giving rise to the conflict,
the movement of the priority tooth may be done indepen-
dently of other tooth movement or in parallel with other
tooth movement.

EX-1007, 5:9-36; Ex-1003, §[114; Pet. 11-12, 41-43; Reply, 10-11.
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Sachdeva Discloses Collision Avoidance

What is claimed is:

treatment stages:

and respective final position:

respeclive treatment paths:

least one of the treatment stages:

second of the dental objects; and

least one of the treatment stages.

1. A computer-implemented method comprising:

determining a schedule of movement for dental objects
during treatment stages of an orthodontic treatment,
wherein the schedule of movement indicates whether or
not each of the dental objects moves during each of the

calculating a respective treatment path for each of the
dental objects between their respective initial position

identitying a collision between a first of the dental objects
and a second of the dental objects based at least on the
schedule of movement of the dental objects and the

perlorming a first modification of the schedule of move-
ment in response to the identifying, the first modifica-
tion of the schedule of movement modifyving whether or
not at least one of the dental objects move during at

determining that the first modification does not avoid a
collision between the first of the dental objects and the

performing a second modification of the schedule of
movement after the determining that the first modifi-
cation does not avoid a collision, the second modifi-
cation of the schedule of movement modifying whether
or not at least one of the dental objects move during at

If a conflict arose between two or more teeth, the process
proceeds 1o step 46. Al step 46, the confliet 1s resolved wath
respect to a priority tooth. The resolution of the conflict is
further described with reference to steps 60 through 66. At
step 60, a relationship 1s determined between the teeth and
conflict. The process then proceeds 1o step 62 where a
priority tooth s selected between the teeth and conflict. The
priority may be established based on whether the tooth 1s a
foundation tooth, whether the conflict results from an inter-
arch conflict or an intra-arch conflict, and/or whether the
teeth in conflict eflect other teeth in movement. For an
mtra-arch conflict, the actual position of the tooth will
dictate whether the upper tooth is priority or the lower tooth
15 priority. If the lower tooth protrudes preventing the upper
tooth from moving back, the lower tooth must be moved
before the upper tooth can be positioned. Conversely, if the
upper tooth is interfering with the lower tooth from being
moved out, the upper tooth must first be moved.

The resolution of the conflict then proceeds to siep 64
where movement of the priority tooth is determined to
resolve the contlict. As such, the priority tooth 15 moved
sufficiently to resolve the conflict. The process then proceeds
to step 66 where the simulation is adjusted based on the
movement of the priority tooth. Note that depending on the
priority tooth and the conditions giving rise to the conflict,
the movement of the priority tooth may be done indepen-
dently of other tooth movement or in parallel with other
tooth movement.

EX-1001, Claim 1; EX-1007, 5:9-36; Pet. 11-12, 41-43; Reply, 10-11.
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Chishti-511 Overview
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Aligners may be unacceptable for a variety of reasons,
some of which are handled by the owverall process. For
example, if any impossible movements were required
(decision step 620), that is, if the shape calculation process
200 was required to effect a motion for which no rule or
adjustment was available, the process 600 proceeds fo
execule a module that calculates the configuration of a
hardware attachment to the subject tooth to which forces can
be applied to effect the required motion (step 640). Because
adding hardware can have an effect that is more than local,
when hardware 1s added 1o the model, the outer loop of the
overall process 600 is executed again (step 642).

If no impossible movements were required (“no” branch
from step 620), the process transfers control to_a path
definition process (such as siep 150, FIG. 1) io redefine those
parts of the treatment path having unacceptable aligners
(step 630). This step can include both changing the incre-
ments of tooth motion, i.e., changing the sggmentatiﬂn, on
the treatment path, changing the path followed by one or
more teeth in the treatment path, or both. After the treatment
path has been redefined, the outer loop of the overall process
is executed again (step 632). The recalculation is advanta-

— —

EX-1004, Fig. 6, 8:42-63; Pet. 39-40, 45; Reply, 1-2, 4, 13,
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Chishti-511 Iterates to Calculate a Treatment Plan
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Aligners may be unacceptable for a variety of reasons,
some of which are handled by the overall process. For
example, if any impossible movements were required
(decision step 6200), that 1s, if the shape calculation process
200 was required to effect a motion for which no rule or
adjustment was available, the process 60 proceeds to
execule a module that calculates the configuration of a
hardware attachment to the subject tooth to which forces can
be applied to effect the required motion (step 640). Because
adding hardware can have an effect that is more than local,
when hardware 1s added 1o the model, the outer loop of the
overall process 600 is executed again (step 642).

If no impossible movements were required (“no” branch
from step 620), the process transfers control to_a path
definition process (such as step 150, FIG. 1) to redefine those
parts of the treatment path having unacceptable aligners
(step 630). This step can include both changing the incre-
ments of tooth motion, i.e., changing the segmentation, on
the treatment path, changing the path followed by one or
more teeth in the treatment path, or both. After the treatment

path has been redetined, the outer loop of the overall process
is executed again (step 632). The recalculation is advanta-

EX-1004, Fig. 1, 8:42-63; Pet. 39-40, 44-46; Reply, 2, 12-13.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

clearcerrect



Chishti-876 Iterates to Calculate a Treatment Plan
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| in each colliding pair by selecting a new position for one of

r . e the intermediate steps (step 1608) and creating a new spline
Sample between r___{;""’ curve (1602). The program then samples the new path

mterpm:::f; stm " (1604) and again applies the collision detection algorithm
. (1606). The program continues in this manner until no

1606 collisions are detected. The routine then stores the paths,

1608

Y | Alter at least one path |
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¥

FIG._6 -

h
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EX-1005, Fig. 6, 13:38-45; Pet. 47.
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Chishti-511 Iterates to Calculate a Treatment Plan

What is claimed is:

1. A computer-implemented method comprising:

determining a schedule of movement for dental objects
during treatment stages of an orthodontic treatment,
wherein the schedule of movement indicates whether or
nol each of the dental objects moves during each of the
treatment stages:

calculating a respective treatment path for each of the
dental objects between their respective initial position
and respective final position;

identitying a collision between a first of the dental objects
and a second of the dental objects based at least on the
schedule of movement of the dental objects and the
respeciive treatment paths:

performing a first modification of the schedule of move-
ment in response to the identifying, the first modifica-
tion of the schedule of movement modifying whether or
not at least one of the dental objects move during at
least one of the treatment stages;

determining that the first modification does not avoid a
collision between the first of the dental objects and the
second of the dental objects: and

performing, a second modification of the schedule of
movement after the determining that the first modifi-
cation does not avoid a collision, the second modifi-
cation of the schedule of movement modifying whether
or not at least one of the dental objects move during at
least one of the treatment stages.

— 110 ~ 100
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FIG. 1

EX-1001, Claim 1; EX-1004, Fig. 1; Pet. 9-10, 44-46.
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Align Argues that a “Conflict” Is Not a “Collision”

Petitioner fails to explain how “a conflict” as described in Sachdeva in
which a stationary tooth cannot move becaunse another tooth blocks its path

constitutes a collision between teeth. Indeed. as Petitioner’s expert. Dr. Yadav,

POR, 37; Reply, 6.
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE clearcerrect 26



Sachdeva Simulates Teeth Movement

FIG. 4 The process begins at step 40 where, on a tooth by tooth
(st ) ) basis, a three-dimensional direct path of movement is deter-
conflict for a 50 mined. The three-dimensional direct path is determined
40 single tooth? extract the tooth i et . . -
Y r from an actual tooth position in relation to a desired tooth

an a tooth by tooth basis,
determineg a 30 direct
path of movement from
actual posifion to a

position. Such was discussed with reference to FIG. 3. The
process then proceeds to step 42 where the tooth movement
Fe-simulate tooth movement for a plurality of teeth in the upper arch and lower arch is

52

1 P

desired position based on change i . B i
simulated based on each tooth’s direet path. The simulation
& . . “
of the tooth movement will be based on several factors
v A 58 . . , .
‘s 3D direct including the number of steps 1n the treatment, a growth
s'bmaﬂzge;ﬂ:c“;mmm path appropriate? determine an allemale 3D path factor if applicable, normalized movement of tecth for a
direct path normalized patient, uniformity of force upon each tooth for
g = o = . =
{56 60 displacement, and user inputs, such as function, aesthetics,
- ” ; determine a relationship . e ’ . . s . i
i If o = s [ - " -
o 4 utilize the 30 direct paths between the beelh in confict and stability. The normalized patient mformation will be

r }'62

conflict anse
between teeih?

select the prionty toath

The process then proceeds to step 44 where a determina-

(46 £66 L 564 tion i1s made as to whether a conflict in movement arose
adjust the simulation determine movement of the . : - adre . -
S based on the movement ke Drionity toofh 10 resohe the between at least two teeth during the simulation. A conflict
et 1o ;";I{'ﬁrt:’:‘mm of the priarity tooth conflict may arise in that the movement of one tooth interferes with
the direct path movement of another tooth causing a par-

ticular tooth to not be able to obtain its desired position.

EX-1007, Fig. 4, 4:50-63, 5:3-8; Pet. 11-12, 37-39; Reply, 4-7, 14.
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Sachdeva Discloses Collision Identification and Avoidance
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The process then proceeds to step 44 where a determina-
tion is made as to whether a conllict in movement arose
between at least two teeth during the simulation. A conflict
may aris¢ in that the movement of one tooth interferes with
the direct path movement of another tooth causing a par-
ficular tooth to not be able to obtain its desired position.

If a conflict arose between two or more tecth, the process
proceeds to step 46. At step 46, the conflict is resolved with
respect 1o a priority tooth. The resolution of the conflict is
further described with reference to steps 60 through 66. At
step 60, a relationship is determined between the teeth and
conflict. The process then proceeds to step 62 where a
priority tooth is selected between the teeth and conflict. The
priority may be cstablished based on whether the tooth is a
foundation tooth, whether the conlflict results from an inter-
arch conflict or an intra-arch conflict, and/or whether the
teeth in conflict effect other teeth in movement. For an
intra-arch conflict, the actual position of the tooth will
dictate whether the upper tooth 1s priority or the lower tooth
1s priority. If the lower tooth protrudes preventing the upper
tooth from moving back, the lower tooth must be moved
before the upper tooth can be positioned. Conversely, if the
upper tooth is interfering with the lower tooth from being
mowved out, the upper tooth must first be moved.

EX-1007, Fig. 4, 5:3-26; Pet. 11-12, 37-39, 41-43; Reply, 4-7, 10-11.
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Contemporaneous Evidence Refers to Sachdeva as Detecting Collisions

OV LXOARS

n United States Patent o Poteet No:  US 6,632,089 B2

Rubbert et ul ) Dutc of Patent: Ocn, 14, 28

(340 ORTRODONTIC TREATMENT FLANNING

WETME SR S0 O TSIV EATION O
TORFTN MON EASENT

» Mudger Buhtwort, Borin 0061 Themn
Wabe, ook (D45 Biobit Sachebews,
" ol Wy

ClearC orrect Exhaber 1033, Page 1 of 46
ClearComest v. Align « IPR2025-00816

Because the teeth are represented as complete three-
dimensional wvirtual objects, it 18 possible to detect the
collision between teeth or between teeth and brackets in the
simulation of movement of teeth from the current to the
target situwation. The point cloud representing tooth objects
defines a surface, when surfaces come 1 contact during the
tooth movement a collision 18 simulated. This collision 1s
detected by suitable collision detection algorithms, When
the collisions are detected, the user can be notified of the

collision and resolve the conflict between teeth, for example
by selecting one tooth as a primary tooth and moving that
tooth first in an initial stage of treatment, and then moving
the other tooth in a secondary stage of treatment. These
features are described in further detal in U.S. Pat. No.
6,250,918 to Sachdeva et al., the contents of which are
incorporated by reference herein.

Ex-1043, 30:1-16; Reply, 7-8
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The '456 Patent Claims Sachdeva’s Approach

8. A computer-implemented method comprising:

determining a schedule of movement for dental objects
during treatment stages of an orthodontic treatment,
wherein the schedule of movement indicates whether or
not each of the dental objects moves during each of the
treatment stages;

calculating a respective treatment path for each of the
dental objects between their respective initial position
and respective final position;

identifying a colhision between a first of the dental objects
and a second of the dental objects based at least on the
schedule of movement of the dental objects and the
respective treatment paths:

performing a first modification of the schedule of move-
ment in response (o the identifving, wherein the first
modification comprises delaying initial movement of
the first of the dental objects:

determining that the first modification does not avoid a
collision between the first of the dental objects and the
second of the dental objects; and

performing a second modification of the schedule of
movement after the determining that the first modifi-
cation does not avoid a collision.

'456 Patent, Claim 8

If a conflict arose between two or more teeth, the process
proceeds 1o step 46. At siep 46, the conflict 1s resolved with
respect to a priority tooth. The resolution of the conflict is
further described with reference 1o steps 60 through 66. At
step 60, a relationship is determined between the teeth and
conflict. The process then proceeds to siep 62 where a
priority tooth is selected between the teeth and conflict. The
priority may be established based on whether the tooth is a
foundation tooth, whether the conflict results from an inter-
arch conflict or an intra-arch conflict, and/or whether the
teceth 1o conllict effeet other teeth in movement. For an
intra-arch conflict, the actuval position of the tooth will
dictate whether the upper tooth s priority or the lower tooth
is priority. If the lower tooth protrudes preventing the upper
tooth from moving back, the lower tooth must be moved
before the upper tooth can be positioned. Conversely, if the
upper tooth is interfering with the lower tooth from being
moved out, the upper tooth must first be moved.

The resolution of the conflict then proceeds to step 64
where movement of the priority tooth is determined to
resolve the conflict. As such, the priority tooth is moved
sufficiently to resolve the conflict. The process then proceeds
to step 66 where the simulation is adjusted based on the
movement of the priority tooth. Note that depending on the
priority tooth and the conditions giving rise to the conflict,
the movement of the priority tooth may be done indepen-
dently of other tooth movement or in parallel with other
tooth movement.

Sachdeva

EX-1001, Claim 8; EX-1004, 5:9-36; Reply, 7.
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Chishti-511 in view of Sachdeva Renders Obvious an Iterative Loop
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o Sachdeva
Chishti-511
EX-1004, Fig. 6; EX-1007, Fig. 4, Pet. 44-49.
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EX-1004, Fig. 6; Pet. 36-37, 39-40.
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5:27-32: Ex-1017. 9956-57. A POSITA would understand that aligners producmg
collisions would not be acceptable. and Sachdeva’s collision-identification process
would be an option for determuning the acceptabilitv of aligners (e.g.. trggenng
whether a new aligner should be calculated). Ex-1003. §977-80: Ex-1017. {57-58.
Chishti-511 explains that changes in teeth motion can be part of the path
redefinition, and a POSITA would have understood that these changes may include
Sachdeva’s disclosed collision-avoidance process. Ex-1017, 159 (ciung Ex-1004,

8:42-43. 8:54-61. Fig. 6). Sachdeva provides clear guidance on 1its collision-

avordance process (Ex-1007, 5:3-32. Fig. 4). and mtegrating such a feature mto
Chishti-511 would have requured little more than software modifications mvolving
triggering an aligner recalculation if a collision is identitied and modifving Chishni-
511°s “path definition process™ (Ex-1004. 8:54-61) to include the movement

techmque disclosed mn Sachdeva as one option for changing tooth motion. which
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EX-1004, Fig. 6; Pet. 21-22, 36-37, 39-40.
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57. If any unacceptable aligners remain, the process determines if “any Dr. Valley

impossible movements were required” (step 620 above)—that 1s. “if the shape
calculation process 200 was required to effect a motion for which no rule or
adjustment was available.” Id.. 8:43-47. For example. exemplary rules for
defining changes to be made to the aligner in certain events include: “if the motion
of the tooth 1s too slow.” then driving material can be added to the aligner: “if the
tooth 1s too far short of the desired end position.” then material may be added to
overcorrect; “if the tooth has been moved too far past the desired end position.”

then material to stiffen the aligner can be added: or “if the motion of the tooth 1s 1n

a direction other than the desired direction.” then material may be removed and

added so as to redirect the tooth. Id.. 7:22-51.

EX-2013; §157; Reply, 1-4; Paper 29 at 1; Reply, 1-2.
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« Ground 1 - Chishti-511 in view of Chisthi-876 and Sachdeva

— Motivation to Combine
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Chishti-511 in view of Sachdeva
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EX-1004, Figs. 1, EX-1007, Fig. 4, Pet. 19-22, 39-42, 42-46;
Reply, 1-4, 5-6, 12-14.
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Chishti-511 in view of Sachdeva

a2z United States Patent @0) Patent No.:  US 6,250,918 Bl
Sachdeva et al. 45) Date of Patent: Jun. 26, 2001
(57) ABSTRACT _ ) : :
A POSITA would have recognized that integrating Sachdeva’s automated
A method ﬂ”q appa.ralu:;. for Slmumtmg I‘_Dmh mcwam;nl tor collision identification, avoidance, and adjustment features into Clushti-511 would
an orthodontic patient include processing that begins by
determ ining, on a tooth b}: tooth baSiS, a three-dimensional provide implementation details for the features disclosed 1n Chishti-511 and would
direct pal\h of movement from a three-dimensional dlglml help achieve the “clinically viable sequence of tooth positions™ sought by Chishti-
model of an actual orthodontic structure and a three-
dimensional digital model of a desired orthodontic structure. 511—that is, helping prevent aligners that might cause a collision. Ex-1003. Y79
I'he processing continues h}’ ﬂlmUlﬂllﬂg tooth movement for Ex-1004, 4:15-22. Indeed. the type of collision avoidance disclosed by Sachdeva

a plurality of teeth based on each tooth’s corresponding
three-dimensional direct path. The process then determines
whether a conflict arises between at least two teeth of the
plurality of teeth, or for a single tooth, during the simulating.
If a conflict arose between at least two teeth, the conflict is
resolved with respect to a priority tooth of the teeth in
conflict.

Pet. 17-20; Ex-1007, Abstract.
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Chishti-511 in view of Sachdeva

The appliance that is manufactured in accordance with the
treatment planned for the patient can vary within the scope
of the invention and will depend on the application, includ-
ing the type of appliance desired by the orthodontist and the
patient. Obviously, the treatment planning and simulation
features described above can be used in wide variety of
ireatment regimes, including flat wires and brackets, finish-
ing wires, retainers, Herbst devices, expansion devices, and
removable, transparent aligning devices such as those fur-
nished by Align Technologies. For example, the movement
of the teeth from the current or observed stage to the target
or treatment stage can be broken into a series of movement
steps. For each step in the process, the position of the teeth
in that stage 1s known by virtue of the manipulation of the
individual tooth models in the treatment planning software.
These tooth positions can be used to manufacture the
aligning devices.

The methods include pro-
viding a digital finite element model of the shape and
material of each of a sequence of appliances to be applied to
a patient; providing a digital finite element model of the
tecth and related mouth tissue of the patient; computing the
actual effect of the appliances on the teeth by analyzing the
finite elements models computationally; and evaluating the
ellect against climcal constraints. Advantageous implemen-
tations can include one or more of the following features.
The appliances can be braces, including brackets and
archwires, polymeric shells, including shells manufactured
by stereo lithography, retainers, or other forms of orthodon-
tic appliance. Implementations can include comparing the

Ex-1043

Chishti-511

EX-1043, 27:9-18; EX-1004, 2:4-15; Reply, 15
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Chisthi-511 + Chishti-876 + Sachdeva
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EX-1004, Cover; EX-1005, Cover; Ex-1007, Cover; Pet. 3, 32-75.
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« Ground 2 - Chishti-511 in view of Chisthi-876, Sachdeva, and Becker

— Indirect movement
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Ground 2 - Claims 10, 12, 18, and 19

NERINSRAEANAREN 10. The method of claim 9, further comprising:

= United States Patent o Pani Nas  US 11,369,456 B2 performing, after determining that the second modifica-
S N tion does not aveid a collision, a modification of the

T il schedule of movement of the dental objects, the modi-

e bt T ™ fication comprising:

O moving the first of the dental objects away from the

S I respective route of the second of the dental objects; and
O R e e moving the first of the dental objects toward its respective
Pt Py Lot final position after the second of the dental objects has
" sl e n sufficiently traversed its respective route to avoid the

| g collision.

g 'A56 Patent
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ClesaComect Exthibir 1000, Page | of 31

EX-1001, Cover, Claim 10.
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Becker Overview

im)

Becker discloses using round-tripping to correct the transposition of the teeth.
Ex-1003, §65. Becker describes “slid[ing]” the more buccal tooth toward the
midline (1.e., “in the mesio-distal plane™). Ex-1006, 5. To allow for this, the more
lingual tooth “must be moved further lingually™ “to allow its partner to pass by.”
Id. Finally, the more lingual footh “must be moved in the opposite mesio-distal

direction and back in the line of the arch ™ Jd.; Ex-1003, §65.

EX-1006, Fig. 8.6(k)-(m); Pet. 14-15.
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« Ground 2 - Chishti-511 in view of Chisthi-876, Sachdeva, and Becker

— The prior art does not teach away
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Indirect Movement Is Sometimes Necessary

* While preferrable to avoid indirect movement, it is sometimes necessary.

Rarely, one or more of the impacted teeth is
also transposed. For the most part, it is prefer-
able to align the teeth in their transposed
Fositions, rather than to try to retranspose
them to their ideal positions, for reasons
already discussed in Chapter 6. Nevertheless,
there are situations in which this may be the

preferred line of treatment.

motion of each tooth. The tooth paths are optimized in the
aggregate so that the tecth are moved in the quickest fashion
with the least amount of round-tripping to bring the teeth
from their initial positions to their desired final positions.
(Round-tripping is any motion of a tooth in any direction
other than directly toward the desired final position. Round-
tripping is sometimes necessary fo allow teeth to move past
cach other.) The tooth paths are segmented. The segments

Chishti-511

Becker

the initial position to the final position. The path scheduling
algﬂrirhm_ determines thr._: treatment path while avoiding
“round-tripping,” i.e., while avoiding moving a tooth along
a distance greater than absolutely necessary to straighten the
teeth. Such motion is highly undesirable, and has potential
negative effects on the patient.

Chishti-876

EX-1004, 4:9-16; EX-1005, 14:46-51; EX-1006, 5; Pet. 15-17, 24, 26-

27; Reply, 18-19. DEMONSTRATIVE EXHIBIT — NOT EVIDENCE clearcerrect
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Indirect Movement Is Sometimes Necessary

combination, and in any order. In an exemplary embodi-
ment, the computer program [irst altempts staggering of the
teeth movement, followed by slowing-down/interim key
frames if the staggering does not avoid collisions, and then
followed by round-tripping as a last resort. In addition. each
of staggering, slowing down and round-tripping techniques
can be applied to any of the patterns discussed above, or any
other movement patterns hereinatter developed in the field
of orthodontics.

'456 Patent

EX-1001, 13:14-22; Pet. 15-17, 24, 26-27; Reply, 18-19.
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Federal Circuit:

“[A] reference does not teach away if a skilled artisan, upon reading
the reference, would not be ‘discouraged from following the path
set out in the reference,’ and would not be ‘led in a direction
divergent from the path that was taken by the applicant.’”

Adapt Pharma Operations Ltd. v. Teva Pharms. USA, Inc.,
25 F.4th 1354, 1370 (Fed. Cir. 2022) (second emphasis added)

Pet. 26.
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« Ground 2 - Chishti-511 in view of Chisthi-876, Sachdeva, and Becker

— Applicability to clear aligners
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Compatibility with Aligner Systems

Becker Chisthi-511

Aligners may be unacceptable for a variety of reasons,
some of which are handled bv the overall process. For
example, if any impossible movements were required
(decision step 620), that is, if the shape calculation process
200 was required to effect a motion for which no rule or
adjustment was available, the process 600 proceeds to
execute a module that calculates the configuration of a
hardware attachment to the subject tooth to which forces can
be applied to effect the required motion (step 640). Because
adding hardware can have an effect that 1s more than local,
when hardware 1s added to the model, the outer loop of the
overall process 600 is executed again (step 642).

EX-1006, Fig. 8.6(k)-(I); EX-1004, 8:42-53; Pet. 23-24; Reply, 21-22.
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Dr. Yadav's Testimony

the desired movement. A POSITA would have understood that using such
attachments was well known. For example. Chishti-511 describes that its process for
computing the shape of an aligner will also rake mto account hardware attachments
if necessary to create the tooth motion. See Ex-1004, 8§:42-53 (“process 600 proceeds
to execute a module that calculates the configuration of a hardware attachment to
the subject tooth to wluch forces can be applied to effect the required motion™): see
also Ex-1004. 10:1-6 (discussing that its aligners account for “the position and
selection of attachments. and the addition or removal of material (e.g.. adding wires

or creating dumples)”). 6:21-24. State of the art smmlarly confums that use of

attachiments as shown m Becker was known. Ex-1016. 26, 30-38: Ex-1016. 34. 35
(Fig. 2-24c¢): Ex-1018. Abstract. 11:45-65: Ex-1019. Abstract, 3:21-48. Thus, in mv
opimion. a POSITA would have understood that. depending on the type of
malocclusion. aligners mav be used erther alone or with artachments to achieve the

tvpe of round-tripping disclosed in Becker.

EX-1003, 183; Pet. 23-24; Reply, 20.
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Attachments with Aligners Were Well Known

fic 2-23 (a to ©) Atab is cut into the Essix appliance for attachment of an elastic band.

Fi6 2-27 (right) The bonded molar attach-
ment is the base for the Class Il elastic.
The molar is encapsulated in the Essix
appliance and is therefore resistant to dis-
placement.

fic 2-28 (for right) A stretched elastic
between the sections of the Essix appli-
anwe creates the force necessary to close
the buccal section space. A stretched elas-
tic between the sections of an anterior

Fic 2-24a The initial heated plier thermo- Fi 2-24b The second heated plier crimps Fi6 2-24¢ An elastic can be attached to the Essix appliance induces enough force to
forms a cylinder into the appliance. the base of the cylinder to form an elastic thermoformed button. close the midline diastema.
attachment.

EX-1006, Fig. 8.6(k)-(I); EX-1016, 35, 37; Pet. 23-24; Reply, 21-22.
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE clearcerrect 50



Attachments with Aligners Were Well Known

acting alone. Further, through the availability of a system of
progressive lengths or progressive elasticities, such couple-
based progressive therapeutic forces can be part of a patient-
activated modality between appointments. In treatment,
combinations of orthodontic aligner auxiliaries can generate
various types of therapeutic forces that can be directed to
mdividual mal-positioned teeth in a manner where rotational
correction can be accomplished with a mesially-directed or
lingually-directed emphasis or bias, thus providing the prac-
titioner with a comprehensive means of differentially repo-
sitioning the teeth. For example, the mesial labial device
described in the example of couple-tvpe forces may be a
“short”; whereas the lingual distal device may be a “long™.
In this manner, the practitioner may be able to emphasize the
labial repositioning of a tooth, while simultaneously accom-
plishing aggressive rotational correction through coupled
labial-lingual forces. In this manner, specific and aggressive
repositioning of the worst positioned teeth can be accom-
plished while overall, the removable aligner 20 is generally
correcting the positions of the rest of the moderately mal-
positioned teeth.

EX-1018

The use of attachment devices in combination with

removable dental positioning appliances provides the patient
with the benelits of removable appliances while retaining the

ahility to extrude, rotate, and otherwise manipulate teeth as
with conventional braces. Like conventional braces, attach-
ment devices may be bonded to the surface of the teeth in
order to provide physical features which facilitate the appli-
cation of controlled force. The attachment devices of the
present invention may have a very simple construction, in
some instances being only a bump, bead, wedge, or other
body or structure which can be fixedly attached to the
surface of a tooth or other dental feature in order to transmit
force generated by the dental positioning appliance to the
dental feature and/or to anchor the positioning appliance to
teeth in order to permit the appliance to apply forces
elsewhere in the patient’s teeth. In such instances, the
attachment device acts simply as a handle or lever to assist
in the transmission of force between the teeth and the dental
positioning appliance. In other instances, the aitachment
device may feature a hook, similar in design to those used
for mounting elastic bands. The hook may be engaged with
a number of ligatures, bands, filaments, coils or other
connecting members to effect repositioning of the teeth,
usually in combination with the dental positioning appli-
ance. The hook may serve as an anchor in the repositioning
of other teeth, or it may serve as a point of purchase to apply
directed force to the surface of the tooth to which it is
bonded.

EX-1019

EX-1018, 11:45-65; EX-1019, 3:21-48; Pet. 23-24; Reply 22.
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Chishti-511 Discloses the Use of Attachments

I I"KJ.".

| {
| GET INITIAL PROCESS |
| DATA |

v 504
FOR EACH STEP,

SHAPE AN ALIGNER
{(FEA PROCESS)

| EXITIF ALL ALIGNERS | |

| ACCEPTABLE

—~ G20

~610
(OPTIONAL) .,

RELAX
— | DU‘NST_HP-INTE
I

L 64
[ FOR EACH STEP

WATH &N
| UNACCEPTABLE
| ALIGNER, SHAPE | |

AMALIGNER |

I T

EXITIF ALL
ALIGNERS
ACCEPTABLE

i N

/ WERE ANY
f IMPOSSIBLE
i MOVEMENTS

'\\‘ R!E-DUIRE D?J

REDEFINE PARTS OF
TREATMENT PATH
—MNO -

) ~630

I

HAVING

Aligners may be unacceptable for a variety of reasons,
some of which are handled by the overall process. For
example, if any impossible movements were required
(decision step 620), that is, if the shape calculation process
200 was required to effect a motion for which no rule or
adjustment was available, the process 600 proceeds to
execute a module that calculates the configuration of a
hardware attachment to the subject tooth to which forces can
be applied to effect the required motion (step 640). Because
adding hardware can have an effect that 1s more than local,
when hardware is added to the model, the outer loop of the
overall process 600 is executed again (step 642).
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EX-1004, Fig. 6; EX-1004, 8:42-53;

Pet. 23-24; Reply, 21-22.
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* Level of Ordinary Skill in the Art
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Level of Ordinary Skill in the Art

ClearCorrect’s Definition: Align’s Alternative Definition:

A POSITA pertinent to the "456 patent as of August 30. 2006 (the earliest
claimed priontv date). would have been part of an interdisciplinary team. This team N A
would have included members with an advanced degree related to dentistry (e.g..
BDS. MDS. DDS. DMD) with experience in orthodontics. imcluding 1-3 vears of
orthodontic tramning or equivalent experience, and experience using ¢lear aligners.
The team may have also included members with a degree in a technical area related
to software. graphics. computers. or a related discipline. This technical team
member would have had 1-3 vears of software development experience. For all

team members, more education could substitute for experience and vice versa. Ex-

1003, 924: Ex-1017. 924: Ex-1029: Ex-1030.

Pet. 6, EX-1003, 124, EX-1040, 3.
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Dr. Yadav Meets the Level of Ordinary Skill in the Art

ClearCorrect’s Definition:

A POSITA pertinent to the "456 patent as of August 30. 2006 (the earliest
claimed priontv date). would have been part of an interdisciplinary team. This team
would have included members with an advanced degree related to dentistry (e.g..
BDS. MDS. DDS. DMD) with experience in orthodontics. imcluding 1-3 vears of
orthodontic tramning or equivalent experience, and experience using ¢lear aligners.
The team may have also included members with a degree in a technical area related
to software. graphics. computers. or a related discipline. This technical team
member would have had 1-3 vears of software development experience. For all
team members, more education could substitute for experience and vice versa. Ex-

1003, 924: Ex-1017. 924: Ex-1029: Ex-1030.

Dr. Yadav:

Advanced Dental Degree
Orthodontic Experience
Experience with Clear Aligners

Not Required:

Understanding of and Experience
with Digital Platforms

Pet. 6, Ex-1003, §24, EX-1040, § 3-8; Reply, 23-29.
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Clear Aligner Experience

Q So what are the -- yeah, what are the 4. I understand Dr. Valley opined that Essix-type clear aligners were not

different kinds of clear aligners that you used in . ) _ i o
used to move teeth “over multiple stages.” I disagree with Dr. Valley. In my opinion,

2006 or earlier?

) , ) a POSITA would have understood that Essix-type clear aligners were regularly nused
. So 1f I were to define clear aligner as

being an appliance made of a clear polymer for multi-stage treatments for tooth movement. This is consistent with my experience
material used in the field of orthodontics, then using Essix-type clear aligners between 2003-2006, which includes instances where

F- " '
as of 2006 T used the Invisalign brand. I used I used Essix-type clear aligners for tooth alignment in a treatment involving as many

the Essix brand. And then I used -- I performed
as 6 stages.
techniques with clear aligners using other polymer
company materials. Dr. Yadav

Dr. Valley

EX-1039, 22:10-23:11; EX-1040, Y4.
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Patent No. 11,369,456
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