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(54) SYSTEMS AND METHODS FOR FORMING A DESIRED BEND ANGLE IN AN ORTHODONTIC 
APPLIANCE

(57) A method for forming a desired bend angle in
an orthodontic appliance comprising: obtaining desired
bend angle; determining initial bend angle to be applied
in gripped state; causing forming of a bend with initial
bend angle; monitoring bending; in response to initial
bend angle in the appliance in the gripped state being
reached, causing the release of at least a portion of the
appliance so that appliance is in the free state, measuring
resultant angle of the bend in free state; selectively ex-

ecuting: in response to resultant angle being within a pre-
defined tolerance of the desired bend angle, determining
that desired bend angle has been reached; and in re-
sponse to the resultant angle being outside the prede-
fined tolerance level of the desired bend angle, iteratively
applying an adjusted bend angle to the appliance in the
gripped state until the desired bend angle is achieved as
determined in the free state.
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Description

FIELD

[0001] The present technology relates to systems and
methods for forming a desired bend in an orthodontic
appliance.

BACKGROUND

[0002] In orthodontics, treatments for achieving align-
ment of malposed teeth in a patient include applying or-
thodontic appliances to the patient’s teeth, such as pre-
shaped orthodontic wire attached to the brackets which
are themselves attached to the teeth. The wires are typ-
ically made from shape memory alloys which have the
ability to recover their shape after being deformed. This
re-shaping occurs at a predetermined temperature, usu-
ally around 38°C. Shape memory alloys used in ortho-
dontic archwires include nickel-titanium alloys (e.g. Niti-
nol™), beta-titanium alloys, and copper nickel-titanium
alloys.
[0003] The wires are typically pre-shaped into a de-
sired shape by forming bends at desired positions and
with desired angles, heating under tension, and super-
cooling. The heating step typically comprises electric
heating. Once pre-shaped, the wire is attached to the
brackets by bending its shape to conform to the general
shape of the malposed teeth. When the wire warms to
mouth temperature it reverts to its original shape thereby
exerting a force on the teeth to which it is attached to
move them.
[0004] At least the bending portion of the pre-shaping
process can be achieved manually or using bending ap-
paratus such as those described in US 6,612,143, US
6,732,558, US 6,755,064, US 6,860,132, US 7,076,980,
US 7,283,891 and US2010275668.
[0005] In certain pre-shaping methods, the desired
bend in the orthodontic appliance is achieved by itera-
tively bending the orthodontic appliance, and assessing
the acquired bend until the desired bend is achieved.
This can take many iterations which has associated in-
conveniences of material property degradation in the or-
thodontic appliance, as well as increased time and cost
per orthodontic appliance manufacture.
[0006] US 6,612,143 describes a robotic bending ap-
paratus for bending archwires and other types of elon-
gate, bendable medical devices into a desired configu-
ration and includes a first gripping tool and a moveable
gripping tool. The first gripping tool can be either fixed
with respect to a base or table for the robot or positioned
at the end of robot arm. The moveable gripping tool is
mounted to the end of a moveable robot arm having a
proximal portion also mounted to the base. The robot
preferably comprises a six axis bending robot, in which
the distal end of the moveable arm can move relative to
the fixed gripping tool about three translational axes and
three rotational axes. The gripping tools preferably incor-

porate force sensors which are used to determine over-
bends needed to get the desired final shape of the arch-
wire. The robot may also include a resistive heating sys-
tem in which current flows through the wire while the wire
is held in a bent condition to heat the wire and thereby
retain the bent shape of the wire. A magazine for holding
a plurality of straight archwires needing to be bent and a
conveyor system for receiving the wires after the bending
process is complete are also described. The robot bend-
ing system is able to form archwires with any required
second and third order bends quickly and with high pre-
cision. As such, it is highly suitable for use in a precision
appliance-manufacturing center manufacturing a large
number of archwires (or other medical devices or appli-
ances) for a distributed base of clinics.
[0007] US 9,901,705 describes an apparatus, system,
and method for creating a curvature on a medical device
during a medical procedure, for example, selecting a cur-
vature from a curve database, customizing the curvature
for a specific patient anatomy, and applying the curvature
to the medical device during the medical procedure.
[0008] It is an object of the present technology to amel-
iorate at least some of the inconveniences present in the
prior art.

SUMMARY

[0009] Embodiments of the present technology have
been developed based on developers’ appreciation of
certain shortcomings associated with the existing sys-
tems for forming a desired bend in orthodontic applianc-
es.
[0010] In particular, developers have noted a difficulty
with accurately and reproducibly achieving the desired
bend in the orthodontic appliance during the pre-shaping.
The process of pre-shaping the archwires into the desired
shape is also referred to in the art as "shape forming" or
"shape setting". It has been noted that orthodontic appli-
ance materials, such as wires made of shape memory
alloys, have a spring-back effect when released from its
grip during bend formation. This requires a compensation
in the form of an over-bend applied to the wire during
bending. In other words, the wire must be bent further
than the required angle of the desired bend. This problem
is confounded by the fact that the required over-bend
varies from orthodontic appliance to orthodontic appli-
ance, most likely due to differences in elastic properties
from the shape memory alloy composition, manufactur-
ing method and archwire dimensions. These manufac-
turing tolerances may exist within and between batches
of the orthodontic appliance blanks as produced. Con-
sider also that each orthodontic appliance blank that is
provided for pre-shaping has itself undergone a number
of prior processing steps each with its own manufacturing
tolerances (composition, casting, shaping). Further-
more, the ability to assess whether the desired bend has
been achieved is highly dependent on: (i) operator skill
and judgement, if performed manually, (ii) calibration of
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bending apparatus and bend assessment apparatus, if
performed automatically or semi-automatically.
[0011] One consequence of multiple attempts to
achieve the desired bend in the orthodontic appliance is
a degradation in certain material properties, and ultimate-
ly failure of the material through material fatigue. Another
consequence is an increased time, and hence cost, to
manufacture each orthodontic appliance. Consequenc-
es to the patient of applying an orthodontic appliance with
an incorrect pre-form bend is incorrect alignment of their
teeth with possible impact on jaw alignment and associ-
ated medical problems, increased discomfort, and longer
treatment, resulting in a higher cost.
[0012] Broadly, developers have determined a method
and a system of forming a desired bend angle, by deter-
mining an initial angle determined by a trained Machine
Learning Algorithm (MLA), and a feedback loop based
on a computer vision analysis of a resultant bend angle
after applying the initial angle.
[0013] From one aspect, there is provided a method
for forming a desired bend angle in an orthodontic appli-
ance, the method being implemented by a processor of
a computer system, the computer system executing a
Machine Learning Algorithm, the computer system op-
eratively coupled to a bending apparatus, the method
comprising obtaining an indication of the desired bend
angle in the orthodontic appliance; determining, by the
MLA, an initial bend angle to be applied to the orthodontic
appliance during bending in a gripped state of the ortho-
dontic appliance for achieving the desired bend angle in
the orthodontic appliance when the orthodontic appli-
ance is in a free state; causing the bending apparatus to
form a bend having the initial bend angle in the ortho-
dontic appliance, by bending the orthodontic appliance
in the gripped state; monitoring the bending of the ortho-
dontic appliance in the gripped state through a computer
vision analysis; in response to the computer vision anal-
ysis rendering an indication that the initial bend angle in
the orthodontic appliance in the gripped state has been
reached, causing the bending apparatus to release at
least a portion of the orthodontic appliance so that the
orthodontic appliance is in the free state, measuring a
resultant angle of the bend through the computer vision
analysis, when the orthodontic appliance is in the free
state; selectively executing: in response to the resultant
angle being within a predefined tolerance level of the
desired bend angle, determining that the orthodontic ap-
pliance has reached the desired bend angle; and in re-
sponse to the resultant angle being outside the prede-
fined tolerance level of the desired bend angle, iteratively
applying an adjusted bend angle to the orthodontic ap-
pliance in the gripped state until the desired bend angle
is achieved as determined by the computer vision anal-
ysis in the free state. The method may further comprise
feeding the adjusted bend angle to the MLA to be used
for further retraining of the MLA.
[0014] In certain embodiments, the obtaining the indi-
cation of the desired bend angle in the orthodontic appli-

ance comprises receiving the indication from an operator
of the computer system. In certain embodiments, the ob-
taining the indication of the desired bend angle in the
orthodontic appliance comprises calculating, by the com-
puter system, the desired bend angle. The method may
further comprise feeding the adjusted bend angle to the
MLA to be used for further retraining of the MLA.
[0015] In certain embodiments, the method further
comprises, prior to the obtaining the indication of the de-
sired bend angle: executing a training process for the
MLA. The training process may include providing a feed-
back loop based on the computer vision analysis.
[0016] In certain embodiments, the training process
comprises providing at least one training set, the training
set including an indication of a property of the orthodontic
appliance and a target value representative of a desired
bend; the property of the orthodontic appliance including
at least one of: an elasticity property of a material from
which the orthodontic appliance is formed, a thickness
of the orthodontic appliance, a diameter of the orthodon-
tic appliance, a composition of the material from which
the orthodontic appliance is formed, and a manufacturing
process of the orthodontic appliance.
[0017] In certain embodiments, the training process
further comprises: executing a test bending to bend a
test orthodontic appliance to the desired bend; calculat-
ing a variance parameter between an actual bend and
the desired bend; and feeding back the variance param-
eter to the MLA for further retraining of the MLA.
[0018] In certain embodiments, the method further
comprises iteratively executing the training process until
the variance parameter is within a pre-determined ac-
ceptable error threshold.
[0019] In certain embodiments, the monitoring of the
bending of the orthodontic appliance comprises: captur-
ing a sequence of images of the bend as it is being formed
during the bending; filtering the images to determine a
contour of the orthodontic appliance; determining at least
one elongate axis of the orthodontic appliance from the
contour; and determining an angle between the at least
one elongate axis of the orthodontic appliance and a ref-
erence axis, or between two elongate axes of the ortho-
dontic appliance. In certain embodiments, two elongate
(longitudinal) axes of the orthodontic appliance are de-
rived from the contour; and an angle between the two
longitudinal axes of the orthodontic appliance is deter-
mined.
[0020] In certain embodiments, the reference axis is
determined by projecting a virtual axis onto, and aligned
with, the image of the orthodontic appliance before caus-
ing the bending apparatus to form the bend in the ortho-
dontic appliance. In certain embodiments, the alignment
of the virtual axis is maintained on an image of at least
a portion of the orthodontic appliance during the bending
process.
[0021] In certain embodiments, the filtering comprises
one or more of image scaling, adjusting focus, and can-
celling image noise. The filtering may further comprise
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transforming the format of the filtered images. In one em-
bodiment, the format of the filtered images is transformed
to HSV.
[0022] In certain embodiments, the monitoring of the
bending of the orthodontic appliance comprises deter-
mining an angle of the bend being formed relative to a
starting position or reference axis, the starting position
comprising a virtual axis projected onto and aligned with
the image of the orthodontic appliance before causing
the bending apparatus to form the bend in the orthodontic
appliance. The virtual axis can be a reference point. The
virtual axis may be aligned with an elongate axis of the
orthodontic appliance.
[0023] In certain embodiments, the monitoring the
bending of the orthodontic appliance in the gripped state
through the computer vision analysis comprises contin-
uously monitoring the bending of the orthodontic appli-
ance in the gripped state throughout an entire bending
process. In certain embodiments, the monitoring the
bending of the orthodontic appliance in the gripped state
through the computer vision analysis comprises monitor-
ing a bend angle of the orthodontic appliance in the
gripped state throughout an entire bending process. In
certain embodiments, the monitoring the bending of the
orthodontic appliance in the gripped state through the
computer vision analysis comprises acquiring a plurality
of sequential image frames of the orthodontic appliance
during the bending process at a frame acquisition rate
related to a rate of bending. In certain embodiments, the
frame acquisition rate is equal to or higher than about 70
frames per second, about 80 frames per second, about
90 frames per second, about 100 frames per second,
about 150 frames per second, about 200 frames per sec-
ond, about 250 frames per second, or about 300 frames
per second. In certain embodiments, the frame acquisi-
tion rate is between about 70 to about 300 frames per
second, about 100 to about 250 frames per second, or
about 150 to about 200 frames per second.
[0024] From another aspect, there is provided a sys-
tem for forming a desired bend angle in an orthodontic
appliance, the system comprising a bending apparatus
operatively coupled to a computer system; the computer
system executing a Machine Learning Algorithm (MLA)
and having a processor arranged to execute a method.
The method comprises obtaining an indication of the de-
sired bend angle in the orthodontic appliance; determin-
ing, by the MLA, an initial bend angle to be applied to the
orthodontic appliance during bending in a gripped state
of the orthodontic appliance for achieving the desired
bend angle in the orthodontic appliance when the ortho-
dontic appliance is in a free state; causing the bending
apparatus to form a bend having the initial bend angle in
the orthodontic appliance, by bending the orthodontic ap-
pliance in the gripped state; monitoring the bending of
the orthodontic appliance in the gripped state through a
computer vision analysis; in response to the computer
vision analysis providing an indication that the initial bend
angle in the orthodontic appliance in the gripped state

has been reached, causing the bending apparatus to re-
lease at least a portion of the orthodontic appliance so
that the orthodontic appliance is in the free state; meas-
uring a resultant angle of the bend through the computer
vision analysis, when the orthodontic appliance is in the
free state; selectively executing: in response to the re-
sultant angle being within a predefined tolerance level of
the desired bend angle, determining that the orthodontic
appliance has reached the desired bend angle; and in
response to the resultant angle being outside the prede-
fined tolerance level of the desired bend angle, iteratively
applying an adjusted bend angle to the orthodontic ap-
pliance in the gripped state until the desired bend angle
is achieved as determined by the computer vision anal-
ysis in the free state.
[0025] In certain embodiments, the system further
comprises a computer vision system arranged to perform
at least a portion of the computer vision analysis, the
computer system and the computer vision system being
operatively connected thereto.
[0026] From another aspect, there is provided a meth-
od for training a Machine Learning Algorithm (MLA), the
MLA for determining, in use, a bend angle to be applied
to an orthodontic appliance during bending in a gripped
state for achieving a desired bend angle in the orthodontic
appliance when in a free state, the method being imple-
mented by a processor of a computer system, the com-
puter system operatively coupled to a bending apparatus.
The method comprises obtaining an indication of the de-
sired bend angle in the orthodontic appliance; causing
the bending apparatus to form a bend having an initial
bend angle in the orthodontic appliance, by bending the
orthodontic appliance in the gripped state; in response
to receiving an indication that the initial bend angle in the
orthodontic appliance in the gripped state has been
reached, causing the bending apparatus to release at
least a portion of the orthodontic appliance so that the
orthodontic appliance is in the free state; obtaining a
measure of a resultant angle of the bend, when the or-
thodontic appliance is in the free state; generating a train-
ing set for training the MLA, the training set including: an
indication of a property of the orthodontic appliance and
a target value representative of a desired bend; the prop-
erty of the orthodontic appliance including at least one
of: an elasticity property of a material from which the or-
thodontic appliance is formed, a thickness of the ortho-
dontic appliance, a diameter of the orthodontic appliance,
a composition of the orthodontic appliance, and a man-
ufacturing method of the orthodontic appliance; the target
value comprises the initial bend angle; and wherein the
training set is configured to train the MLA to predict the
initial bend angle based on the desired bend angle and
the property of the orthodontic appliance.
[0027] In certain embodiments, the method further
comprises calculating a difference parameter between
the resultant angle of the bend and the initial bend angle
and feeding the difference parameter as an indication of
the prediction error.
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[0028] In certain embodiments, the method further
comprises iteratively repeating the method for training
until the prediction error is within a pre-determined
threshold.
[0029] In certain embodiments, the obtaining the
measure of the resultant angle of the bend, when the
orthodontic appliance is in the free state, comprises ap-
plying an optical feedback analysis. In certain embodi-
ments, the obtaining the measure of the resultant angle
of the bend can be performed in any other way, such as
by force sensors and the like.
[0030] In certain embodiments, the optical feedback
analysis comprises monitoring the bending of the ortho-
dontic appliance in the gripped state through a computer
vision analysis to determine when the initial bend angle
in the orthodontic appliance in the gripped state has been
reached; and measuring a resultant angle of the bend
through the computer vision analysis, when the ortho-
dontic appliance is in the free state; selectively executing:
in response to the resultant angle being within a prede-
fined tolerance level of the desired bend angle, determin-
ing that the orthodontic appliance has reached the de-
sired bend angle; and in response to the resultant angle
being outside the predefined tolerance level of the de-
sired bend angle, iteratively applying an adjusted bend
angle to the orthodontic appliance in the gripped state
until the desired bend angle is achieved as determined
by the computer vision analysis in the free state.
[0031] From another aspect, there is provided a sys-
tem for training a Machine Learning Algorithm (MLA), the
MLA for determining, in use, a bend angle to be applied
to an orthodontic appliance during bending in a gripped
state for achieving a desired bend angle in the orthodontic
appliance when in a free state, the system comprising a
computer system operatively coupled to a bending ap-
paratus, the computer system having a processor ar-
ranged to execute a method. The method comprises: ob-
taining an indication of the desired bend angle in the or-
thodontic appliance; causing the bending apparatus to
form a bend having an initial bend angle in the orthodontic
appliance, by bending the orthodontic appliance in the
gripped state; in response to receiving an indication that
the initial bend angle in the orthodontic appliance in the
gripped state has been reached, causing the bending
apparatus to release at least a portion of the orthodontic
appliance so that the orthodontic appliance is in the free
state; obtaining a measure of a resultant angle of the
bend, when the orthodontic appliance is in the free state;
generating a training set for training the MLA, the training
set including: an indication of a property of the orthodontic
appliance and a target value representative of a desired
bend, the property of the orthodontic appliance including
at least one of: an elasticity property of a material from
which the orthodontic appliance is formed, a thickness
of the orthodontic appliance, a diameter of the orthodon-
tic appliance, a composition of the orthodontic appliance,
and a manufacturing method of the orthodontic appli-
ance; the target value comprises the initial bend angle;

and wherein the training set is configured to train the MLA
to predict the initial bend angle based on the desired bend
angle and the property of the orthodontic appliance.
[0032] In certain embodiments, any one or more of the
method steps of (i) determining an initial bend angle to
be applied, (ii) causing the bending apparatus to form a
bend, (iii) monitoring the bending, (iv) rendering an indi-
cation that the initial bend angle has been reached, (v)
measuring a resultant angle, (vi) determining that the re-
sultant angle is within a predefined tolerance, (vii) deter-
mining that the resultant angle is not within a predefined
tolerance and applying an adjusted angle, are performed
in real-time. In certain embodiments, any one or more of
these method steps are performed automatically without
user intervention.
[0033] In certain embodiments, any one or more of the
method steps of (i) determining an initial bend angle to
be applied, (ii) causing the bending apparatus to form a
bend, (iii) monitoring the bending, (iv) obtaining a meas-
ure of a resultant angle, and (v) generating a training set,
are performed in real-time. In certain embodiments, any
one or more of these method steps are performed auto-
matically without user intervention.
[0034] In certain embodiments, the desired bend is
achieved in the orthodontic appliance in fewer iterations
compared with systems of the prior art. In certain em-
bodiments, the desired bend is achieved in the orthodon-
tic appliance faster compared with systems of the prior
art.
[0035] In certain embodiments, the initial bend, provid-
ed by the MLA, angle can be achieved in a single step.
This can reduce the number of iterations required to
achieve the desired bend.
[0036] From another aspect, there is provided a meth-
od for monitoring a formation of a bend in an orthodontic
appliance, the method being implemented by a processor
of a computer system operatively connected to a com-
puter vision system, the method comprising:

- capturing a sequence of image frames of the ortho-
dontic appliance during a bending process, the or-
thodontic appliance having a first bend arm and a
second bend arm;

- for at least one of the image frames of the sequence
of image frames:

- applying image processing steps to objects in
the image frames to determine a contour of the
imaged orthodontic appliance including a con-
tour of at least a portion of the first bend arm and
a contour of at least a portion of the second bend
arm;

- deriving one or more of: an elongate axis of the
first bend arm based on the contour of the first
bend arm, and an elongate axis of the second
bend arm based on the contour of the second
bend arm;
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- determining a bend angle of the orthodontic ap-
pliance based on:

- the elongate axis of the first bend arm and the
elongate axis of the second bend arm, or

- the elongate axis of the first bend arm or the
second bend arm, and a reference axis;

wherein the bend angle of the orthodontic appliance is
monitored continuously during the bend process.
[0037] In certain embodiments, the sequence of image
frames is captured at an acquisition rate of about 70 to
about 300 frames per second.
[0038] In certain embodiments, the image frames have
a magnification of about 50x to about 400x.
[0039] In certain embodiments, the computer vision
system further comprises a background surface against
which the orthodontic appliance is imaged, wherein the
background surface comprises one or more of a chroma-
key surface and a light-absorbing surface.
[0040] In certain embodiments, the reference axis is
determined by projecting a virtual axis onto, and aligned
with, the image of the orthodontic appliance before caus-
ing the bending apparatus to form the bend in the ortho-
dontic appliance.
[0041] In certain embodiments, the method further
comprises maintaining the alignment of the virtual axis
on an image of at least a portion of the orthodontic ap-
pliance during the bending process.
[0042] In the context of the present specification, un-
less expressly provided otherwise, a computer system
may refer, but is not limited to, an "electronic device", an
"operation system", a "system", a "computer-based sys-
tem", a "controller unit", a "control device" and/or any
combination thereof appropriate to the relevant task at
hand.
[0043] In the context of the present specification, un-
less expressly provided otherwise, the expression "com-
puter-readable medium" and "memory" are intended to
include media of any nature and kind whatsoever, non-
limiting examples of which include RAM, ROM, disks
(CD-ROMs, DVDs, floppy disks, hard disk drives, etc.),
USB keys, flash memory cards, solid state-drives, and
tape drives.
[0044] In the context of the present specification, a "da-
tabase" is any structured collection of data, irrespective
of its particular structure, the database management soft-
ware, or the computer hardware on which the data is
stored, implemented or otherwise rendered available for
use. A database may reside on the same hardware as
the process that stores or makes use of the information
stored in the database or it may reside on separate hard-
ware, such as a dedicated server or plurality of servers.
[0045] In the context of the present specification, un-
less expressly provided otherwise, the words "first", "sec-
ond", "third", etc. have been used as adjectives only for
the purpose of allowing for distinction between the nouns

that they modify from one another, and not for the pur-
pose of describing any particular relationship between
those nouns.
[0046] Implementations of the present technology
each have at least one of the above-mentioned object
and/or aspects, but do not necessarily have all of them.
It should be understood that some aspects of the present
technology that have resulted from attempting to attain
the above-mentioned object may not satisfy this object
and/or may satisfy other objects not specifically recited
herein.
[0047] Additional and/or alternative features, aspects
and advantages of implementations of the present tech-
nology will become apparent from the following descrip-
tion, the accompanying drawings and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] For a better understanding of the present tech-
nology, as well as other aspects and further features
thereof, reference is made to the following description
which is to be used in conjunction with the accompanying
drawings, where:

FIG. 1 is a schematic diagram of an orthodontic ap-
pliance attached to teeth with brackets, to which cer-
tain embodiments of the methods and systems of
the present technology can be applied;

FIG. 2 is the orthodontic appliance of FIG.1 showing
bends formed in the orthodontic appliance according
to certain embodiments of the methods and systems
of the present technology;

FIG. 3 is the orthodontic appliance of FIG. 2 showing
different positions of the orthodontic appliance dur-
ing formation of one of the bends according to certain
embodiments of the methods and systems of the
present technology;

FIG. 4 is a system for forming bends in the ortho-
dontic appliance, the system comprising a computer
system and a bending apparatus, according to cer-
tain embodiments of the present technology;

FIG. 5 is a system for forming bends in the ortho-
dontic appliance, the system comprising a computer
system, a bending apparatus and a computer vision
system, according to certain embodiments of the
present technology;

FIG. 6 is one embodiment of a computing environ-
ment of the computer system of FIG. 4 or FIG. 5
according to certain embodiments of the methods
and systems of the present technology;

FIG. 7 is a schematic diagram of one embodiment
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of the bending apparatus of the system of FIG. 4 or
FIG. 5 according to certain embodiments of methods
and systems of the present technology;

FIG. 8 is a schematic diagram of one embodiment
of the computer vision system of the system of FIG.
4 or FIG. 5 according to certain embodiments of
methods and systems of the present technology;

FIG. 9 is an example of an image of the orthodontic
appliance captured by the computer vision system
of FIG. 8 before image processing;

FIG. 10 is the image of the orthodontic appliance of
FIG. 9 after image processing;

FIG. 11 is a diagram of a method for forming bends
in the orthodontic appliance executed by the com-
puter system of FIG. 4 or FIG. 5, in accordance with
certain embodiments of the present technology; and

FIG. 12 is a diagram of a method for training a Ma-
chine Learning Algorithm executed by the computer
system of FIG. 4 or FIG. 5, in accordance with certain
embodiments of the present technology.

[0049] It should be noted that, unless otherwise explic-
itly specified herein, the drawings are not to scale.

DETAILED DESCRIPTION

[0050] Certain aspects and embodiments of the
present technology, are directed to methods and systems
for forming a desired bend in an orthodontic appliance.
Other aspects and embodiments of the present technol-
ogy are directed to training a Machine Learning Algorithm
(MLA) for determining, in use, a bend angle to be applied
to an orthodontic appliance during bending in a gripped
state for achieving a desired bend angle in the orthodontic
appliance when in a free state. By "gripped state" is
meant that the orthodontic appliance is restrained in the
ability to move freely, such as during bending of the or-
thodontic appliance when the orthodontic appliance is
gripped on either side of the bend. By "free state" is meant
that the orthodontic appliance is not restrained in the abil-
ity to move freely, such as when at least one end of the
orthodontic appliance is released.
[0051] Referring initially to FIG. 1, there is shown an
orthodontic appliance 10 to which aspects and embodi-
ments of the present technology can be applied. In this
embodiment, the orthodontic appliance 10 is an archwire
10 made of a shape memory alloy. The shape memory
alloy is Nitonol™, but can also be any other shape mem-
ory alloy or material with elastic properties. Brackets 20
are provided on each tooth 30a, 30b, 30c, 30d, 30e, and
the archwire 10 extends between, and is connected to,
each of the brackets 20. As illustrated, the maloclusion
is misalignment of the tooth 30c for which the treatment

plan as illustrated is an upward movement to align the
tooth 30c with neighbouring the teeth 30a, 30b, 30d, 30e.
[0052] As can be seen, the archwire 10 of FIG.1 has
three bends A, B and C with bend angles θA, θB and θC
respectively, shown in FIG.2. FIG. 3 shows bend A of
FIG. 2, including a starting position 40, a desired position
50 with the desired bend angle θA, and an overbend po-
sition 60 having an overbend angle θAOB which must be
applied during bend formation in order to achieve the
desired bend angle θB due to an elastic property of the
archwire 10.
[0053] It will be appreciated that in other embodiments,
systems and methods of the present technology can be
applied to different types, shapes, sizes and configura-
tions of orthodontic appliances such as multi-strand
wires, strips or retainers to adjust their configuration. Fur-
thermore, the formed bends may comprise rounded cor-
ners or even loops. It will also be appreciated that the
orthodontic appliance may be used for treating any type
of teeth misalignment or maloclusion, including but not
limited to closing gaps ("space closure"), creating/widen-
ing gaps, tooth rotation, tooth intrusion/extrusion, and
translation, to name a few.
[0054] Referring now to FIG. 4, there is shown one
embodiment of a system 100 suitable for implementing
non-limiting embodiments of the present technology. The
system 100 will be described with reference to forming
the desired bend angle θA in the bend A of the orthodontic
appliance 10 of FIGS. 1-3.
[0055] It is to be expressly understood that the system
100 as depicted is merely an illustrative implementation
of the present technology. Thus, the description thereof
that follows is intended to be only a description of illus-
trative examples of the present technology. This descrip-
tion is not intended to define the scope or set forth the
bounds of the present technology. In some cases, what
are believed to be helpful examples of modifications to
the system 100 may also be set forth below. This is done
merely as an aid to understanding, and, again, not to
define the scope or set forth the bounds of the present
technology. These modifications are not an exhaustive
list, and, as a person skilled in the art would understand,
other modifications are likely possible. Further, where
this has not been done (i.e., where no examples of mod-
ifications have been set forth), it should not be interpreted
that no modifications are possible and/or that what is de-
scribed is the sole manner of implementing that element
of the present technology. As a person skilled in the art
would understand, this is likely not the case. In addition
it is to be understood that the system 100 may provide
in certain instances simple implementations of the
present technology, and that where such is the case they
have been presented in this manner as an aid to under-
standing. As persons skilled in the art would understand,
various implementations of the present technology may
be of a greater complexity.
[0056] The system 100 of FIG. 4 comprises a computer
system 110 operatively coupled to a bending apparatus
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120. Broadly, responsive to instructions from the com-
puter system 110, the bending apparatus 120 is config-
ured to form a bend in the archwire 10 having an initial
bend angle as determined in the gripped state. The bend-
ing apparatus is also arranged to grip or release the arch-
wire 10 in order to allow transition between the gripped
and free states. In these embodiments, monitoring of the
bend of the archwire 10 and determination of the initial
bend angle in the gripped state and a resultant bend an-
gle in the free state can be performed by any means and
this information provided to the computer system 110.
The computer system 110 can, selectively execute, in
response to the resultant angle being within a predefined
tolerance level of an obtained desired bend angle (e.g.
θA) in the free state, determine that the archwire 10 has
reached the desired bend angle; and in response to the
resultant angle being outside the predefined tolerance
level of the desired bend angle in the free state, iteratively
apply an adjusted bend angle to the archwire 10 in the
gripped state until the desired bend angle in the free state
is achieved. Certain embodiments of the bending appa-
ratus 120 will be described later with reference to FIG. 7.
[0057] FIG. 5 illustrates another embodiment of the
system 100 of FIG. 4, in which there is further provided
a computer vision system 130 for providing a computer
vision analysis of the bend. The computer vision system
130 is operatively connected to the computer system
110, and optionally connected to the bending apparatus
120. In certain embodiments, the computer vision system
130 is configured to monitor the bending of the archwire
10 in the gripped state for determining that the initial bend
angle in the archwire 10 in the gripped state has been
reached, and for measuring a resultant angle of the bend
when the orthodontic appliance is in the free state. In
certain embodiments, the computer vision system 130 is
configured to continuously monitor the bending of the
archwire 10 through an entire bending process. Certain
embodiments of the computer vision system 130 and the
computer vision analysis will be described later with ref-
erence to FIG. 8.
[0058] Turning first to the computer system 110, cer-
tain embodiments of the computer system 110 have a
computer environment 140 as illustrated schematically
in FIG. 6 and comprises various hardware components
including one or more single or multi-core processors
collectively represented by a processor 150, a solid-state
drive 160, a random access memory 170 and an in-
put/output interface 180. Communication between the
various components of the computing environment 140
may be enabled by one or more internal and/or external
buses 190 (e.g. a PCI bus, universal serial bus, IEEE
1394 "Firewire" bus, SCSI bus, Serial-ATA bus, ARINC
bus, etc.), to which the various hardware components
are electronically coupled.
[0059] The input/output interface 180 allows enabling
networking capabilities such as wire or wireless access.
As an example, the input/output interface 180 comprises
a networking interface such as, but not limited to, a net-

work port, a network socket, a network interface control-
ler and the like. Multiple examples of how the networking
interface may be implemented will become apparent to
the person skilled in the art of the present technology.
For example, but without being limiting, the networking
interface 180 may implement specific physical layer and
data link layer standard such as Ethernet, Fibre Channel,
Wi-Fi or Token Ring. The specific physical layer and the
data link layer may provide a base for a full network pro-
tocol stack, allowing communication among small groups
of computers on the same local area network (LAN) and
large-scale network communications through routable
protocols, such as Internet Protocol (IP).
[0060] According to implementations of the present
technology, the solid-state drive 160 stores program in-
structions suitable for being loaded into the random ac-
cess memory 170 and executed by the processor 150
for executing methods according to certain aspects and
embodiments of the present technology. For example,
the program instructions may be part of a library or an
application.
[0061] In this embodiment, the computing environment
140 is implemented in a generic computer system which
is a conventional computer (i.e. an "off the shelf’ generic
computer system). The generic computer system is a
desktop computer/personal computer, but may also be
any other type of electronic device such as, but not limited
to, a laptop, a mobile device, a smart phone, a tablet
device, or a server.
[0062] In other embodiments, the computing environ-
ment 140 is implemented in a device specifically dedi-
cated to the implementation of the present technology.
For example, the computing environment 140 is imple-
mented in an electronic device such as, but not limited
to, a desktop computer/personal computer, a laptop, a
mobile device, a smart phone, a tablet device, a server,
specifically designed for forming the desired bend angle
in an orthodontic appliance. The electronic device may
also be dedicated to operating other devices, such as
the bending apparatus 120 and/or the computer vision
system 130.
[0063] In some embodiments, the computing environ-
ment 140 is distributed amongst multiple systems, such
as the bending apparatus 120, the computer vision sys-
tem 130, and/or a server. In some embodiments, the
computing environment 140 may be at least partially im-
plemented in another system, as a sub-system for ex-
ample. In some embodiments, the computer system 110
and the computing environment 140 may be geograph-
ically distributed.
[0064] As persons skilled in the art of the present tech-
nology may appreciate, multiple variations as to how the
computing environment 140 is implemented may be en-
visioned without departing from the scope of the present
technology.
[0065] Returning to the computer system 110 of FIGS.
4-6, the computer system 110 or the processor 150 im-
plements, a machine learned algorithm (MLA) for deter-
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mining, by the MLA, the initial bend angle to be applied
to the orthodontic appliance during bending in the gripped
state for achieving the desired bend angle in the free
state.
[0066] The machine-learning algorithm, implemented
by the computer system 100, may comprise, without be-
ing limitative, a non-linear regression, a linear regression,
a logistic regression, a decision tree, a support vector
machine, a naive bayes, K-nearest neighbors, K-means,
random forest, dimensionality reduction, neural network,
gradient boosting and/or adaboost MLA.
[0067] In some embodiments, the MLA may be re-
trained or further trained by the system 110 based on the
data collected from the bending apparatus 120 and/or
the computer vision system 130, as well as on various
parameters relating to the archwire 10 such as compo-
sition, batch, manufacturer, diameter, width, thickness
etc. In certain embodiments, the system 110 is also ar-
ranged to execute a training phase of the MLA. In other
words, an output from the computer vision system 130
is fed back into the MLA for training or re-training.
[0068] Turning now to the bending apparatus 120, an
embodiment of which is schematically illustrated in FIG.
7. As mentioned earlier, the bending apparatus 120 is
arranged to form the bend in the archwire 10 based on
instructions received from the computer system 110. The
bending apparatus 120 comprises a first gripping mem-
ber 200 and a second gripping member 210 configured
to grip the archwire 10 along its length and move relative
to each other whilst gripping the archwire 10 to form the
bend in the archwire 10. The first gripping member 200
is attached to a robotic arm 220 having a plurality of axes
of movement independent of the movement of the first
gripping member 200. In this embodiment, the robotic
arm 220 and the first gripping member 200 together pro-
vides six axes of movement. The bending apparatus 120
further comprises a robot control unit 230 for operatively
controlling the movement of the first gripping member
200, the second gripping member 210 and the robotic
arm 220. Bending of the archwire 10 is executed by rel-
ative movement of the first gripping member 200 to the
second gripping member 210 whilst they are gripping the
archwire 10. Each of the first and second gripping mem-
bers 200, 210 have gripping surfaces (not shown) for
gripping the archwire 10. The first and second gripping
members 200, 210 can move between an open state,
which releases the archwire 10, and a closed state, which
grips the archwire 10. It will be appreciated that the arch-
wire 10 can thus be transitioned from the gripped state
to the free state through manipulation of the first and sec-
ond gripping members 200, 210. The second gripping
member 210 may be positionally fixed and immobile oth-
er than its operation between the closed and open states.
[0069] The robot control unit 230 is operatively con-
nected to the computer system 110, such as to the proc-
essor 150, and can receive instructions from the compu-
ter system 110 regarding the movement and operation
of the first gripping member 200, the second gripping

member 210, and/or the robotic arm 220 to form the bend
in the archwire 10. Information regarding the movement
and operation of the first gripping member 200, the sec-
ond gripping member 210, and/or the robotic arm 220
(e.g. co-ordinates) may be communicated between the
robot control unit 230 and the computer system 110. This
information may include any one or more of (i) a desired
bend angle in the archwire 10 in the free state, (ii) the
initial bend angle in the archwire 10 in the gripped state,
(iii) an actual bend angle in the archwire 10 in the gripped
state during bending, and (iv) the resultant bend angle
of the archwire 10 in the free state. The actual bend angle
in the archwire 10 in the gripped state during bending
may also be expressed as a change in angle or a change
in deflection. The robot control unit 230 may be opera-
tively connected to the computer system 110 as a wired
or wireless connection. The computer system 110 may
be at least partially incorporated in the robot control unit
230.
[0070] Also provided is a heating system for heating
the archwire 10 whilst under tension to form the pre-
shape of the archwire 10. The heating system comprises
a heating control unit 250 operatively connected to a pow-
er supply 260, and heating elements 270 for heating the
archwire 10 through the first and second gripping mem-
bers 200, 210. Heat may be generated electrically by
electrical current and resistance in the circuit. Tempera-
ture sensor(s) are provided (not shown) for measuring
the temperature of the archwire 10 and/or the heating
elements 270. The heating control unit 250 is operatively
connected to the computer system 110 or the robot con-
trol unit 230 and can receive instructions regarding op-
eration of the heating of the archwire 10 from the com-
puter system 110 or the robot control unit 230. Informa-
tion regarding the temperature of the archwire 10 and/or
the heating elements 270 is provided to the computer
system 110 or the robot control unit 230 for determining
an operation of the heating system. The operative con-
nections between the heating control unit 250, the com-
puter system 110 or the robot control unit 230 are wired
or wireless.
[0071] Other configurations of the bending apparatus
120 are possible and included within the scope of the
present technology. For example, the bending apparatus
120 may take the form of one or a combination of any of
the bending apparatus as described in US 6,612,143,
US 6,732,558, US 6,755,064, US 6,860,132, US
7,076,980, US 7,283,891, US2008/0154644 and
US2010275668, the contents of which are incorporated
herein by reference.
[0072] Turning now to FIG. 8 illustrating schematically
certain embodiments of the computer vision system 130
of the system 100 of FIG. 5 for performing a computer
vision analysis and for monitoring the bending of the arch-
wire 10. The computer vision system 130 comprises a
camera 300 for capturing images of the archwire 10 be-
fore, during and after bending, and a vision control unit
310 operatively connected to the computer system 110
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for performing a computer vision analysis of the captured
images.
[0073] In certain embodiments, the camera 300 is a
microscope capable of capturing video images, as image
frames, at magnifications of about 50x to about 400x.
The microscope may use optical magnification or elec-
tronical (digital) magnification, which may also incorpo-
rate digital stabilization. In certain embodiments, the mi-
croscope may also use composite camera 300 with com-
bined optical and digital magnification. The frame rate of
image capture is proportionally related to the bending
rate that can be used. In other words, the faster the frame
rate, the faster the bending can be performed. In certain
embodiments, the frame acquisition rate is 70 to 300
frames per second. In certain embodiments, the camera
300 is arranged to digitally capture images at a high frame
rate, such as over 250 frames per second. In use, the
camera 300 is arranged to focus on a segment of the
archwire 10 which includes the bend or the area where
the bend will be formed. Sequential image frames of this
segment of the archwire 10 are captured during bending
in real-time. The vision control unit 310 processes the
captured images to obtain an angle of the bend, also in
real-time, and relays the output of the image processing
to the computer system 100.
[0074] In certain embodiments, the computer vision
system 130 includes a background 320 that is positioned
facing the camera 300 and behind the archwire 10 for
providing a contrast of the archwire 10 against the back-
ground for ease of image processing. In certain embod-
iments, the background 320 is a chroma key background
or a light-absorbing background such as Vantablack™.
In certain embodiments, the computer vision system 130
includes a support surface on which the archwire 10 is
placed as well as the background 320. In certain embod-
iments, the support surface comprises a chroma key sur-
face, and the background comprises a light-absorbing
surface.
[0075] The vision control unit 310 comprises a proces-
sor (not shown) for carrying out the computer vision anal-
ysis of the captured images to monitor a bend angle, and
one or more databases (not shown) for storing the cap-
tured images and/or the processed images. The compu-
ter vision analysis can be performed on each frame, or
on sampled frames of the sequence of frames. During a
monitoring phase, the angle of the bend of the archwire
10 is determined as a function of time. The bend angle
may be determined continuously during the bending
process by continuous monitoring of the bend angle dur-
ing the bending process. The determined angle may be
an average based on closely-timed clusters of captured
image frames of the imaged archwire segment.
[0076] The computer vision analysis comprises deter-
mining a contour of the imaged segment of the archwire
10. Based on the determined contour of the archwire 10,
the computer vision analysis can derive one or more elon-
gate axes of the determined contour, the contour corre-
sponding to the imaged archwire 10 segment. For clarity,

the imaged archwire 10 segment may include a bend and
two bend arms, each of the bend arms having its own
elongate axis. The angle of the bend can then be deter-
mined based on the elongate axes of the bend arms, in
a manner that will be described later.
[0077] The contour of the imaged segment of the arch-
wire 10 is determined using image processing or filtering
steps. The image processing steps are selected from one
or more of image pre-processing, image enhancement,
image segmentation, image compression, image resto-
ration, image representation, image recognition, image
labelling, image format conversion and the like. Image
pre-processing includes scaling (e.g. sizing, cropping).
Image enhancement includes functions such as focus
adjustment, and image noise cancellation (e.g. erosion).
The processor is also configured to change formats of
the captured images, such as to a HSV format (Hue, Sat-
uration, Value), which allows separation of colour com-
ponents from intensity for ease of certain image process-
ing steps.
[0078] FIG. 9 depicts an example of a captured image
frame of an imaged archwire 10 segment using the em-
bodiment of the computer vision system 130 of FIG. 8.
In this embodiment, the image processing steps include
scaling and optionally sharpening of blurs, transforma-
tion of the image to HSV format, determining a lightness
channel of the image, and image noise cancelation.
[0079] In certain embodiments, the image noise can-
cellation comprises removing smaller objects on the im-
age using an erosion function. Relatively larger objects
on the image are ignored based on a determined area
of the object relative to its length, based on the fact that
the imaged archwire 10 segments have an elongate form
with larger areas. A further filtering can be performed
based on a roundness of the object, with rounder objects
being ignored. A time-based approximation can then be
performed to reduce light noises (e.g. lens flares).
[0080] Referring back to determination of the angle of
the bend from the imaged archwire 10, the bent archwire
10 has two bend arms, one on either side of the bend,
and each having its own elongate axis. In certain embod-
iments, the angle of the bend comprises an angle be-
tween the respective elongate axes of the bend arms of
the archwire 10. In other embodiments, one of the bend
arms of the archwire 10 may be used as a reference axis
for the bend angle determination. In this case, the refer-
ence axis may be established before the bending process
is initiated, in a set-up phase, by projecting a virtual ref-
erence axis onto the image of the archwire 10. During
bending, the virtual reference axis is maintained in align-
ment with one of the bend arms of the archwire 10 during
the bending process. The angle of the bend is then de-
termined as the angle between the virtual reference axis
and the elongate axis of the other bend arm. In certain
embodiments, the reference axis is the starting position
40 shown in FIG. 3. FIG. 10 shows a filtered image of
the archwire 10 segment on the left, and a determined
angle of the archwire 10 segment on the right.
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[0081] The set-up phase may include a calibration step
for normalizing variations in orientation between the cam-
era 300 and the archwire 10 segment being imaged (this
orientation may differ between different monitoring/bend-
ing tests). The calibration step comprises detecting an
angle between a line of vision of the camera 300 and the
archwire 10 segment being imaged, and normalizing this
angle with a reference angle.
[0082] The bend angle of the archwire 10 in the free
state is measured in a similar manner as described
above. Specifically, once the bending apparatus 120 has
released one of the gripping members 200, 210, images
of the segment of the archwire 10 including the bend are
captured, and processed as described above to deter-
mine the free state bend angle.
[0083] In other embodiments, the computer vision sys-
tem 130 has a different configuration than the one de-
scribed in relation to FIGS. 8-10. For example, the cam-
era 300, or the image processing steps may differ. In
certain embodiments, instead of a computer vision sys-
tem 130, any other device or system for continuously
monitoring the bending of the archwire 10 may be pro-
vided, such as strain gauges.
[0084] In some embodiments, the computer system
110 is connectable to the bending apparatus 120, and/or
the computer vision system 130 via a communication net-
work. In some embodiments, the communication network
is the Internet and/or an Intranet. Multiple embodiments
of the communication network may be envisioned and
will become apparent to the person skilled in the art of
the present technology.
[0085] In some embodiments, the computer system
110 is connectable to the bending apparatus 120, and/or
the computer vision system 130 via the processor 150.
In some other embodiments, the computer system 110
may be directly connected to the bending apparatus 120,
and/or the computer vision system 130. In some alterna-
tive embodiments, the computer system 110 or the com-
puting environment 140 is implemented, at least partially,
on the bending apparatus 120, and/or the computer vi-
sion system 130. In yet some alternative embodiments,
the computer system 110 may be hosted, at least par-
tially, on a server. In some alternative embodiments, the
system may be partially or totally virtualized through a
cloud architecture.
[0086] With reference now to FIG. 11, in certain em-
bodiments the computer system 110 is configured to ex-
ecute a method 400 for forming the desired bend angle
in the archwire 10. The method 400 will now be described
in further detail below.
[0087] STEP 402: obtaining an indication of the de-
sired bend angle in the orthodontic appliance
[0088] The method begins at step 402 with the com-
puter system 110 obtaining an indication of the desired
bend angle in the orthodontic appliance (e.g. the archwire
10). In the embodiment of FIG. 2, the desired bend angle
of bend A is the bend angle θA in the position 50. The
desired bend angle is when the archwire is in the free

state.
[0089] In certain embodiments, the desired bend angle
is based on a treatment plan determined by a clinician,
such as an orthodontist or a dentist. The desired bend
angle can be determined by any method such as a man-
ual determination or a computer model-based determi-
nation.
[0090] In certain embodiments, the obtaining the indi-
cation of the desired bend angle in the orthodontic appli-
ance comprises receiving the indication from an operator
of the computer system, such as through a user interface.
[0091] In other embodiments, the obtaining the indica-
tion of the desired bend angle in the orthodontic appliance
comprises calculating, by the computer system 110 or
another computer system, the desired bend angle.
[0092] For archwires 10 having a plurality of bends,
such as the archwire 10 of FIGS 1-3, the desired bend
angle can be relative to a position of an adjacent portion
of the archwire 10 as illustrated in FIG. 2. Alternatively,
each desired bend angle can be determined based on a
baseline starting position.
[0093] STEP 404: determining, by the MLA, an ini-
tial bend angle to be applied to the orthodontic ap-
pliance during bending in a gripped state of the or-
thodontic appliance for achieving the desired bend
angle in the orthodontic appliance when the ortho-
dontic appliance is in a free state
[0094] At step 404, the computer system 110 causes
execution of the MLA to determine the initial bend angle
to be applied to the orthodontic appliance, e.g. the arch-
wire 10, in the gripped state, so that the desired bend
angle in the free state can be achieved. In the example
of FIG. 3, the initial bend angle is an over-bend angle
θAOB to take into account an elastic property of the arch-
wire 10 which causes it to spring back to the desired bend
angle in the free state.
[0095] STEP 406: causing the bending apparatus
to form a bend having the initial bend angle in the
orthodontic appliance, by bending the orthodontic
appliance in the gripped state
[0096] In certain embodiments, the bend is formed by
the computer system 100 sending instructions to the
bending apparatus 120 of FIG. 7, for example. The bend-
ing apparatus 120, on receiving instructions from the
computer system 110, grips the archwire 10 using the
first and second gripping members 200, 210, and causes
the archwire 10 to bend by applying a relative movement
of the first and second gripping members 200, 210.
[0097] STEP 408: monitoring the bending of the or-
thodontic appliance in the gripped state through a
computer vision analysis
[0098] In certain embodiments, the computer vision
analysis is performed by the computer vision system 130.
[0099] Monitoring of the bending of the orthodontic ap-
pliance may comprise: capturing a sequence of images
of the bend of the archwire 10 as it is being formed during
the bending; filtering or processing the images to deter-
mine a contour of the orthodontic appliance; determining
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two elongate (longitudinal) axes of the orthodontic appli-
ance from the contour; and determining an angle be-
tween the two longitudinal axes of the orthodontic appli-
ance.
[0100] In certain embodiments, the filtering of the im-
ages comprises one or more of image scaling, adjusting
focus, and cancelling image noise. The filtering may also
comprise converting the captured images to HSV image
format.
[0101] In certain embodiments, the monitoring of the
bending of the orthodontic appliance comprises deter-
mining an angle of the bend being formed relative to a
starting position or reference axis. In certain embodi-
ments, the starting position comprises projecting a virtual
axis onto the image of the wire before the bending proc-
ess is initiated, and aligning the virtual axis with the elon-
gate axis of the archwire 10 before causing the bending
apparatus to form the bend.
[0102] In certain embodiments, the monitoring the
bending of the orthodontic appliance in the gripped state
through the computer vision analysis comprises contin-
uously monitoring the bending of the orthodontic appli-
ance in the gripped state throughout an entire bending
process. The monitoring can be in real-time.
[0103] STEP 410: in response to the computer vi-
sion analysis rendering an indication that the initial
bend angle in the orthodontic appliance in the
gripped state has been reached, causing the bending
apparatus to release at least a portion of the ortho-
dontic appliance so that the orthodontic appliance
is in the free state
[0104] In certain embodiments, a feedback loop based
on the computer vision analysis provides an indication
to the computer system 110 that the initial bend angle
has been reached. The computer system 110 can then
provide instructions to the bending apparatus 120 to stop
the bending operation, and to release the archwire 10 so
that a measurement of a resultant bend angle in the free
state can be performed.
[0105] STEP 412: measuring a resultant angle of
the bend through the computer vision analysis, when
the orthodontic appliance is in the free state
[0106] In certain embodiments, the resultant angle of
the bend is performed by capturing at least one image
of the formed bend; filtering the image to determine a
contour of the orthodontic appliance; determining two
elongate (longitudinal) axes of the orthodontic appliance
from the contour; and determining an angle between the
two longitudinal axes of the orthodontic appliance.
[0107] In other embodiments, only one longitudinal ax-
is is determined and compared to the starting position
with which a segment of the archwire which did not move
during bending is aligned.
[0108] In certain embodiments, the filtering of the im-
age comprises one or more of image scaling, adjusting
focus, and cancelling image noise. The filtering can fur-
ther comprise converting the captured images to HSV
format.

[0109] STEP 414: selectively executing: in re-
sponse to the resultant angle being within a prede-
fined tolerance level of the desired bend angle, de-
termining that the orthodontic appliance has
reached the desired bend angle; and in response to
the resultant angle being outside the predefined tol-
erance level of the desired bend angle, iteratively ap-
plying an adjusted bend angle to the orthodontic ap-
pliance in the gripped state until the desired bend
angle is achieved as determined by the computer vi-
sion analysis in the free state.
[0110] In certain embodiments, if it is determined that
the desired bend angle has been achieved according to
a predefined tolerance level, the method ends at step
414.
[0111] In certain embodiments, if it is determined that
the resultant angle is outside of the predefined tolerance
level, the method continues by applying an adjusted bend
angle to the archwire 10. The adjusted bend angle may
be determined by the MLA and have the effect of reducing
or increasing the resultant angle depending on whether
the resultant angle was above or below the desired bend
angle.
[0112] As before, the bending of the archwire 10 in the
gripped state through the computer vision analysis is
monitored. When the computer vision analysis renders
an indication that the adjusted bend angle in the gripped
state has been reached, the computer system 100 caus-
es the bending apparatus 120 to release at least a portion
of the archwire 10 so that the archwire 10 is in the free
state and the resultant angle in the free state can be
measured. The computer vision analysis determines the
resultant angle in the free state. The method ends if the
resultant angle in the free state is within the predefined
tolerance level of the desired bend angle. If not, the meth-
od continues by applying further iteration(s) of a further
adjusted bend angle to the archwire 10 until the desired
bend angle in the free state of the archwire 10 is achieved
as determined by computer vision analysis.
[0113] In a further step, the method 400 may comprise
feeding the adjusted bend angle or the further adjusted
bend angle, together with their respective resultant an-
gles in the free state to the MLA to be used for further
retraining of the MLA.
[0114] In certain embodiments, the method 400 further
comprises the computer system 110 executing a training
process for the training of the MLA. The training process
may occur before the method steps 402-414 listed above.
The training process may include providing a feedback
loop based on a computer vision analysis.
[0115] In certain embodiments, the training process
comprises providing at least one training set, the training
set including an indication of a property of the archwire
10 and a target value representative of a desired bend.
The property of the archwire 10 may include at least one
of: an elasticity property of a material from which the arch-
wire 10 is formed, a thickness of the archwire 10, a di-
ameter of the archwire 10, a composition of the archwire
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10, and a manufacturing process of the archwire 10.
[0116] In certain embodiments, the training process
further comprises: executing a test bending to bend a
test archwire 10 to the desired bend; calculating a vari-
ance parameter between an actual bend and the desired
bend; and feeding back the variance parameter to the
MLA for further retraining of the MLA.
[0117] In certain embodiments, the training process
further comprises iteratively executing the training proc-
ess until the variance parameter is within a pre-deter-
mined acceptable error threshold.
[0118] According to another aspect of the present tech-
nology, there is also provided a method 500 for training
a Machine Learning Algorithm (MLA), the MLA for deter-
mining, in use, a bend angle to be applied to an ortho-
dontic appliance during bending in a gripped state for
achieving a desired bend angle in the orthodontic appli-
ance when in a free state. The method 500 is implement-
ed by the computer system 110, such as the processor
150, the computer system 110 being operatively coupled
to the bending apparatus 120. The method 500 com-
mences at step 502.
[0119] Step 502: obtaining an indication of the de-
sired bend angle in the orthodontic appliance
[0120] The method begins at step 502 with the com-
puter system 110 obtaining an indication of the desired
bend angle in the orthodontic appliance (e.g. the archwire
10). In the embodiment of FIG. 2, the desired bend angle
of bend A is the bend angle θA in the position 50. The
desired bend angle is when the archwire 10 is in the free
state.
[0121] In certain embodiments, the desired bend angle
is based on a treatment plan determined by a clinician,
such as an orthodontist or a dentist. The desired bend
angle can be determined by any method such as a man-
ual determination or a computer model-based determi-
nation.
[0122] In certain embodiments, the obtaining the indi-
cation of the desired bend angle in the orthodontic appli-
ance comprises receiving the indication from an operator
of the computer system, such as through a user interface.
[0123] In other embodiments, the obtaining the indica-
tion of the desired bend angle in the orthodontic appliance
comprises calculating, by the computer system 110 or
another computer system, the desired bend angle.
[0124] For archwires 10 having a plurality of bends,
such as the archwire 10 of FIGS 1-3, the desired bend
angle can be relative to a position of an adjacent portion
of the archwire 10 as illustrated in FIG. 2. Alternatively,
each desired bend angle can be determined based on a
baseline starting position.
[0125] STEP 504: causing the bending apparatus
to form a bend having the initial bend angle in the
orthodontic appliance, by bending the orthodontic
appliance in the gripped state
[0126] In certain embodiments, the bend is formed by
the computer system 100 sending instructions to the
bending apparatus 120 of FIG. 7, for example. The bend-

ing apparatus 120, on receiving instructions from the
computer system 110, grips the archwire 10 using the
first and second gripping members 200, 210, and causes
the archwire 10 to bend by applying a relative movement
of the first and second gripping members 200, 210.
[0127] STEP 506: in response to the computer vi-
sion analysis rendering an indication that the initial
bend angle in the orthodontic appliance in the
gripped state has been reached, causing the bending
apparatus to release at least a portion of the ortho-
dontic appliance so that the orthodontic appliance
is in the free state
[0128] In certain embodiments, a feedback loop based
on the computer vision analysis provides an indication
to the computer system 110 that the initial bend angle
has been reached. The computer system 110 can then
provide instructions to the bending apparatus 120 to stop
the bending operation, and to release the archwire 10 so
that a measurement of a resultant bend angle in the free
state can be performed.
[0129] STEP 508: obtaining a measure of a result-
ant angle of the bend through the computer vision
analysis, when the orthodontic appliance is in the
free state
[0130] In certain embodiments, the obtaining the
measure of the resultant angle of the bend, when the
orthodontic appliance is in the free state, comprises ap-
plying an optical feedback analysis.
[0131] The optical feedback analysis comprises, in
certain embodiments, monitoring the bending of the or-
thodontic appliance in the gripped state through a com-
puter vision analysis to determine when the initial bend
angle in the orthodontic appliance in the gripped state
has been reached; and measuring a resultant angle of
the bend through the computer vision analysis, when the
orthodontic appliance is in the free state. The optical feed-
back analysis further comprises the computer system
110 selectively executing: in response to the resultant
angle being within a predefined tolerance level of the
desired bend angle, determining that the orthodontic ap-
pliance has reached the desired bend angle; and in re-
sponse to the resultant angle being outside the prede-
fined tolerance level of the desired bend angle, iteratively
applying an adjusted bend angle to the orthodontic ap-
pliance in the gripped state until the desired bend angle
is achieved as determined by the computer vision anal-
ysis in the free state.
[0132] In certain embodiments, the resultant angle of
the bend is performed by capturing at least one image
of the formed bend; filtering the image to determine a
contour of the orthodontic appliance; determining two
longitudinal axes of the orthodontic appliance from the
contour; and determining an angle between the two lon-
gitudinal axes of the orthodontic appliance.
[0133] In other embodiments, only one longitudinal ax-
is is determined and compared to a virtual starting posi-
tion axis with which a segment of the archwire which did
not move during bending is aligned.
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[0134] In certain embodiments, the filtering of the im-
age comprises one or more of image scaling, adjusting
focus, and cancelling image noise. The filtering can fur-
ther comprise converting the captured images to HSV
format.

STEP 510: generating a training set for training the 
MLA

[0135] In certain embodiments, the training set in-
cludes an indication of a property of the archwire 10 and
a target value representative of a desired bend.
[0136] The property of the archwire 10 may include at
least one of: an elasticity property of a material from which
the archwire 10 is formed, a thickness of the archwire
10, a diameter of the archwire 10, a composition of the
archwire 10, and a manufacturing method of the archwire
10. The target value may comprise the initial bend angle.
[0137] The training set is configured to train the MLA
to predict the initial bend angle based on the desired bend
angle and the property of the archwire 10.
[0138] In certain embodiments, the method 500 further
comprises calculating a difference parameter between
the resultant angle of the bend and the initial bend angle
and feeding the difference parameter as an indication of
the prediction error.
[0139] In certain embodiments, the method further
comprises iteratively repeating the method for training
until the prediction error is within a pre-determined
threshold.
[0140] It should be expressly understood that not all
technical effects mentioned herein need to be enjoyed
in each and every embodiment of the present technology.
[0141] Modifications and improvements to the above-
described implementations of the present technology
may become apparent to those skilled in the art. The
foregoing description is intended to be exemplary rather
than limiting. The scope of the present technology is
therefore intended to be limited solely by the scope of
the appended claims.

Claims

1. A method for forming a desired bend angle in an
orthodontic appliance, the method being implement-
ed by a processor of a computer system, the com-
puter system executing a Machine Learning Algo-
rithm (MLA), the computer system operatively cou-
pled to a bending apparatus, the method comprising:

- obtaining an indication of the desired bend an-
gle in the orthodontic appliance;
- determining, by the MLA, an initial bend angle
to be applied to the orthodontic appliance during
bending in a gripped state of the orthodontic ap-
pliance for achieving the desired bend angle in
the orthodontic appliance when the orthodontic

appliance is in a free state;
- causing the bending apparatus to form a bend
having the initial bend angle in the orthodontic
appliance, by bending the orthodontic appliance
in the gripped state;
- monitoring the bending of the orthodontic ap-
pliance in the gripped state through a computer
vision analysis;
- in response to the computer vision analysis
rendering an indication that the initial bend angle
in the orthodontic appliance in the gripped state
has been reached, causing the bending appa-
ratus to release at least a portion of the ortho-
dontic appliance so that the orthodontic appli-
ance is in the free state,
- measuring a resultant angle of the bend
through the computer vision analysis, when the
orthodontic appliance is in the free state;
- selectively executing:

- in response to the resultant angle being
within a predefined tolerance level of the de-
sired bend angle, determining that the or-
thodontic appliance has reached the de-
sired bend angle; and
- in response to the resultant angle being
outside the predefined tolerance level of the
desired bend angle, iteratively applying an
adjusted bend angle to the orthodontic ap-
pliance in the gripped state until the desired
bend angle is achieved as determined by
the computer vision analysis in the free
state.

2. The method of claim 1, wherein the obtaining the
indication of the desired bend angle in the orthodon-
tic appliance comprises receiving the indication from
an operator of the computer system, or calculating,
by the computer system, the desired bend angle.

3. The method of claim 1 or claim 2, further comprising
feeding the adjusted bend angle to the MLA to be
used for further retraining of the MLA.

4. The method of any of claims 1-3, wherein the method
further comprises, prior to the obtaining the indica-
tion of the desired bend angle: executing a training
process for the MLA.

5. The method of claim 4, wherein the training process
includes providing a feedback loop based on the
computer vision analysis.

6. The method of claim 4, wherein the training process
comprises providing at least one training set, the
training set including an indication of a property of
the orthodontic appliance and a target value repre-
sentative of a desired bend; the property of the or-
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thodontic appliance including at least one of:

• an elasticity property of a material from which
the orthodontic appliance is formed,
• a thickness of the orthodontic appliance,
• a diameter of the orthodontic appliance,
• a composition of the material from which the
orthodontic appliance is formed, and
• a manufacturing process of the orthodontic ap-
pliance.

7. The method of any of claims 4-6, wherein the training
process further comprises:

executing a test bending to bend a test ortho-
dontic appliance to the desired bend;
calculating a variance parameter between an
actual bend and the desired bend; and
feeding back the variance parameter to the MLA
for further retraining of the MLA.

8. The method of claim 7, further comprising iteratively
executing the training process until the variance pa-
rameter is within a pre-determined acceptable error
threshold.

9. The method of any of claims 1-8, wherein the mon-
itoring of the bending of the orthodontic appliance
comprises:

• capturing a sequence of images of the bend
as it is being formed during the bending;
• filtering the images to determine a contour of
the orthodontic appliance,
• determining at least one elongate axis of the
orthodontic appliance from the contour; and
• determining an angle between the at least one
elongate axis of the orthodontic appliance and
a reference axis, or between two elongate axes
of the orthodontic appliance.

10. The method of claim 9, wherein the reference axis
is determined by projecting a virtual axis onto, and
aligned with, the image of the orthodontic appliance
before causing the bending apparatus to form the
bend in the orthodontic appliance.

11. The method of claim 10, further comprising main-
taining the alignment of the virtual axis on an image
of at least a portion of the orthodontic appliance dur-
ing the bending process.

12. The method of any of claims 1-10, wherein the mon-
itoring of the bending of the orthodontic appliance
comprises continuously monitoring the bending of
the orthodontic appliance in the gripped state
throughout an entire bending process.

13. A system for forming a desired bend angle in an or-
thodontic appliance, the system comprising a bend-
ing apparatus operatively coupled to a computer sys-
tem; the computer system executing a Machine
Learning Algorithm (MLA) and having a processor
arranged to execute a method comprising:

- obtaining an indication of the desired bend an-
gle in the orthodontic appliance;
- determining, by the MLA, an initial bend angle
to be applied to the orthodontic appliance during
bending in a gripped state of the orthodontic ap-
pliance for achieving the desired bend angle in
the orthodontic appliance when the orthodontic
appliance is in a free state;
- causing the bending apparatus to form a bend
having the initial bend angle in the orthodontic
appliance, by bending the orthodontic appliance
in the gripped state;
- monitoring the bending of the orthodontic ap-
pliance in the gripped state through a computer
vision analysis;
- in response to the computer vision analysis
providing an indication that the initial bend angle
in the orthodontic appliance in the gripped state
has been reached, causing the bending appa-
ratus to release at least a portion of the ortho-
dontic appliance so that the orthodontic appli-
ance is in the free state,
- measuring a resultant angle of the bend
through the computer vision analysis, when the
orthodontic appliance is in the free state;

- selectively executing:

- in response to the resultant angle be-
ing within a predefined tolerance level
of the desired bend angle, determining
that the orthodontic appliance has
reached the desired bend angle; and
- in response to the resultant angle be-
ing outside the predefined tolerance
level of the desired bend angle, itera-
tively applying an adjusted bend angle
to the orthodontic appliance in the
gripped state until the desired bend an-
gle is achieved as determined by the
computer vision analysis in the free
state.

14. A method for training a Machine Learning Algorithm
(MLA), the MLA for determining, in use, a bend angle
to be applied to an orthodontic appliance during
bending in a gripped state for achieving a desired
bend angle in the orthodontic appliance when in a
free state, the method being implemented by a proc-
essor of a computer system, the computer system
operatively coupled to a bending apparatus, the
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method comprising:

- obtaining an indication of the desired bend an-
gle in the orthodontic appliance;
- causing the bending apparatus to form a bend
having an initial bend angle in the orthodontic
appliance, by bending the orthodontic appliance
in the gripped state;
- in response to receiving an indication that the
initial bend angle in the orthodontic appliance in
the gripped state has been reached, causing the
bending apparatus to release at least a portion
of the orthodontic appliance so that the ortho-
dontic appliance is in the free state,
- obtaining a measure of a resultant angle of the
bend, when the orthodontic appliance is in the
free state;

generating a training set for training the MLA, the
training set including:

an indication of a property of the orthodontic ap-
pliance and a target value representative of a
desired bend;
the property of the orthodontic appliance includ-
ing at least one of: an elasticity property of a
material from which the orthodontic appliance is
formed, a thickness of the orthodontic appli-
ance, a diameter of the orthodontic appliance,
a composition of the orthodontic appliance, and
a manufacturing method of the orthodontic ap-
pliance;
the target value comprises the initial bend angle;
and wherein the training set is configured to train
the MLA to predict the initial bend angle based
on the desired bend angle and the property of
the orthodontic appliance.

15. A system for training a Machine Learning Algorithm
(MLA), the MLA for determining, in use, a bend angle
to be applied to an orthodontic appliance during
bending in a gripped state for achieving a desired
bend angle in the orthodontic appliance when in a
free state, the system comprising a computer system
operatively coupled to a bending apparatus, the
computer system having a processor arranged to
execute a method, the method comprising:

- obtaining an indication of the desired bend an-
gle in the orthodontic appliance;
- causing the bending apparatus to form a bend
having an initial bend angle in the orthodontic
appliance, by bending the orthodontic appliance
in the gripped state;
- in response to receiving an indication that the
initial bend angle in the orthodontic appliance in
the gripped state has been reached, causing the
bending apparatus to release at least a portion

of the orthodontic appliance so that the ortho-
dontic appliance is in the free state,
- obtaining a measure of a resultant angle of the
bend, when the orthodontic appliance is in the
free state;

generating a training set for training the MLA, the
training set including:

an indication of a property of the orthodontic ap-
pliance and a target value representative of a
desired bend;
the property of the orthodontic appliance includ-
ing at least one of: an elasticity property of a
material from which the orthodontic appliance is
formed, a thickness of the orthodontic appli-
ance, a diameter of the orthodontic appliance,
a composition of the orthodontic appliance, and
a manufacturing method of the orthodontic ap-
pliance;
the target value comprises the initial bend angle;
and wherein the training set is configured to train
the MLA to predict the initial bend angle based
on the desired bend angle and the property of
the orthodontic appliance.
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