47093713 A1 | I YO0 A0 R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date
4 November 2004 (04.11.2004)

AT O Y

(10) International Publication Number

WO 2004/093713 Al

(51) International Patent Classification’: A61C 7/30, 7/28

(21) International Application Number:
PCT/US2004/003682

(22) International Filing Date: 9 February 2004 (09.02.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/393,095 20 March 2003 (20.03.2003) US

(71) Applicant (for all designated States except US): 3M IN-
NOVATIVE PROPERTIES COMPANY [US/US]; 3M
Center, Post Office Box 33427, Saint Paul, MN 55133-
3427 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): LAI, Ming-Lai
[CN/US]; 3M, 2724 South Peck Road, Monrovia, CA
91016 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(84)

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,

[Continued on next page]

(54) Title: ORTHODONTIC BRACE WITH SELF-RELEASING APPLIANCES

& (57) Abstract: An orthodontic brace includes a set of appliances that are connected to respective teeth of the patient. At least
& some of the appliances include a latch that is operable to release an archwire from the appliance whenever the force exerted by
the archwire exceeds a certain value. This value is higher for appliances connected to certain teeth than the value associated with
O appliances connected to other teeth, in accordance with the particular malocclusion encountered. The brace is constructed to ensure
that the goals of the treatment program are carried out in an efficient manner while reducing the likelihood of inadvertent release of

=

the archwire during the course of treatment.



WO 2004/093713 A1 I} 010 00000 0000 000 00

JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, — asto the applicant’s entitlement to claim the priority of the
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, earlier application (Rule 4.17(iii)) for all designations
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ,

T™M, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,

ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, SD, Published:

SL, SZ, TZ, UG, ZM, ZW), Eurasian patent (AM, AZ, BY, —  with international search report

KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, BG,

CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IT,

LU, MC, NL, PT, RO, SE, SI, SK, TR), OAPI patent (BF, BJ,  For two-letter codes and other abbreviations, refer to the "Guid-
CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,  ance Notes on Codes and Abbreviations" appearing at the begin-
TG) ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2004/093713 PCT/US2004/003682

ORTHODONTIC BRACE WITH SELF-RELEASING APPLIANCES

Background of the Invention

1. Field of the Invention

This invention relates to a brace or components of a brace used in orthodontic
treatment to correct malocclusions. The brace and brace components include orthodontic
appliances such as a bracket or buccal tube having a releasable latch for releasably retaining

an archwire in an archwire slot of the appliance.

2. Description of the Related Art

Orthodontic therapy is a specialized type of treatment within the field of dentistry, and
involves movement of malpositioned teeth to orthodontically correct locations. Orthodontic
treatment often improves the patient's occlusion and typically enhances the aesthetic
appearance of the teeth.

Many types of orthodontic treatment programs involve the use of a set of tiny
appliances and wires that are commonly known collectively as "braces". During such
treatment programs, small appliances known as brackets are fixed to the patient's anterior,
cuspid and bicuspid teeth, and an archwire is inserted into a slot of each bracket. The
archwire forins a track to guide movement of the teeth to orthodontically correct locations.
End sections of the archwires are typically captured in tiny appliances known as buccal tubes
that are fixed to the patient's molar teeth.

Many types of orthodontic brackets have archwire slots that are open on one side for
insertion of the archwire, and bounded on remaining sides by walls or other structure.
Brackets that are intended to be bonded to the patient's front tooth surfaces often have

archwire slots that are open either on a buccolabial side (i.e., a side facing the patient's cheeks
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or lips) or an occlusal side (i.e., a side facing the outer tips of the teeth) of the archwire slot.
Some brackets, however, are intended to be fixed to the lingual side of the patient's teeth (i.e.,
the side of the teeth facing the patient's tongue) and typically have an archwire slot that is
open on a lingual side or on an occlusal side.

Orthodontists often use ligatures to connect the archwire to the brackets and to urge
the archwire into an orientation of seating engagement in the archwire slot. One type of
commercially available orthodontic ligature is a small, elastomeric O-ring. Orthodontic O-
ring ligatures are installed by stretching the O-ring around small wings (known as "tiewings")
that are connected to the bracket body on the gingival side (i.e., the side facing the patient's
gingiva or gums) and on the occlusal side of the archwire slot. Once installed, the O-ring
ligature extends around the back or lingual side of the tiewings as well as over the labial side
of the archwire and urges the archwire toward a fully seated position in contact with a lingual
wall of the archwire slot.

Metal ligatures, such as ligatures made of stainless steel, are also used to retain
archwires in archwire slots of brackets. Metal ligatures are typically made of a short section
of initially straight wire that is subsequently formed into a loop. During installation, the wire
ligature is hooked around the tiewings and extended over the labial side of the archwire. End
sections of the ligature are then twisted together to close the loop and retain the ligature in
place.

Unfortunately, some orthodontists are not entirely satisfied with elastomeric and metal
ligatures. Such ligatures are somewhat time-consuming to install, both during initial
installation and also during reinstallation whenever replacement of the archwire or ligatures is
desired. As can be appreciated, decreasing the amount of time needed for ligation can help to
reduce the total time that the practitioner must spend with the patient and consequently
decrease the overall costs of orthodontic treatment.

Other disadvantages are also associated with elastomeric and metal ligatures. For
example, there have been reports that certain polyurethane elastomeric ligatures have
exhibited deformation and force decay during the course of treatment. In some instances,

elastomeric ligatures are stained by food and beverages consumed by the patient and become
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somewhat unsightly. Metal ligatures often have sharp ends that may retain plaque and food
debris and also may increase the risk of infection.

In an effort to overcome the problems associated with conventional ligatures, a variety
of orthodontic brackets have been proposed having various types of latches for coupling the
archwire to the bracket. Such brackets are also known as self-ligating brackets. The latch
comprises a movable clip, spring member, cover, shutter, bail or other structure that is
connected to the bracket body for retaining an archwire in the archwire slot.

Examples of self-ligating orthodontic brackets having generally U-shaped ligating
latch clips are described in U.S. Patent Nos. 3,772,787, 4,248,588 and 4,492,573. In general,
the clip of such brackets is slidably mounted on the bracket body, and a dental explorer or
other small-tipped dental tool is used to move the clip relative to the body when needed in
order to open or close the archwire slot. A self-ligating bracket known as the "Speed" brand
bracket also has a movable, generally U-shaped clip for ligating the archwire to the bracket.

Other types of self-ligating brackets have latches that resemble swinging shutters or
closures that pivotally move between a slot-open and a slot-closed position. For example, the
bracket illustrated in U.S. Patent No. 4,712,999 has a rotatable cover plate that is pivotally
connected at one end to a tiewing of the bracket along one side of the slot, and is releasably
engagable at the other end with a tiewing that is located along the opposite side of the
archwire slot. Other orthodontic brackets with swinging latches are described in U.S. Patent
Nos. 4,103,423, 5,516,284 and 5,685,711.

U.S. Patent Nos. 4,371,337 and 4,559,012 describe self-ligating orthodontic brackets
having latches that rotate about the longitudinal axis of the archwire slot. The latch of these
references has a somewhat cylindrical shape and is rotatably received in a mating, cylindrical
channel, and an outwardly extending arm is provided to assist in rotatably moving the latch
between a slot-open and a slot-closed position.

A self-ligating orthodontic bracket that is described in U.S. Patent No. 5,711,666 has a
latch that comprises a flexible flat spring member. One end of the spring member is fixed to
the bracket body on one side of the archwire slot, and the opposite end of the spring member
has notches that releasably engage latch sears or catches when the spring member is moved to

a slot-closed position. To open the slot, the notches are disengaged from the catches and the
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spring member is bent to an orientation sufficient to enable the archwire to be removed from
the archwire slot.

Other types of self-ligating orthodontic brackets have latches that comprise essentially
flat plates that are slidable between a slot-open and a slot-closed position. Examples of such
construction are shown in U.S. Patent Nos. 5,094,614, 5,322,435 and 5,613,850. In general,
the sliding latches described in those references move in upright channels that are located
buccolabially of the archwire slot.

Another type of self-ligating bracket that has been proposed in the past has a latch that
is made of a section of wire material that functions similar to a bail. The orthodontic brackets
described in U.S. Patent Nos. 4,149,314, 4,725,229 and 5,269,681 have wire-like latches that
swing between a slot-closed position and a slot-open position. The orthodontic bracket
described in U.S. Patent No. 4,260,375 has a wire latch that is slidable between a slot-open
and a slot-closed position.

Improved self-ligating orthodontic brackets are described in two pending PCT
applications entitled “ORTHODONTIC APPLIANCE WITH SELF-RELEASING LATCH”,
W001/22901 and US02/09896. The appliances described in these applications have a latch
for retaining an archwire in the archwire slot, and the latch releases the archwire from the
archwire slot whenever the archwire exerts a force on the appliance that exceeds a certain
minimum value. The minimum value is significantly less than the force required in the same
direction to debond the appliance from the tooth, and consequently helps ensure that the
appliance will not spontaneously debond from the tooth during the course of treatment.

In certain embodiments of the appliances described in the PCT applications mentioned
above, the archwire may be inserted into the archwire slot by pressing the archwire against the
latch. The latch is constructed to self-open without the need for hand instruments or other
tools. Consequently, such appliances are a great advantage to the practitioner in that the time
needed for connecting the archwire to the appliance can be significantly reduced.

However, certain orthodontic patients have teeth that are severely maloccluded. For
example, one tooth along the dental arch may be significantly out of alignment with
neighboring teeth. As another example, one of the teeth may have shifted in a rotative

direction about its long axis to an unsatisfactory orientation. Moreover, one or more teeth
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may be both out of alignment and rotated about their long axes. Such malocclusions are
considered unaesthetic and may adversely affect the normal function of the teeth during
mastication.

The orthodontic appliances described in the above-mentioned PCT applications have
been found advantageous in the treatment of malocclusions. However, in instances of severe
malocclusions as described in the examples above, it may be necessary to bend the portion of
the archwire adjacent the maloccluded tooth to a substantial extent in order to seat the
archwire in the archwire slots. In some cases, this localized bending can greatly increase the
force of the archwire against the latch to such a degree that the latch opens and releases the
archwire. The force exerted by the archwire may be much higher in instances where the local
bend has a relatively small radius or in instances where the archwire is relatively stiff.

As can be appreciated, inadvertent, premature release of the archwire from the
archwire slot of the appliances mentioned above is best avoided if at all possible. If the
archwire is inadvertently released, the patient should return to the orthodontist for reinsertion
of the archwire so that treatment can be resumed. However, inadvertent release may occur
again in the future unless the orthodontist replaces the archwire with an archwire having less
stiffness, or alternatively uses a ligature to help secure the archwire in the archwire slot. In

either case, the advantages of these appliances are compromised.

Summary of the Invention

The present invention is directed toward improvements in orthodontic braces that
comprise appliances having a self-releasing latch. The latch of each appliance releases the
archwire from the archwire slot whenever the archwire exerts a force on the latch that exceeds
a certain value. Advantageously, this certain value (or “release value”) is higher for certain
appliances in comparison to other appliances along the dental arch, so that it is less likely that
the archwire is inadvertently released even in instances of severe malocclusions.

Moreover, the efficiency of an orthodontic treatment program may be enhanced when
certain teeth are subjected to higher levels of force than the force exerted on other teeth. For

example, teeth located in posterior regions of the oral cavity have, in general, larger roots than
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the roots of teeth located in anterior regions. To maintain approximately the same
stress/strain distribution in the periodontal ligament along the dental arch and rate of
movement of the teeth, higher forces will, in general, be needed for the larger posterior teeth
in comparison to the anterior teeth. Consequently, it is beneficial in certain instances to
construct the latch of posterior appliances to provide a higher release value than the release
value of anterior appliances.

Varying the release value from one appliance to another provides other advantages as
well. For example, the practitioner may elect to limit the maximum amount of force exerted
on a tooth by an archwire, as determined by the release value of the latch, so that the
periodontal ligament responds to movement of the root or roots in the most effective manner.
Limiting the release value also serves to limit the amount of pain that might be experienced
by the patient. Additionally, a higher release value may be desired for appliances located next
to orthodontic force modules (such as Class II or Class III correctors) that tend to exert a force
on the archwire.

In more detail, the present invention in one aspect is directed to an orthodontic brace:
that comprises a first set of orthodontic appliances for anterior teeth of a dental arch and a
second set of orthodontic appliances for posterior teeth of the dental arch. At least one
appliance of the first set and at least one appliance of the second set has a base for bonding the
appliance to a tooth, a body extending from the base, an archwire slot extending across the
body in a generally mesial-distal direction and a latch connected to the body for releasably
retaining an archwire in the archwire slot. The latch releases the archwire from the archwire
slot whenever the archwire exerts a force on the latch that exceeds a certain value. The
certain value is greater for at least one appliance of the second set than the certain value of at
least one appliance of the first set.

Another embodiment of the invention is directed to an orthodontic brace comprising a
first set of orthodontic appliances and a second set of orthodontic appliances. The brace
comprises a central appliance for a central tooth, a lateral appliance for a lateral tooth, a
cuspid appliance for a cuspid tooth, a bicuspid appliance for a bicuspid tooth and a second
bicuspid appliance for a second bicuspid tooth. Each appliance has a base, a body extending

from the base, an archwire slot extending across the body in a generally mesial-distal
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direction, and a latch connected to the body for releasably retaining an archwire in the
archwire slot. The latch releases the archwire from the archwire slot whenever the archwire
exerts a force on the latch that exceeds a certain value. The second set includes at least one of
the cuspid appliance, the first bicuspid appliance and a lateral appliance, and the first set
includes the remaining appliances of the brace. The certain value 1s greater for at least one
appliance of the second set than the certain value of at least one appliance of the first set.

The present invention is also directed toward an orthodontic brace comprising a first
set of orthodontic appliances, a second set of orthodontic appliances and an orthodontic
archwire connected to the first and second sets of orthodontic appliances. Each appliance has
a base, a body extending from the base, an archwire slot extending across the body in a
generally mesial-distal direction, and a latch connected to the body for releasably retaining the
archwire in the archwire slot. The latch releases the archwire from the archwire slot
whenever the archwire exerts a force on the latch that exceeds a certain value. The archwire
has a labial side with a concave portion when received in the archwire slots of the appliances.
The second set of appliances includes at least one appliance that is adjacent the concave
portion of the archwire, and the first set of appliances includes the remaining appliances of the
brace. The certain value is greater for at least one appliance of the second set than the certain
value of at least one appliance of the first set.

Further details of the invention are defined in the features of the claims.

Brief Description of the Drawings

Fig. 1 is a front elevational view showing the teeth of an exemplary patient undergoing
orthodontic treatment, wherein orthodontic appliances are affixed to the teeth of the upper and
lower jaw and an archwire that has been connected to the appliances associated with each jaw;

Fig. 2 is an enlarged plan view of the teeth of the lower jaw of the oral cavity
illustrated in Fig. 1, also showing the appliances and the associated archwire;

Fig. 3 is an enlarged front elevational view of one of the appliances depicted in Figs.

1 and 2;

Fig. 4 is a side elevational view of the appliance shown in Fig. 3;
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Fig. 5 is a perspective view of the appliance shown in Figs. 3 and 4;

Fig. 6 is an enlarged perspective view of one component of a latch of the appliance
illustrated in Figs. 3-5;

Fig. 7 is an enlarged side elevational view of the latch component shown in Fig. 6;

Fig. 7ais an enlarged cross-sectional view taken along lines 7a-7a of Fig. 7;

Fig. 7b is a view somewhat similar to Fig. 7a except that another embodiment of the
invention is illustrated;

Fig. 8 is an enlarged plan view of a quadrant of the lower dental arch shown in Fig. 3,
except that the teeth have been re-arranged to show one example of a malocclusion that might
be encountered in a patient undergoing orthodontic treatment;

Fig. 9 is a view somewhat similar to Fig. 8 except showing another type of
malocclusion that might be encountered; and

Fig. 10 is a view somewhat similar to Figs. 8 and 9 except showing yet another

example of a malocclusion that might be encountered during orthodontic treatment.

Detailed Description of the Preferred Embodiments

Fig. 1 illustrates an example of an oral cavity of an orthodontic patient who is
undertaking orthodontic therapy. The patient has a first orthodontic brace 22 that is connected
to the teeth of the upper dental arch 23 and a lower orthodontic brace 24 that is connected to
the teeth of the lower dental arch 25. Each brace 22, 24 includes a set of orthodontic
appliances along with an archwire that is received in slots of the appliances, as will be
described in more detail below.

Fig. 2 is an enlarged view of the lower dental arch 25 along with the lower brace 24,
looking in a downwardly direction toward the outer or occlusal tips of the teeth. The lower
dental arch includes a left quadrant 26 and a right quadrant 28. Each of the quadrants 26, 28
includes a central incisor tooth 30, a lateral incisor tooth 32, a cuspid tooth 34, a lower first
bicuspid tooth 36 and a second bicuspid tooth 38. In addition, each of the quadrants 26, 28

includes a first molar tooth 40 and a second molar tooth 42.
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The illustration of the lower dental arch 25 shown in Fig. 2 is only one example of
dentition, and many variations are possible. For example, the patient may lack one or more of
the illustrated teeth, as may occur in adolescent patients when some of the permanent teeth
have not yet erupted. Alternatively, one or more teeth may have been removed prior to
orthodontic treatment in order to reduce crowding, especially in instances where the overall
size of the dental arch is relatively small. Moreover, the lower dental arch 25 may include
third molar teeth, also known as wisdom teeth, which are not illustrated in the drawing.

The lower brace 24 includes a set of appliances connected to the teeth of the lower
quadrants 26, 28. In particular, the lower brace 24 in each of the lower quadrants 26, 28
includes a central incisor appliance 44 that is coupled to the central incisor tooth 30, a lateral
incisor appliance 46 that is connected to the lateral incisor tooth 32 and a cuspid appliance 48
that is connected to the cuspid tooth 34. The lower brace 24 also includes, along each
quadrant 26, 28, a first bicuspid appliance 50 that is coupled to the first bicuspid tooth 36, a
second bicuspid appliance 52 that is connected to the second bicuspid tooth 38, a first molar
appliance 54 that is connected to the first molar tooth 40 and a second molar appliance 56 that
is connected to the second molar tooth 42.

Optionally, one or more of the appliances described above may be omitted in
accordance with the preference of the orthodontist. For example, if the second molar teeth 56
have not yet fully erupted, the orthodontist may elect to omit the second molar appliances 56,
at least during the early stages of treatment. As another option, the central incisor appliance
44 and the lateral incisor appliance 46 may be identical and instead called “lower anterior
appliances”.

The lower brace 24 also includes an archwire 58 made of a resilient material. Suitable
materials include, for example, metallic materials such as alloys of nitinol and stainless steel.
The archwire 58 has a generally overall “U”-shaped configuration and extends along both of
the quadrants 26, 28.

A representative example of a self-releasing appliance is the appliance 60 shown in
enlarged view in Figs. 3-5. The appliance 60 as depicted is particularly suitable for use with
an upper central tooth, but is generally similar to remaining appliances such as the appliances

44-52.
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The appliance 60 includes a base 62 for bonding the appliance 60 directly to the
enamel of an upper central tooth by use of an adhesive. Preferably, the base 62 has an
outwardly-facing concave compound contour that matches the convex compound contour of
the tooth surface. Optionally, the base 62 may be provided with grooves, particles, recesses,
undercuts, a chemical bond enhancement material or any other material or structure or any
combination of the foregoing that facilitates bonding the appliance 60 directly to the tooth
surface.

A body 64 extends outwardly from the base 42 in a generally buccolabial direction.
The body 64 includes a spaced-apart pair of mesial tiewings 46 and a pair of spaced-apart
distal tiewings 68. An archwire slot 70 extends across the body 64 in a generally mesial-distal
direction and between the space presented by the pair of mesial tiewings 66 and the space
presented between the pair of distal tiewings 68. Optionally, the tiewings 66, 68 may be
omitted.

The body 64 also includes a mesially extending support 71 that is connected to an
outermost mesial flange 72 and a distally extending support 73 that is connected to an
outermost distal flange 74. Each of the flanges 72, 74 has a somewhat semi-circular
configuration in elevational view, although other shapes are also possible. Preferably, the
flanges 72, 74 are integral with the supports 71, 73 respectively although as another option the
flanges 72, 74 may be affixed to the remaining portions of the body 64 after first being
separately manufactured.

The appliance 60 also includes a latch 76 that is connected to the body 64 for
releasably retaining an archwire in the archwire slot 70. In this embodiment, the latch 76
includes a mesial clip 78 and a distal clip 80 although other alternatives are also possible. For
example, the latch 76 could have only a single clip that is optionally located in the space
between the pair of mesial tiewings 66 and the pair of distal tiewings 68.

The distal clip 80 is shown alone in Figs. 6 and 7 and has an overall, generally “C”-
shaped configuration. The distal clip 80 includes a first section 82 and a second section 84
that is opposed to the first section 82. In their normal, relaxed configuration, the first section
82 and the second section 84 extend in generally parallel directions. The first section 82 is

spaced apart from the second section 84 to present a region 86 for receiving an archwire.
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The clip 80 also includes a third section 88 that interconnects the first section 82 and
the second section 84. When assembled to the body 44, the third section 88 extends in a
generally occlusal-gingival direction along the buccolabial surface of the base 62 as can be
appreciated by reference to Fig. 4. The third section 88 extends beyond the first section 82
and the second section 84 in an occlusal-gingival direction and terminates at a rounded,
protruding outermost occlusal corner 90 and a rounded, protruding outermost gingival corner
92.

Preferably, and as shown in Fig. 4, the corners 90, 92 contact the buccolabial side of
the base 62 when the clip 80 is assembled to the body 64. However, a middle portion of the
third section 88 is slightly spaced from the buccolabial side of the base 62. Such construction
ensures that the clip 80 contacts the base 62 at two locations and does not unduly rock about a
mesial-distal reference axis during use.

As illustrated in Figs. 6 and 7, the clip 80 also includes a recess 94 that communicates
with the archwire-receiving region 86. The recess 94 is smaller than the region 86 in
directions parallel to the direction of extension of the third section 88, which in turn is
generally parallel to an occlusal-gingival reference axis. At the entrance to the recess 94, the
first and second sections 82, 84 present a pair of opposed protrusions 96 that extend inwardly
toward each other. The opposite side of the first and second sections 82, 84 also each present
a notch 98 that is opposed to the respective, adjacent protrusion 96.

The clip 80 also has a pair of arm portions 100, 102 that extend inwardly toward each
other. A buccolabial edge of the arm portions 100, 102 is smoothly curved in an arc about a
mesial-distal reference axis. For the arm portion 100, this smooth outer curve extends in a
gingival direction beyond the gingival side of the first section 82. For the arm portion 102,
the smooth outer curve extends in an occlusal direction beyond the occlusal side of the second
section 84.

The clip 80 is shown in its normal, relaxed orientation in Figs. 3-7. However, the arm
portions 100, 102 are movable away from each other in order to admit an archwire into the
archwire-receiving region 86 when desired. To this end, the first and second sections 82, 84
bend in respective arcs away from each other in order to enable the arm portions 100, 102 to

move apart from each other.
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The smooth, outer curve on the buccolabial side of the arm portions 100, 102 enables
the clip 80 to open and admit an archwire into the region 86 by pressing an archwire against
the outer curved edges of the arm portions 100, 102. As pressure is exerted on the curved
edges by the archwire, the first and second sections 82, 84 deflect away from each other in
order to admit the archwire into the region 86. Once the archwire is received in the region 86,
the inherent resiliency of the clip 80, and particularly the resiliency of the first and second
sections 82, 84, enables the arm portions 100, 102 to spring back toward each other and to
their normal, relaxed configuration as shown in the drawings in order to retain the archwire in
the archwire slot 70.

Fig. 7a is a cross-sectional view of the first section 82 of the clip 80. As shown, the
shape of this cross-section is rectangular. The first section 82 has a longitudinal axis
extending generally along a buccolabial-lingual reference axis, and includes occlusal and
gingival walls 83 as well as mesial and distal walls 85. The walls 83, 85 are substantially
perpendicular to each other as is preferred for appliances having a zero angulation. A similar
orientation of walls is present in other regions of the clip 80, including the second and third
sections 84, 88 as well as in the arm portions 100, 102. Although not appreciably shown in
the drawings, the intersections between the walls are rounded.

Fig. 7b is a view somewhat similar to Fig. 7a, but showing a section of a clip 180
according to another embodiment of the invention. The clip 180 has a shape, when viewed in
a mesial or distal direction, that is similar to the shape of the clip 80. However, in this
embodiment, a first section 182 of the clip 180 has occlusal and gingival walls 183 that are
oriented at an angle other than 90 degrees relative to mesial and distal walls 185. A similar
orientation of walls is present at other regions of the clip 180, including in a second and third
section as well as in arm portions of the clip.

The cross-sectional shape of the clip 180 resembles a rhomboid or a parallelogram
having no right angles. Such construction is a particular advantage when used in combination
with appliances known as “angulated” appliances having an archwire slot that extends at a
similar angle relative to mesial and distal sides of tiewings and/or the appliance body. In
these instances, the total area occupied by a clip may remain the same without unduly

decreasing its cross-sectional area or its resultant strength and fatigue life.
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To assemble the clip 80 to remaining components of the appliance 60, the clip 80 is
preferably put in place before the base 62 is affixed to the body 64. During assembly, the clip
80 is moved in a buccolabial direction in the space between the distal flange 74 and the
remaining portions of the body 64 and the arm portions 100, 102 are spread apart a distance
sufficient to enable the support 73 to be received in the region 86. The clip 80 is then moved
further in a buccolabial direction until such time as the support 73 is received in the recess 94.

Next, and after the clip 78 is installed in a similar manner, the base 62 is affixed to the
body 64 by a suitable process such as brazing or welding (including laser welding). Once the
base 62 is affixed to the body 64, the clip 80, and particularly the third section 88, is captured
between the support 73 and the base 62 and is thereafter retained in place. At this time, the
region 86 is aligned with the archwire slot 70 as can be appreciated by comparison of Fig. 3
and Fig. 4.

The clip 80 (including the first and second sections 82, 84) is sufficiently stiff to retain
the archwire in the archwire slot 70 during the course of treatment so long as the forces
exerted by the archwire on the appliance 46 are below a certain minimum value in a generally
buccolabial direction (more particularly, in a direction opposite to the direction of insertion of
the archwire into the archwire slot 70). However, whenever the forces exerted by the
archwire on the appliance 46 in the same direction are greater than the minimum value, as
might occur when unexpectedly high forces are encountered, the first and second sections 82,
84 deflect outwardly and the arm portions 100, 102 move apart from each other to open the
clip 78 and enable the archwire to be released from the archwire slot 70.

Preferably, the minimum value for self-release (i.e., self-opening) of the latch 76 is
substantially less than the force required in the same direction to debond the appliance 60
from the associated tooth. The minimum value for self-release of the latch 76 is preferably
less than about one-half of the force required in the same direction to debond the appliance 60
from the associated tooth. For example, if the expected bond strength of the adhesive bond
between the appliance 60 and the associated tooth is 16 Ibs (7.2 kg) in a buccolabial direction,
the latch 76 is constructed to self-release the archwire whenever the archwire exerts a force in
the same buccolabial direction on the appliance 60 that is somewhat greater than about 8 Ibs

(3.6 kg).
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To determine the force to release the latch 76, a section of archwire is selected having
an area in longitudinally transverse sections that is complemental to (i.e., substantially fills)
the cross-sectional area of the archwire slot 70. Next, a sling is constructed and is connected
to the archwire section at locations closely adjacent, but not in contact with the mesial flange
72 and the distal flange 74. Optionally, the sling is welded or brazed to the archwire section.
Next, the sling is pulled away from the appliance 60 while the appliance 60 is held in a
stationary position, taking care to ensure that the longitudinal axis of the archwire section
does not tip relative to the longitudinal axis of the archwire slot 70. The force to release the
latch 76 may be determined by use of an Instron testing apparatus connected to the sling,
using a crosshead speed of 0.5 in/min (1.3 cm/min). Alternatively, a shaker apparatus (such
as Model 300 from APS Dynamics of Carlsbad, California) may be used along with a force
transducer (such as model 208C01 from PCB of Buffalo, New York) to measure the force.

The self-releasing latch 76 is a benefit to the practitioner, in that the likelihood of
spontaneous debonding of the appliance 60 from the tooth is substantially reduced. For
example, if the practitioner attempts to place a relatively large archwire in the archwire slot 70
and the latch 76 self-releases as soon as the practitioner releases the archwire, the practitioner
can then use an archwire with less stiffness in its place so that the appliance 46 is not detached
from the tooth surface. As another example, if the archwire is initially held in the archwire
slot 76 by the arm portions 100, 102 and the archwire subsequently exerts a larger force on
the appliance 46 (as may occur, for example, when the archwire encounters a hard object such
as when the patient is chewing relatively hard food), the arm portions 100, 102 spread apart to
their slot-open positions to release the archwire so that the appliance 60 does not debond from
the tooth. Treatment can then be resumed by merely re-engaging the archwire in the archwire
slot 70 without the need to rebond the base 62 to the associated tooth.

Preferably, the distance between the opposed ends of the arm portions 100, 102 is less
than the overall occlusal-gingival dimension of the smallest archwire expected to be used
during the course of treatment. The archwire need not fill the archwire slot 70 and flatly
engage the wall portions defining the archwire slot 70 in all instances. For example, a
somewhat smaller wire, and perhaps an archwire having a circular cross-sectional shape, may

be used during a portion of the treatment program. The distance between the opposed ends of
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the arm portions 100, 102 is preferably selected so that a variety of archwires of different
cross-sectional configurations may be used in connection with the appliance 46.

Preferably, the distal clip 80 is identical to the mesial clip 78. Optionally, however, it
is possible to construct the clips 78, 80 somewhat differently to address certain circumstances.
For example, if a malpositioned tooth is initially oriented such that its mesial side is rotated in
a lingual direction, it may be desirable to increase the stiffness of the mesial clip 78 so that a
somewhat greater force is needed to release the archwire from the archwire slot 70 in
comparison to the force needed to release the archwire from the distal clip 80. Other options
are also possible.

Optionally, the spring clips 78, 80 are cut from a flat section of metallic stock
material. Suitable metallic materials include shape memory alloys such as alloys of nitinol
and beta-titanium. The clips 78, 80 may be cut from the stock material using a stamping, die
cutting, chemical etching, EDM (electrical discharge machining), laser cutting or water jet
cutting process. As another option, the clips 78, 80 could be formed and then heat treated to
set their shapes.

As presently preferred, the clips 78, 80 are made from flat annealed superelastic
material (such as nitinol) having a pickled surface. Preferred nitinol materials have a nickel

content of 55.97% by weight and an Ag of 10° + 5°C. The nitinol is cold worked to 37.5%

and has a thickﬁess in the range of about 0.012 in. (0.3 mm) to about 0.016 in. (0.4 mm). The
clips 78, 80 are first cut in a rough cutting EDM process, then cut along their edges for an
additional one or more times using an EDM process in order to smooth the edges.
Alternatively, a laser cutting process or chemical etching process could be used to make the
clips 78, 80. Preferably, the clips 78, 80 are constructed so that the longitudinal direction of
the clip material, or the principal direction of grain flow of the clip material, is substantially
parallel to the direction of extension of the first and second sections 82, 84 (i.e. a generally
buccolabial direction).

Subsequent to the EDM, laser cutting or chemical etching process, the clips 78, 80 are
tumbled in order to further round their edges. An example of a suitable tumbling machine is
model LC-600-2+2 from Richwood Industries. Using a small barrel, and a machine speed of

200 rpm, the clips are tumbled for about 2 hours in 500 cc of water and tumbling media. An
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example of suitable tumbling media is a mixture of 500 cc of ceramic media (shaped ACC,
type M, size 3/16 X 3/8 (4.7 mm X 9.5 mm), 25 cc of white alumina powder no. 40, and 25 cc
of soap powder compound no. 43, all from Richwood Industries. The tumbled clips are then
polished for one-half hour in an ultrasonic screen barrel in a tank of solution. An example of
a suitable solution is 3 liters of deionized water, 3 liters of pickling solution and 0.6 liter of
hydrogen peroxide. A suitable pickling solution is No. TI121 Pickling Solution from Aya
International of Los Angeles, California.

Advantageously, the shape of the clip 78 as shown in Figs. 6 and 7 reduces maximum
strain and stress during opening and closing movements so that the expected useful life of the
clip 78 is increased. Further details regarding this aspect, along with other alternative
constructions of the latch 76 and/or the appliance 60, are described in applicant’s pending
U.S. Patent Application Serial No. 10/287,089, filed November 4, 2002 and entitled
“ORTHODONTIC APPLIANCE WITH FATIGUE-RESISTANT ARCHWIRE
RETAINING LATCH”.

The appliances 44-52 are somewhat similar to the appliance 60, and consequently a
detailed description of the similar features need not be repeated. Preferably, however, certain
other features are modified or adapted to better function with the associated tooth. For
example, the curvature of the base is preferably changed to match the curvature of the
corresponding tooth. Additionally, the overall width of the appliance in the mesial-distal
direction may be increased or decreased in corresponding relationship to the width of the
associated tooth. Furthermore, each appliance is constructed with torque and angulation
values that are appropriate for the corresponding tooth for the proposed treatment plan.

Optionally, the first molar appliance 54 and the second molar appliance 56 are
somewhat similar to the appliances 44-52 described above. As another option, one or both of
the molar appliances 54, 56 is similar to the appliances described in applicant’s pending U.S.
Patent Application Serial No. 10/287,165, filed November 4, 2002 and entitled “MOLAR
APPLIANCE FOR ORTHODONTIC THERAPY”. As yet another option, one or both of the
molar appliances 54, 56 may comprise appliances known as buccal tubes, such as the buccal

tube appliances described in U.S. Patent Nos. 4,820,151 and 4,927,362.

-16 -



10

15

20

25

30

WO 2004/093713 PCT/US2004/003682

The appliances 44, 46, 48 associated with the left and right quadrants 26, 28 comprise
a first set of appliances for the anterior teeth (i.e., central, lateral and cuspid teeth) of the
lower dental arch. The appliances 50, 52 and 54 associated with the lower left and right
quadrants 26, 28 comprise a second set of appliances for the posterior teeth (i.e., bicuspid and
molar teeth) of the lower dental arch. As indicated above, each appliance 44-52 includes a
latch for releasably retaining the archwire 58 in the archwire slot. The latch releases the
archwire from the archwire slot whenever the archwire exerts a force on the latch that exceeds
a certain value, also known as a release value, or “R”. The release value is greater for at least
one appliance of the second set (i.e., the set of appliances for the posterior teeth) than the
release value of at least one appliance of the first set (i.e., the set of appliances for the anterior
teeth).

Additionally, for each quadrant, the release value is greater for at least one of the
cuspid appliance 48, the first bicuspid appliance 50 and the lateral incisor appliance 46 than
the release value of at least one of the central incisor appliance 44 and the second bicuspid
appliance 52. The cuspid teeth 48 are frequently out of alignment with adjacent teeth of the
dental arch. Moreover, the radius of curvature of the archwire 58 is often smaller in regions
adjacent the cuspid tooth 34. As a result, the archwire 58 tends to exert a greater force on the
latch of the appliances 46, 48 and 50 than the remaining appliances of the dental arch.

The release value as described above is preferably greater for at least one of the
appliances adjacent the regions of the archwire 58 where the radius of curvature of the
archwire 58 is relatively small in comparison to other regions of the archwire 58. Such
construction helps to ensure that the archwire 58 does not unintentionally release from the
latches of the associated appliances.

Figs. 8-10 represent three examples of malocclusions that might be encountered
during the course of treatment. In Fig. 8, the lateral incisor tooth 32 is not in alignment with
remaining teeth 30, 34-42 of the lower right quadrant 28. Instead, the lateral incisor tooth 32
is located in a lingual direction (i.e., in a direction toward the patient’s tongue) from its
desired location. As part of treatment, the orthodontist could use the lower brace 24 to bring
the lateral incisor tooth 32 into a position of alignment with remaining teeth, so that the lower

quadrants 26, 28 form a smooth, arch-shaped curve.
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As can be appreciated by reference to Fig. 8, the labial side of the archwire 58
assumes a concave configuration in the vicinity of the lateral incisor appliance 46 when the
latch of the appliance 46 has engaged the archwire 58. This concave configuration presents
relatively sharp bends in the archwire 58, and the inherent resiliency or “restoring force” of
the archwire 58 tends to exert a significant force on the latch of the appliance 46. The
restoring force tends to shift the archwire 58 back to its normally arch-shaped configuration
that resembles a smooth curve matching the desired final shape of the dental arch.

Consequently, the release value for the latch of the appliance 46 in this example is
preferably higher than what might otherwise be desired. For instance, if the lateral incisor
tooth 32 was in alignment with the teeth 30, 34-42, the force exerted by the archwire 58 on
the latch of the appliance 46 would be substantially smaller. However, when the tooth 32 is
out of alignment as shown in Fig. 8, the inherent resiliency of the archwire 58 tends to urge
the archwire 58 against the latch 46 with significant force, and consequently a higher release
value is desired in order to avoid inadvertent release of the archwire 58 from the appliance 46.

In the example of Fig. 9, all of the teeth 30-42 of the lower right quadrant 28 are in
general alignment. However, the second bicuspid tooth 38 has erroneously rotated about its
long axis in a clockwise direction viewing Fig. 9. The long axis is generally perpendicular to
the plane of the paper in Fig. 9. In this example, one of the goals of orthodontic treatment
might be to rotate the second bicuspid tooth 38 about its long axis in a counter-clockwise
direction viewing Fig. 9.

When the archwire 58 is seated in the slots of the appliances 44-56 in the example of
Fig. 9, the archwire 58 assumes a relatively sharp bend adjacent the distal side of the
appliance 52. This relatively sharp bend causes the archwire 58 to exert a substantial force on
the distal clip of the latch of the appliance 52. Consequently, the release value of the distal
clip for the appliance 52 is preferably higher than what might otherwise be desired.

Although the concave bend of the archwire 58 in the example of Fig. 9 is relatively
close to the mesial clip of the appliance 54 and the mesial clip of the appliance 52, the
archwire 58 in those locations does not bear against the latch in the configuration as depicted.
Instead, the archwire 58 bears against the bottom of the archwire slot. As a result, the mesial

clips of the appliances 52, 54 need not be provided with a relatively high release value.
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In Fig. 10, the cuspid tooth 34 is out of alignment with teeth 30-32 and 36-42. The
cuspid tooth 34 is located in a buccolabial direction (i.e., in a direction toward the patient’s
lips or cheeks) relative to its final desired position. In addition, the cuspid tooth 34 has also
rotated about its long axis in a clockwise direction (viewing Fig. 10) relative to its desired
orientation. In this example, one of the goals of orthodontic treatment is to shift the cuspid
tooth 34 in a lingual direction and also about its long axis in a counter clockwise direction.

When the archwire 58 is seated in the slots of the appliances 44-56 as depicted in Fig.
10, the labial side of the archwire 58 assumes a concave configuration in areas adjacent the
appliances located next to the cuspid appliance 48, namely the appliance 46 and the appliance
50. This concave bend tends to exert a substantial force on the adjacent clip (i.e., the mesial
clip) of the latch of the appliance 50, and also on the adjacent clip (i.e., the distal clip) of the
latch of the appliance 46. As a result, a somewhat higher release value is desired for those
clips in comparison to remaining clips of the appliances 44-56.

In the example of Fig. 10, the archwire 58 is also bent to a substantial extent in areas
adjacent the appliance 48. However, the opposite curve of the archwire 58 in this area (i.e.,
the labial side of the archwire 58 is bent in a convex configuration in this area) causes the
archwire 58 to bear against the bottom of the archwire slot and not against the latch of the
appliance 48. As such, the clips of the latch of the appliance 48 need not have a relatively
high release value.

In general, the release value need not be increased in instances where the tooth is
subjected to torque movements (i.e., movement of the tooth by rotation of its long axis in a
buccal-lingual direction) or tipping movement (i.e., movement of the tooth by rotation of its
long axis in a mesial-distal direction). During torquing and tipping movements, the archwire
bears against the sides of the archwire slot and does not typically bear against the latch.
Additionally, when the tooth is subject to lateral movement in a lingual direction, the archwire
tends to bear against the bottom of the slot (i.e., the lingual side of the archwire slot). Also,
during leveling movements in directions along the long axis of the tooth, the archwire bears
against the sides of the archwire slot. In these four instances, a higher release value is
unnecessary. In general, it is preferred not to increase the release value unless necessary

because a higher release value increases the likelihood that the appliance will be
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unintentionally debonded from the tooth. Additionally, a higher release value may impair the
blood flow in the periodontal ligament and reduce tooth movement, or increase the likelihood
of root resorption. However, a higher release value may be desired if a force module (such as
a Class II or Class III corrector) is nearby, or in instances where the tolerances of the
components cannot be tightly controlled.

Table 1 sets out preferred, more preferred and most preferred release values for the
latch of appliances of the upper and lower dental arches. However, these values may vary in
accordance with the malocclusion encountered. Additionally, it may be desired to increase
the following values by a factor of approximately 50 percent in instances where the latch of
the appliances consists of a single clip instead of the latches with two clips illustrated in the

drawings.
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Appliances For Lower Dental Arch

Release Force (“R”) in Kg

Appliance R, Preferred | R, More preferred | R, Most preferred
Central Incisor 1.36 0.68 0.45
Lateral Incisor 1.70 0.85 0.57
Cuspid 2.05 1.02 0.68
First Bicuspid 1.70 0.85 0.57
Second Bicuspid 2.05 1.02 0.68
First Molar 2.39 1.19 0.80
Second Molar 2.39 1.19 0.80
Appliances For Upper Dental Arch
Release Force (“R”) in Kg
Appliance R, Preferred | R, More preferred | R, Most preferred
Central Incisor 1.70 0.85 0.57
Lateral Incisor 1.70 0.85 0.57
Cuspid 2.05 1.02 0.68
First Bicuspid 1.70 0.85 0.57
Second Bicuspid 2.05 1.02 0.68
First Molar 2.39 1.19 0.80
Second Molar 2.39 1.19 0.80

The release value may be altered by one or more of a variety of methods during

construction of the appliances. For example, and in connection with the latch 76 shown in

Figs. 3-7, the overall length of the first section 82 and the second section 84 (i.e., in a

horizontal direction viewing Fig. 7) may be shortened in order to increase the release value.

As another option, the width or thickness of the sections 82, 84 (i.e., in a vertical direction

viewing Fig. 7 or in a direction looking toward the plane of the paper in Fig. 7, respectively)

may be increased in order to increase the release value.
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Other options are also possible. For example, the release value may be increased by
lowering the temperature of heat treatment of the clip 78 (when made of nitinol) and/or by
increasing the amount of cold working carried out on the clip 78. As another option, the
composition of the clip 78 may be changed. If, for example, the clip 78 is made of nitinol, the

activation temperature or “A¢”, may be lowered in order to increase the release value.

Alternatively, a clip made of a stiffer material or made with an increased thickness may be
provided to increase the release value.

The examples described above are intended to exemplify the various aspects and
benefits of the invention. However, those skilled in the art may recognize that a number of
variations and additions to the constructions described above may be made without departing
from the spirit of the invention. Accordingly, the invention should not be deemed limited to
the specific embodiments set out above in detail, but instead only by a fair scope of the claims

that follow along with their equivalents.
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Claims:

1. An orthodontic brace comprising a first set of orthodontic appliances for anterior teeth
of a dental arch and a second set of orthodontic appliances for posterior teeth of the dental
arch,

wherein at least one appliance of the first set and at least one appliance of the second
set has a base for bonding the appliance to a tooth, a body extending from the base, an
archwire slot extending across the body in a generally mesial-distal direction, and a latch
connected to the body for releasably retaining an archwire in the archwire slot, wherein the
latch releases the archwire from the archwire slot whenever the archwire exerts a force on the
latch that exceeds a certain value,

wherein the certain value is greater for at least one appliance of the second set than the

certain value of at least one appliance of the first set.

2. An orthodontic brace comprising a first set of orthodontic appliances and a second set
of orthodontic appliances, the base comprising a central appliance for a central tooth, a lateral
appliance for a lateral tooth, a cuspid appliance for a cuspid tooth, a first bicuspid appliance
for a first bicuspid tooth and a second bicuspid appliance for a second bicuspid tooth,

wherein each appliance has a base, a body extending from the base, an archwire slot
extending across the body in a generally mesial-distal direction, and a latch connected to the
body for releasably retaining an archwire in the archwire slot, wherein the latch releases the
archwire from the archwire slot whenever the archwire exerts a force on the latch that exceeds
a certain value,

wherein the second set includes at least one of the cuspid appliance, the first bicuspid
appliance and the lateral appliance, wherein the first set includes the remaining appliances of
the brace, and wherein the certain value is greater for at least one appliance of the second set

than the certain value of at least one appliance of the first set.
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3. An orthodontic brace comprising a first set of orthodontic appliances, a second set of
orthodontic appliances and an orthodontic archwire connected to the first and second sets of
orthodontic appliances,

wherein each appliance has a base, a body extending from the base, an archwire slot
extending across the body in a generally mesial-distal direction, and a latch connected to the
body for releasably retaining the archwire in the archwire slot, wherein the latch releases the
archwire from the archwire slot whenever the archwire exerts a force on the latch that exceeds
a certain value,

wherein the archwire has a labial side with a concave portion when received in the
archwire slots of the appliances, and

wherein the second set of appliances includes at least one appliance that is adjacent the
concave portion of the archwire, wherein the first set of appliances includes the remaining
appliances of the base, and wherein the certain value is greater for at least one appliance of

the second set than the certain value of at least one appliance of the first set.

4. An orthodontic brace according to any of claims 1-3 wherein the brace includes a
force module, and wherein at least one appliance of the second set is located next to the force

module.

5. An orthodontic brace according to any of claims 1-4 wherein each latch comprises a
mesial clip and a distal clip, each clip having an overall, generally “C”-shaped configuration
and comprising a first section, a second section opposed to the first section and a third section
interconnecting the first section and the second section, each clip also having a first arm
portion connected to the first section remote from the third section and a second arm portion
connected to the second section remote from the third section, and wherein the first section
and the second section of the mesial clip and the distal clip of the at least one appliance of the
second set have a thickness that is greater than the thickness of the first section and the second

section of the at least one appliance of the first set.
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6. An orthodontic brace according to any of claims 1-5 wherein each latch comprises a
mesial clip and a distal clip, each clip having an overall, generally “C”-shaped configuration
and comprising a first section, a second section opposed to the first section and a third section
interconnecting the first section and the second section, each clip also having a first arm
portion connected to the first section remote from the third section and a second arm portion
connected to the second section remote from the third section, and wherein the first section
and the second section of the mesial clip and the distal clip of the at least one appliance of the
second set have a width that is greater than the width of the first section and the second

section of the at least one appliance of the first set.

7. An orthodontic brace according to any of claims 1-6 wherein each latch is made of a
material having a certain composition, and wherein the composition of the latch of at least one
appliance of the second set is different of the composition of the latch of the at least one

appliance of the first set.

8. An orthodontic brace according to any of claims 1-7 wherein each latch is made of a
material subjected to heat treatment, and wherein the heat treatment of the latch of the at least
one appliance of the second set is carried out at a different time and/or temperature than the

heat treatment of the latch of the at least one appliance of the first set.

9. An orthodontic brace according to any of claims 1-8 wherein each latch is made of a
material that has been subjected to cold working, and wherein the cold working of the latch of
the at least one appliance of the second set is carried out for a higher percentage of cold
working than the percentage of the cold working of the latch of the at least one appliance of

the first set.
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