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Abstract

Objective: Evaluate the cuspid’s retraction time and tipping effects, after submitting it to
three different orthodontic retraction loops: the “T” loop, the “boot” loop, and the “tear drop”
loop. Methods: It was used the following orthodontic wires: Morelli 0.019 x 0.025-in stainless
steel, 3M Unitek 0.019 x 0.025-in stainless steel and Ormco 0.019 x 0.025-in beta-titanium
(TMA™), The resulting sample from the combination of these variables was submitted to
a test developed on a typodont simulator used specifically for this purpose. Results: As the
closure timing concerns, it was verified that a slower closure and therefore, a smaller releas-
ing force system was achieved by the “T” loop design and by employing the beta-titanium
alloy on its construction. As to the tipping effects generated by the retraction device, the “tear
drop” loop caused greater tipping effects than the other loops evaluated. The “T” loop, on the
other hand, showed itself statistically related to the lowest tipping numerical values. How-
ever, when the 3M Unitek stainless steel wire was used to produce the device, all of the types
of loops evaluated were considered statistically similar. Conclusion: Regardless of the loop
design, the ones built out of beta-titanium alloy kept them statistically related to the lowest
tipping numerical values observed for the retracted dental element.
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INTRODUCTION AND LITERATURE REVIEW
During the orthodontic treatment it is expect-
ed that an optimal force used to promote dental
movement provides a satisfactory result in a rea-
sonable period of time, with minimum damage to
the adjacent structures and minimal discomfort

1017,21,2729 Tt seems to exist a wide

to the patient."
range of force values that produces a maximum
amount of movement of the dental element,?
without undesirable movement of the anchorage
unit.]0,12,13,21

Several devices can be used to obtain dental
movement.>30121822:252728  One can chose be-
tween a sliding mechanics along continuous orth-
odontic arches and frictionless mechanics, where
segmented arches with orthodontic loops can be
used.!®?® However, in both cases, it is not possible
to eliminate the rotational and tipping compo-
nents from teeth, due to the fact that the acces-
sories of the orthodontic device are positioned
some millimeters labial to the tooth axis and a
few millimeters occlusal to the center of resis-
tance of the teeth.!’

Some physical concepts need to be revised so
that one can understand the relationship between
the forces and the dental movement.!*1>2026 Each
object or body has a point where it can be bal-
anced perfectly, which is known as center of grav-
ity of the object. However, the teeth have an ad-
ditional complication. They are surrounded by
periodontal structures that involve the root, but
not the crown. Then, another point has been used:
the center of resistance. It is important to point
out that the position of the center of resistance
varies with the root length and the alveolar bone
height as well.20?° Generally, the tooth can move
in three ways: translation or body movement;
pure rotation movement, where the tooth will ro-
tate around its center of resistance, and combined
translation-rotation movement,'31420.26

The authors defined the moment of force as
the magnitude of force multiplied by the perpen-
dicular distance to the action line of that force
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to the center of resistance of the tooth.!*!52026
If the line of action of an applied force does not
pass through the center of resistance of the den-
tal element, the force will produce some rotation
on that tooth. This rotation potential is called
moment. The orthodontist creates a binary of
forces in the bonded device, which will oppose
to the moment produced by the force acting on
the dental element, so that the forces act directly
on the center of resistance of the tooth.?s The
dental movement is determined by the ratio be-
tween the binary moment (M) used to control
the position of the root and the force (F) used on
the crown to move the tooth. The more heavy
is the force, greater is the moment of the binary
(on the accessory) needed to maintain the de-
sired rotation.? In a M/F ratio of 5:1, an uncon-
trolled tipping occurs; with a M/F ratio of 8:1, a
controlled tipping occurs; in a M/F ratio of 10:1,
translation occurs; in a M/F ratio of 12:1, root
movement occurs.®1320,26.28

Several authors discussed the optimal proper-
ties of devices used for dental movement.?8%17
Among the respective properties are:

1. It should generate appropriate levels of
force, a low load/deflection ratio>'620232 and a
high M/F ratio, in order to reach the desired dental
movement. Gable or antitipping bends can be in-
corporated to the devices in order to increase the
level of moment produced.”®!7242% This reflects
an increase of the M/F ratio; differential moments
can still be generated, changing the positioning of
the devices.3122

2. It should be capable to submit to a reason-
able range of activation/deactivation, liberating
relatively continuous forces and moments.

3. It should be sufficiently small to adapt com-
fortably in the available intra-oral space.

In addition, the properties of the devices can
be changed with modifications in the thickness,
shape, amount of wire used, and rate of activation
according to the modulus of elasticity of the wire
by thermal treatment.!’
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In order to reach these objectives, several de-
vices with different configuration have been in-
troduced in the literature371216182324252830 The
results provided by these different devices can be
linked to relevant factors of the orthodontic treat-
ment, i.e., the time needed for accomplishment
of the dental movement, as well as tipping effect
on the dental element. Another factor to be taken
in consideration is the type of wire used to build
the orthodontic device. There are several types
of wire available in the market,38911,12.1618,19,29,30
which possess different features and mechanical
properties.

The current work aimed to evaluate the re-
traction rate and the degree of tipping suffered

TABLE 1 - Description of the sample groups.

by the moved dental element using three differ-
ent types of orthodontic retraction springs: the
“T” loop, the “L” loop, and the “tear-drop” loop.
For making these springs different materials were
used: two commercially available stainless-steel
wires, and one commercially available beta-tita-
nium wire (TMA™).

MATERIAL AND METHODS

In the present study, three types of loops, the
“T” loop, the “L” loop, and the “tear-drop” loop,
conformed in stainless steel wires (Morelli, Soro-
caba, SP, Brazil and 3M Unitek, Saint Paul, MN,
USA) and one beta-titanium wire (TMA™, Orm-
co, Orange, CA, USA) were evaluated.
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FIGURE 1 - Typodont model used for evalua-
tion: simulation of exodontia of 44 (set-up of
right lower arch).
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FIGURE 2 - Anchorage unit stabilized with gyp-
sum (coated with clear nail varnish).

Stainless Steel Morelli
Stainless Steel Morelli
Stainless Steel Morelli
Beta-titanium (TMA™) Ormco
Beta-titanium (TMA™) Ormco
Beta-titanium (TMA™) Ormco
Stainless Steel 3M Unitek
Stainless Steel 3M Unitek
Stainless Steel 3M Unitek

FIGURE 3 - Metallic teeth with the respective
accessories positioned.
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A partial typodont assembly simulating a right
lower arch was made for the experiment. The cre-
ated model simulated the exodontia of the element
44 (Fig 1). The elements 47, 46 and 45 were fixed
with dental gypsum and represented the posterior
anchorage (Fig 2). Teeth # 47, 46, 45, and 43 re-
ceived Edgewise standard 0.022 x 0.030-in slot
brackets. Element 43 received a vertical segment of
wire, welded orthogonally to the slot to serve as a
reference for reading tipping suffered by this tooth
during the proposed movement (Fig 3).

Three types of loop were conformed to each
wire (all wires were 0.019 x 0.025-in), yielding
nine different evaluation groups (Table 1). To help
in the making of the arch segments with loops, it
was used a chart where was drawn the outline of
the arch segment and a template with the drawing
of the loops (Figs 4 and 5). Fifteen samples were

{_

made for each group (135 arch segments evalu-
ated) (Fig 6).

Then, each of the arch segments was tested,
according to the following sequence:

1. The arch segment was tied to the assembly
with 0.010-in stainless steel ties (Fig 7).

2. This condition was recorded with photo-
graphs (T1). The mannequin was stabilized in
this moment by means of a support with screws.
Then, the distance between the anterior border
of the support to the most anterior portion of the
photo camera lens was standardized: i.e. 12.4 mm,
so that both elements were parallel to each other,
from a upper view (Fig 8). The lens opening was
adjusted to “32” and the shutter speed was “90”.
Two gridlines demarcated in the base of the ar-
ticulator were used to standardize the framing of
the photographs.

FIGURE 4 - Chart used to make the archwires
segments.

y.-‘ﬁ I i

FIGURE 7 - Archwire being fixed to the assembly with steel tie.
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FIGURE 5 - Template used to make the loops.

FIGURE 6 - Sample used in this work (n = 135
archwires).

FIGURE 8 - View of the assembly in place for photographic recording.
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FIGURE 9 - Activation of the loop with a tieback with double tie in the
omega loop. The amount of the activation was controlled with a divider.

3. The spring was activated by means of a
tie-back, promoting the movement of the distal
segment to that direction. The spring was opened
until an opening of 2 mm was achieved, checked
by means of a divider (Figs 9 and 10).

4. The articulator was then immersed in a re-
cipient with warm water (50°C), in order to allow
the deactivation of the spring.

5. Immediately after the immersion, the chro-
nometer was started. The time (in seconds) re-
quired for complete deactivation of the spring was
recorded by visual inspection.

6. The articulator was positioned again in the
support so that a new photo was obtained (T2).

7. It was necessary that the cuspid has as-
sumed repeatedly the same initial position to the
procedure could be considered reproducible for
each one of the arch segments. This was achieved
with a segment of 0.0215 x 0.0275-in ideal arch,
used as a guide for repositioning of the cuspid af-
ter the evaluation of each arch.

8. The assembly was immersed in cold water
to evaluate a new arch.

In order to avoid that possible alteration of the
characteristics of the wax after successive evalua-
tions could interfere in the fidelity of the results,
the evaluation was accomplished in the following
manner: the nine combinations were divided in 3
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FIGURE 10 - Measurement of the amount of activation with divider and
scale: 2 mm of activation.

TABLE 2 - Sequence of evaluation of the devices.

Morelli wire i “Tear-
T L o
loops (new wax) drop
Ormco wire loops “Tear-
(1st change of ‘L " “T"
drop
wax)
3M Unitek wire "
Tear-

loops (2nd drop” 0 e
change of wax) P

groups, separated by the type of wire. The wax
was replaced for each type of wire. In addition,
the arrangement of type of the loop to be evaluat-
ed was changed, according to sequence described
in Table 2.

Having the photographic recordings of the
initial (T1) and the final (T2) conditions of the
assembly, a tracing paper was placed over these
pictures. The long axis of the cuspid was traced,
and the line was extended until contact the grid-
line demarcated in the base of the articulator,
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from which the upper margin was traced. Then,
the angle formed between these two lines was
measured for all arches evaluated, for both the
initial (T1) and the final (T2) conditions. The dif-
ference between these two values could be calcu-
lated, and the angular variation presented by the
cuspid with the closure of the loop was obtained.
Another variant recorded was the time required
for the deactivation of the loop.

The results were recorded in individual forms
for data collection, and ultimately submitted to
statistical analysis using non-parametric compari-
son tests (Kruskal-Wallis). The conditions tested
were the loop design (independent of the type of
wire) for the three groups, the type of wire (inde-
pendent of the loop design) for the three groups,
and finally the interaction between the loop de-
sign and the type of wire for the nine groups.

RESULTS AND DISCUSSION

To help the analysis and discussion of the re-
sults, two issues were addressed, according with
two evaluated variables: the time for closure of
the loop and the degree of tipping suffered by the
tooth. Inside each topic, it was evaluated the ef-
fects of the different types of wires (independent
of the drawing of the loop), the effects of the dif-
ferent loop types (independent of the wire type)
and the effects of the interaction between loop
type and wire type, on the variant in question.
When interaction was verified, post analysis was
performed, to investigate whether the effect oc-
curred due to the loop, to the wire, or both.

Time of closing of the loop

The time observed for closing of the loop was
recorded in seconds. In an attempt to guide the
discussion of this topic on which device exerted a
larger or minor force on the tooth to be moved, it
was taken into account that less time for closing
of the loop is related to a higher force released
by the loop. Conversely, the smaller the force, the
more is the time required for closing of the loop.
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Burstone’ reported that the optimal force for den-
tal movement is that capable to produce a fast
movement with minimal discomfort and damage
to the tissues, using continuous and slight forces.
Hixon et al'® stated that the fast tooth movement
generated when using light forces seems to be a
result of tipping movement that produces great
pressure on the alveolar crest.

All recordings obtained in this work were sub-
jected to statistical analysis. Two segments pre-
sented values for this variable that were character-
ized as outliers from all appraised arch segments.
These values were excluded from the analysis.
(Specimen # 14, Group H; Specimen # 1, Group
F). The analysis was subsequently performed for
the interaction between loop type and wire type
for the variant “time of closing of the loop”. The
interaction was not statistically significant. On the
other hand, the variables wire type and loop type
were significantly different when analyzed inde-
pendently:

Relationship of the loop type with the variant
“time of closing of the loop”

According with the values of Graph 1, it was
observed that the “T” loop took more time to ac-
complish the tooth movement, therefore exerting
a smaller force on the cuspid than the other loops.
In spite of the “L” loop exerted less force than the
“tear-drop” loop, the difference was not statisti-
cally significant.

The good performance of the “T” loop was
previously reported by Burstone and Koenig.®
They stated that this loop uses a great amount of
wire for its construction, especially cervically. This
loop configuration with great amount of wire ar-
ranged horizontally at the cervical, even when is
built with stainless steel wire, yields a significant
decrease of the load/deflection ratio. This was also
observed more recently by Shimizu et al.?* The
authors concluded that the “T” loop is capable to
generate relatively low load/deflexion rates, and
more consistent magnitudes of force during the
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GRAPH 1 - Mean time (in seconds, y-axis) for deactivation of loops with
different drawings (x-axis).

deactivation as a result. Souza et al?® also support-
ed the use of “T” loops by orthodontists; as well as

several authors did previously.3?®

Relationship of the wire type with the variable
“time of closing of the loop”

In 1979, Burstone and Goldberg® introduced
to the market a beta-titanium alloy, considered as
the newest material in the orthodontic profession.

Since then, this alloy became an option for the
orthodontist, with characteristics that surpassed
other alloys, such as: capacity of application of
light forces, continuous deactivation of the force
with time, higher precision in the application of a
force and the capacity of application of larger acti-
vations, associated to an extended “working time”
of the device. In 1980, the importance of this alloy
was advocated due to its great potential in ortho-
dontics.* The main reason is that in an orthodon-
tic device, the maximum elastic flexion increases
with the accumulated force/modulus of elasticity
ratio of the material. Beta-titanium alloys possess
one of the highest values for this ratio (about 1.8
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GRAPH 2 - Mean time (in seconds, y-axis) for deactivation of different
commercially available loops (Morelli and 3M Unitek: stainless steel;
Ormco: beta-titanium; x-axis).

times higher than that of stainless steel), while
maintains good formability.

The importance ascribed to beta-titanium al-
loys by these authors was confirmed in the pres-
ent work. According with the values of Graph 2,
the stainless steel devices accomplished the dental
movement more quickly than beta-titanium al-
loy devices. This was reported earlier by Staggers
and Germane,?® that found that the load/deflex-
ion ratio can be changed by differences in wire
composition. TMA™ loops have low modulus of
elasticity, and a lower load/deflexion ratio than
stainless steel loops. This was also reported ear-
lier by Boshart et al? that found that there was a
change in the rigidity of coil springs with different
compositions. Menghi, Planert and Melsen'® also
compared systems of force liberated by beta-tita-
nium and stainless steel devices, and found a con-
clusion similar to our study: beta-titanium devices
released 40% of the force provided by identical
stainless steel loops. Beta-titanium alloy loops are
preferable in comparison to stainless steel loops
due to their higher activation range and consistent
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liberation of forces.

It could be concluded from our results that
the beta-titanium alloy devices exerted less force
on the cuspid than the others. This is a clinical
information that is extremely important. Man-
hartsberger, Morton and Burstone!® reported
that orthodontic extraction therapy is common
in adult patients. In these cases, where bone loss
is a complication, they suggest the use of beta-
titanium alloys for loops. These alloys reduce the
magnitude of the forces applied to the teeth and
yield a lower load/deflection ratio (allowing the
making of an arch with smaller rigidity). Another
factor to be considered with the use of less rigid
wires, according to the authors, is the potential of
increasing the amount of activation of the loop.
Burstone® stressed out that a beta-titanium alloy
for making loops for closing of spaces is more easy
to handle, allows for a simplification in the draw-
ing of the loop and has a low load/deflection ra-
tio. This means that it can release optimal levels
of force, which are dissipated slowly, with great
amounts of activations. The clinical relevance of
this issue is that with great activations, an error of
1 mm during activation is not as significant as the
same error in a more rigid device.

The lack of statistical relationship between
stainless steel arches remains unclear. Further in-
vestigation is required about the proportions of
alloy’s components in manufacturing process. In
spite of this limitation, beta-titanium alloy arches
exerted less force on the tooth, supporting the find-
ings of Kapila and Sachdeva.!! Also in this work,
commercially available beta-titanium wires, known
as TMA™, presented lower elasticity modulus
than stainless steel and chromium-cobalt wires,
and approximately the double of the presented
by nickel-titanium wires. Therefore, beta-titanium
alloy wires can be deflected without permanent
deformation (about two times) than stainless steel
wires, have higher formability than nickel-titanium
wires, and allow that loops can be incorporated to
the wire. According to the same authors, its only

Dental Press J. Orthod.

60

disadvantage is the high level of friction presented
when it is in contact with the bracket.

However, it is proper to stress out here that
a low load/deflection ratio is not necessarily ad-
vantageous for the dental movement in all stages
of the orthodontic treatment. According to Yang,
Kim and Kim,* low rigidity nickel-titanium wires
are recommended in the early stages of the treat-
ment, beta-titanium wires are recommended in
the intermediary stages due to their moderate ri-
gidity, and high-rigidity arches are more appropri-
ate for the final stages. Therefore, the relevance
of alloys with high load/deflection ratio cannot be
omitted by the results presented by our study, as
showed by the stainless steel wires throughout the
orthodontic therapy.

Degree of tipping of the cuspid

The variation in tipping of the cuspid after its
movement can be attributed to the fact that the
point of application of forces (bracket) is placed
far from the center of resistance of the element in
a cervico-occlusal direction. This generates a mo-
ment in the tooth to be moved, tipping it.

Despite it is not the objective of the present
discussion, it is also convenient to highlight that
the point of application of forces of the evaluated
devices on the tooth is far from its center of resis-
tance in the labial-lingual direction, which is re-
sponsible for the tendency of rotation of the tooth
during the movement.

Hixon et al'® reported the difficulty in elimi-
nating the rotational and tipping components pre-
sented by the element to be retracted, due to the
distance of the center of resistance to the point of
force application. In our work, the control of the
variation in the angulation of the cuspid could be
attributed to the M/F ratio of the devices used. Ac-
cording to Smith and Burstone, the aim is to cre-
ate a binary of forces in the accessory bonded to
the tooth, opposing the moment produced by the
force that acts on the tooth. The type of movement
of a tooth is determined by the ratio between the
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magnitude of the binary (M) and the force (F) ap-
plied on the bracket. Kuhlberg and Priebe'* men-
tioned that a small value in this ratio (about 7/1)
provides a movement of controlled tipping; a ratio
of approximately 10/1 is capable to promote trans-
lation of the tooth. Higher values (about 12/1) can
cause movement of the root apex while the crown
of this element remains stable.

Regarding the issue “degree of tipping of the
cuspid”, the presence of a outlier was verified
(Specimen # 15, Group F). This value was elimi-
nated to not compromise the final result of the
analysis. The analysis revealed that the interaction
between the loop type and the wire type with the
variable “degree of tipping of the cuspid” was sta-
tistically significant. The unfolding of the results
was the following:

Relationship of the loop type with the variable
"degree of tipping of the cuspid”

In function of the post analysis, the loop types
were evaluated for each type of wire, separately,
according to the Graph 3.

Staggers and Germane?® stated that the draw-
ing of the retraction spring influences the load/
deflection ratio. In a general way, according to
the Graph 3, the teardrop loop promoted great-
er tipping of the tooth than the other evaluated
loops. On the other hand, the “T” loops presented,
within each wire type, statistical correlation to the
smallest variation values in angulation presented
by the cuspid after its retraction. The exception
was the third evaluated type of wire that did not
presented statistically significant differences.

The variation in the angulation of the cus-
pid can be attributed to the M/F ratio of the
devices: a higher magnitude force provided by
the teardrop loop yields a low M/F ratio. Then,
one could expect that “T” loops are capable to
yield smaller magnitudes of force and, conse-
quently, provide a higher M/F ratio, tipping less
the tooth to be moved.

Burstone and Koening® suggested that to in-
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crease the M/F ratio of a loop during activa-
tion the length of the loop in an apical direction
should be raised. Another manner is to increase
the amount of wire used in the terminal segment
of the loop, which decreases the load/deflection
ratio. According with the same authors, this can be
achieved by using the “T” loop. However, accord-
ing with our results, even a “T” loop seemed to be
unable to avoid tipping of the cuspid during the
movement. This undesirable effect can be mini-
mized by the incorporation of compensatory folds
in these loops (gable bends), in order to promote
a greater root movement.

Manhartsberger, Morton and Burstone!® re-
ported that introducing angulations in the loop
could increase the M/F ratio of a device.

Staggers and Germane?® showed that, even for
a“T"loop, it is very difficult to get a 10:1 M/F ratio,
required to obtain translation movement, without
making gable bends. The incorporation of this type
of bends was also suggested by Burstone,> Chen,
Markham and Katona,” Faukner et al,® Shimizu et
al,” and Souza et al,”> among others.

It would be interesting, in a next study, to use
a method similar to the present work including
gable bends in the tested loop, for evaluation of
the advantages from these bends.

Relationship of the type of wire with the
variable “degree of tipping of the cuspid”

Investigating the influence of different re-
sources available to the orthodontist for obtain-
ing a device that could yield a suitable M/F ra-
tio, it was aimed to evaluate the influence of the
alloy’s type used for fabricating the loop on the
tipping presented by the cuspid after retraction.
Regarding this topic, due to the unfolding of the
results, the wires of different composition were
evaluated separately for each type of loop, ac-
cording to the Graph 4.

It was observed that, in a general way, the beta-
titanium alloy loops were statistically related, in
all the 3 groups, to the smallest values of variation
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GRAPH 3 - Inclination of the cuspid after retraction (in degrees, y-axis)
for different drawings, according to each type of wire (x-axis).

in angulation presented by the cuspid after retrac-
tion, when compared to the stainless steel loops
evaluated in this study.

In spite of Staggers and Germane?® have af-
firmed that the M/F ratio is not influenced by the
composition of the wire used, it could be expect-
ed that the use of more resilient wires provides
smaller magnitudes of force. According to Shi-
mizu et al,?® devices capable to generate relatively
low load/deflection ratios, provide more consis-
tent magnitudes of force during deactivation as a
result; yielding high moment/force (M/F) ratios,
and ultimately more root movement.

The combination of materials with lower
modulus of elasticity and rigidity, associated to a
loop drawing capable to decrease the load/deflec-
tion ratio of the assembly, can produce devices
that promote a slower closing of the loop after
its activation and a retraction with lighter, biologi-
cally more compatible forces. Thus, smaller mag-
nitudes of force can act in the M/F ratio increasing
its values and, consequently, decreasing tipping ef-
fects generated by the forces of dental movement.
These forces do not act directly on the center of
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GRAPH 4 - Inclination of the cuspid after retraction (in degrees, y-axis)
for different commercially available archwires (Ormco: beta-titanium;
3M Unitek and Morelli: stainless steel), for each loop drawing (x-axis).

resistance of the teeth submitted to the orthodon-
tic treatment.

However, this study showed that even the
combination of a loop drawing capable to pro-
mote a lower load/deflection ratio with more re-
silient wires was unable to isolate tipping effect
suffered by the moved tooth. Nevertheless, it is
likely that additional resources should be used
seeking this objective, such as the incorporation
of bending in these devices.

Another important issue to be considered for
discussion is that the high tipping values recorded
at the end of the retraction procedure maybe are
due to the fact that it has not awaited sufficient
time so that the evaluated devices could release
all its potential of root movement. Staggers and
Germane?® reported that since the M/F ratio in-
creases as the loop is deactivated, the loop should
not be reactivated so frequently. According to the
authors, repeated reactivations do not allow that
the loops reach a sufficiently high M/F ratio to
promote a translation movement of the tooth. It
would of interest that this fact was taken in con-
sideration in the case of further investigation.
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CONCLUSION
According to the results obtained in this

work, it could be concluded that:

Time of closing of the loops

There was no interaction between the type of
wire and loops for this variable. However, when
considered independently, the differences were
significant:

- Loop type: the “T” loop take more time to
deactivate than the others.

- Wire type: the beta-titanium alloy loop takes
more time to deactivate than the others.

Degree of tipping of the cuspid

In this case, it was observed an interaction be-
tween the type of the loop and wire. The post
analysis revealed was accomplished as following:

Loop type

The “teardrop” loops promoted greater den-
tal tipping than the others evaluated. On the
other hand, the “T” loops showed statistical cor-
relation to the smallest tipping values. However,
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when 3M Unitek stainless steel wires were used
to make the loops, the 3 types did not present
statistical difference for this variant.

Wire type

The beta-titanium alloy loops were statisti-
cally correlated to the smallest tipping values
observed for the moved tooth, regardless of the
loop drawing used.

Therefore, the combination of a material with
lower modulus of elasticity and rigidity (beta-ti-
tanium) associated to a loop drawing that uses
greater amount of wire (such as “T” loops) pro-
duces a device that generates a relatively lower
load/deflection ratio. As a consequence, this pro-
vides lighter and consistent force magnitudes
during deactivation, increasing the moment/
force ratio, providing greater root movement.
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