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Objective: Assess the changes in the force system of T-loop springs (TLSs) preactivated by bends and
curvature, when secured in place with a constant strain over time.

Materials and Methods: A total of 120 TLSs with dimensions 6 x 10 mm, produced out of 0.017 x 0.025-inch
TMA, were randomly divided into two groups of 60 TLSs, each according to what preactivation was going to
be used, concentrated bends or gradual curvature. Subgroup 1 was tested immediately and the remaining
subgroups were tested after they were secured at 5-mm activation for different periods of time in an
interbracket distance of 23 mm. Subgroups 2, 3, 4, 5, and 6 were kept activated for 24, 48, and 72 hours, 1 and
2 weeks, respectively. Using a moment transducer coupled to a digital extensometer indicator adapted to a
universal testing machine, the amount of horizontal force, moment, and moment-to-force (MF) ratios were
recorded.

Results: Both groups showed a decrease in force levels over time (P < 0.001 and 0.005 for bend and
curvature preactivation, respectively), but with different behaviors. The group preactivated by bends
showed a reduction in moments over time (P < 0.001), whereas the group preactivated by curvature did
not (P = 0.410). The MF ratio has not changed over time in either group.

Conclusions: The stress-relaxation effect is more evident on group preactivated by bends.

© 2017 World Federation of Orthodontists.

1. Introduction

Orthodontists often use sliding or loop mechanics for space
closure resulting from the extraction sites. Among the loops
normally used, some may be simple, such as the vertical loop [1,2],
or more elaborate, such as the T-loop spring (TLS) [3]. Nowadays,
the TLSs are preferred to be produced from B-Ti wires, which greatly
improves the physical properties of these springs [4,5].

A TLS with normally used sizes (6—7 x 10 mm) cannot produce
moment-to-force (MF) ratios that are high enough to produce
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translation out of their activation moment [1,3]; thus, more
moment is required, which could be produced by gable bends
[6—14] or curvature (residual moment) [6,9,14—18]. These adjust-
ments made before engaging the TLS to the brackets to increase the
MF ratio are called preactivation. Both preactivations, by bends or
by curvature, have specific techniques for standardization, allowing
them to replicate the system of forces desired that were previously
measured [10,18].

Regardless of which preactivation is used, these springs are
attached to the brackets in the patients mouth over a long period
and are subjected to a constant strain. This strain could cause a
permanent deformation (Fig. 1), which has been named stress
relaxation [19—21]. This phenomenon can cause changes in the
original shape of the spring, changing the original preactivation,
thus changing the system of forces planned for tooth movement.
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Fig. 1. TLS engaged to brackets (loaded in an opposite direction to its preactivation).
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Fig. 2. Template developed in the Loop software (dHAL Orthodontic Software, Athens,
Greece) used for the design of the TLS. The software allows the template to be printed
in a 1:1 ratio. Each square measures 1 mm?.

This effect has already been reported in TLSs preactivated by
concentrated bend [7], but there is no evidence that both pre-
activations (bends and curvature) respond the same way to
stress relaxation. Although bends tend to concentrate stress on
specific areas of the wire, causing spacing and unstable
displacement of the crystal structure to be dissipated over time
[719,21], a gradual curvature could distribute these stresses
throughout the entire wire, which could reduce the effect of
stress relaxation.

Thus, the aim of this article was to assess the changes in the
force system of TLSs preactivated by concentrated bends and
curvature, when secured in place with a constant strain over time.

2. Materials and methods

A total of 120 TLSs were bent by one of the authors (SGFRC)
using a “Marcotte” plier (Hu-Friedy dental instruments, Chicago, IL)
out of straight pieces of 0.017 x 0.025-inch B-Ti (TMA; Ormco
Corporation, Glendora, CA) wires, following a custom template
(Fig. 2). The TLSs had dimensions of 6 mm in height and 10 mm of
length and were randomly divided into two groups of 60 TLSs each
according to what preactivation was going to be used, concentrated
bends or gradual curvature (Fig. 3).

To perform the preactivations, the TLSs of the group preactivated
by concentrated bends were didactically marked in six points,
whereas in the TLSs of the group preactivated by gradual curvature
only four points were used (Fig. 4). In both groups, using a Marcotte
plier, the points 1 and 2 were compressed until the horizontal
extension of the TLS showed 90° of angulation between them. At
points 3 and 4, a bend was made until the extremity of the
horizontal extensions could touch slightly the vertical extremities
of the TLS. In the bends preactivation group, at points 5 and 6
(3 mm of the central vertical extensions of the TLS), a bend was
made until the horizontal extensions were permanently deformed
and touching the vertical extremities of the TLS. Already, for the
group preactivated by curvature, the horizontal extensions
continuous to positions 3 and 4 were gradually curved until the
vertical extremities of the TLS remained touching. In both groups,
stresses incorporated by the preactivation were relieved and the
TLSs were placed in a neutral position and an active simulation
performed. After this, the TLSs should be exactly on the template
(Fig. 3). If they are not, they should be readjusted until they fit.

Each group was subdivided into six subgroups according to the
time of evaluation. Subgroup 1 was tested immediately and the
remaining subgroups were tested after they were secured at 5-mm
activation for different periods of time in an interbracket distance
(IBD) of 23 mm, mimicking a clinical situation, on a custom-made
device specifically made for this purpose (Fig. 5). Subgroups 2, 3,
4, 5, and 6 were kept activated for 24, 48, and 72 hours, 1 and
2 weeks, respectively.

A universal testing machine (EMIC, S3o José dos Pinhais,
Brazil), equipped with a load cell of 0.1 kN, was coupled to a

Fig. 3. Templates developed in the Loop software (dHAL Orthodontic Software): (A) For the preactivation of the TLSs by concentrated bends and (B) for the preactivation of the TLSs

by gradual curvature.
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Fig. 4. Preactivation points of the TLSs: (A) For concentrated bend preactivation and (B)
for gradual curvature preactivation.

moment transducer and a digital extensometer indicator
(Transdutec, Sdo Paulo, Brazil) for the tests. The speed used for
the test was 5 mm/min and the digital extensometer’s
excitation and sensitivity was set to 5 V and 0.5 mV/V, respec-
tively. This same setup has been used previously in recent
publications [6,7,22].

For the test, the TLSs were positioned symmetrically in an
IBD of 23 mm, and at this distance (confirmed with a digital
caliper) the device was zeroed. To ensure correct horizontal
activation and centralization of the TLSs, 9 mm were measured
from the center of the loop toward each extremity of the
horizontal extensions, and were marked with a permanent
marker (Fig. 6). Those markings would allow the TLSs to be
correctly positioned.

After a horizontal activation of 5 mm, the horizontal force and
moment developed were recorded for every 0.5 mm of deactiva-
tion; at one extremity of the TLSs, and the MF ratios were
calculated.

2.1. Statistical analysis

SPSS version 16.0 (SPSS Inc., Chicago, IL) statistical analysis
software was used in this study. The Kolmogorov-Smirnov

Fig. 5. Custom-made device to keep the TLSs activated 5 mm.

Vertical extensions ) -
Horizontal extremities

9mMm 5mm 9 mm

Fig. 6. (A) Loop horizontal dimension stops were marked to ensure the correct acti-
vation and TLS centralization. (B) Neutral position of the TLS simulated by the Loop
software. (C) TLS shape simulated by the Loop software when positioned symmetri-
cally in an IBD of 23 mm and activated 5 mm. Colored areas reflect stress distribution
over the wire, going from red, which are high stress areas, to dark blue, which are low
stress areas.

test indicated normal distributions and the Levene test
showed that all variables had similar variances, except the MF
ratios.

The multivariate profile analysis using the procedure for analysis
of repeated measures was used to detect differences of forces,
moments, and MF ratios among the subgroups (G1 to G6) within
each group (concentrated bend and curvature). This analysis
compares the total profile, or deactivation pattern, of a whole group
in relation to time and deactivation, and should not be mistaken by
a comparison of the springs’ behavior in a specific activation. If a
difference was found, Tukey post hoc test was used to identify them
among the subgroups.

Independent t-test was used to identify differences between
the two groups in changes of force, moments, and MF ratios with
time.

3. Results

Both groups showed a decrease in force levels over time. In the
bends preactivation group, subgroup 1 had an overall force in-
tensity greater than the other five subgroups (P < 0.001), which did
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Table 1
General profiles and subgroup differences means for force developed by both groups and subgroups
Group Force
Concentrated bend Curvature Subgroup difference Concentrated bend Curvature P*
Subgroup Mean SD Mean SD Mean SD Mean SD
1 267.6 A 105.2 2284 A 115.1
2 200.7 B 111.5 197.3 AB 112.8 1-2 66.9 42.0 311 32.2 0.047
3 197.8 B 107.8 1914 B 110.3 2-3 29 49.2 5.9 45.6 0.89
4 200.5 B 1111 184.5 B 107.4 3-4 -2.7 38.0 6.9 37.6 0.578
5 186.1 B 104.8 185.9 B 109.7 4-5 14.4 411 -14 45.2 0.425
6 186.2 B 1104 189.9 B 1109 5-6 -0.1 31.1 -4.0 38.6 0.808
P' <0.001 0.005

SD, standard deviation.
* Independent t-test (line intergroup).
 Multivariate profile analysis (column intragroup).

not show differences among them. For the group preactivated by
curvature, the force decreased and was significantly changed only
from the third subgroup on (P = 0.005). Regarding the amount of
horizontal force lost over time, the difference between the
preactivations was significant (P < 0.047) only between times 1 and
2. With that exception, both groups showed similar behavior over
time (Table 1 and Fig. 7).

The group preactivated by bends showed a reduction in
moments over time (P < 0.001), whereas the group preactivated
by curvature did not (P = 0.410). In the group preactivated by
bends, the moments produced in subgroup 1 were higher than
the other five subgroups, which were not different among
them. Similar to what happened with the force levels, the
amount of moment loss over time was significant (P < 0.002)
only between the first and second time periods. From that point
on, both groups showed similar behavior over time (Table 2
and Fig. 8).

The MF ratio has not changed over time in either group, and
no differences were found between the two groups (Table 3 and
Fig. 9).

4. Discussion

Horizontal force decreased in both groups but with different
behaviors. The group preactivated by concentrated bends showed a
decrease in the level of the horizontal force within the first
24 hours, whereas in the group preactivated by curvature, the
reduction was more gradual, being significant only after 48 hours.
This difference can be explained by the preactivation’s behavior in
relation to stress relaxation over time. When concentrated bends
are subjected to a constant strain, they will converge stress to
specific places in the wire, causing dislocations and unstable dis-
placements in the crystalline structure of the alloy, all of which tend
to rearrange themselves over time due to stress relaxation
[7,19—21]. On the other hand, when a gradual curvature is used,
stress is distributed over the entire extent of curvature, diminishing
the effect of stress relaxation. Previous reports have shown that
when the preactivation intensity is increased (without proper
adjustments to the TLS), a greater amount of overlap of the vertical
extensions of the TLS in neutral position can happen, producing a
greater activation and higher horizontal force [1]. Thus, the faster
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Fig. 7. Chart depicting the average forces produced, during deactivation from 5 to 0.5 mm, for the groups and subgroups tested.
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Table 2

General profiles and subgroup differences means for moment developed by both groups and subgroups
Group Moment

Concentrated bend Curvature Subgroup Concentrated bend Curvature P
difference

Subgroup Mean SD Mean SD Mean SD Mean SD
1 1932.6 A 259.2 1941.0 2729
2 1537.9 B 249.9 1919.9 336.8 1-2 394.7 208.4 21.2 251.5 0.002
3 1471.3 B 2393 1922.0 301.9 2-3 66.6 278.7 -2.1 270.2 0.583
4 1616.5 B 250.0 19129 3175 3-4 —145.2 294.5 9.1 2784 0.244
5 1563.1 B 206.7 1840.7 286.0 4-5 52.8 150.8 722 312.7 0.861
6 1636.4 B 236.3 17754 2889 5-6 -72.7 171.2 65.2 164.7 0.083
pi <0.001 0.410

SD, standard deviation.
* Independent t-test (line intergroup).
 Multivariate profile analysis (column intragroup).

and larger relaxation of the preactivation by bends causes a faster
and larger decrease in force (Table 1). A clinically relevant aspect of
these findings is that the curvature preactivation allows a smaller
decrease (38.5 gf) in the total force produced by the TLS (by
subtracting force values from subgroup 1 from 6) caused by the
stress relaxation when compared with the bend preactivation
group (814 gf), producing a more constant force. These force
differences, however, were significant only in the first 24 hours,
becoming similar after that period.

There was a reduction in intensity of the moments produced
over time in the group preactivated by concentrated bends,
whereas the moments in the group preactivated by curvature
remained stable. Stress relaxation also can explain this behavior,
because the lower moments are produced by decreasing the
angulation of the TLS’s horizontal extremities (and vice-versa)
[1,8,23—25]. The differences between groups were quite similar to
the horizontal force, because the relaxation was different in the first
24 hours and then became negligible.

The MF ratio was stable in both groups and insensitive over time.
There could be differences among the subgroups; however, the
power of our analysis was too low (0.29 and 0.47 for concentrated
bends and curvature groups, respectively) to detect any differences.

Clinically, it is suggested that the force system is more stable in
the absence of concentrated bends, which is more susceptible to
relaxation over time. So, recommending that orthodontists activate
these devices by gradual curvatures because it could produce a
more controlled movement than when preactivation by concen-
trated bends is used [6].

5. Conclusions
With regard to the period of observation of this research:

1. Both preactivations tested suffer stress relaxation over time,
modifying the horizontal force. The preactivation by concen-
trated bends showed an abrupt load decrease during the first
24 hours, whereas the preactivation by curvature shows a more
gradual decrease.

2. The curvature preactivation was insensitive to changes in
the moments produced, whereas in the bend preactivation,
the decrease of the moments was abrupt in the first
24 hours.

3. The MF ratio was insensitive to the stress relaxation.
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Fig. 8. Chart depicting the average moments produced, during deactivation from 5 to 0.5 mm, for the groups and subgroups tested.
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Table 3

General profiles and subgroup differences means for MF ratio developed by both groups and subgroups
Group MF ratio

Concentrated bend Curvature Subgroup Concentrated bend Curvature P
difference

Subgroup Mean SD Mean SD Mean SD Mean SD
1 8.3 3.2 12.7 133
2 11.2 18.2 -58 180.1 1-2 -29 35 18.6 57.6 0.271
3 26.7 166.7 17.3 423 2-3 -155 53.1 -23.1 58.4 0.765
4 12.2 34.5 3.7 100.2 3-4 14.5 55.3 13.6 315 0.966
5 14.2 13.7 20.9 61.7 4-5 -1.9 114 -17.2 374 0.243
6 10.2 334 24.8 90.8 5-6 4.2 94 -4.0 372 0.512
P 0.509 0.220

SD, standard deviation.
* Independent t-test (line intergroup).
 Multivariate profile analysis (column intragroup).
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Fig. 9. Chart depicting the average MF ratios produced, during deactivation from 5 to 0.5 mm, for the groups and subgroups tested.
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