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ABSTRACT

Background and Aim: This study compares a new technique for teeth alignment
to the conventional method. The teeth were aligned using an open-coil spring, i.e.
simultaneous space opening and alignment, on round nickel-titanium (NiTi) archwires. The purpose of this 2-arm parallel trial (1:1 allocation ratio) was to evaluate
the alignment efficiency of conventional and open-coil spring techniques in anterior
crowding treatment.
Materials and Methods: In this clinical trial study, sixty-two non-extraction patients (70 dental arches: 24 upper arches and 46 lower arches) with ≥3mm of Little’s Irregularity Index (LII) were recruited in two groups based on the minimization
method. Blinding was applicable for outcome assessment only. In one group, the
teeth were aligned using an open-coil spring, whereas the alignment in the other
group was done conventionally, (space opening on steel wires followed by alignment with an auxiliary NiTi wire). The alignment duration was the primary outcome
that was investigated for survival analysis and alignment rate ratios, and levels of
crowding were calculated with Cox proportional hazard regression. The pre- and
post-treatment intercanine widths were also recorded as the secondary outcome. The
chi-square and t-test were used to compare other variables between the groups. The
level of statistical significance was set at P<0.05.
Results: There was no significant difference in the alignment duration between
the conventional (185.48±74.82 days) and open-coil (179.19±64.15 days) groups
(P=0.725). No harm was detected using the mentioned methods.
Conclusion: The use of open-coil spring over brackets on NiTi or steel wires does
not seem to affect anterior crowding treatment time.
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Introduction

Tooth Movement

Improving the treatment efficiency is of particular importance in orthodontic treatment. Reduction of treatment duration, providing comfort,
and achieving long-term stability are all based
on treatment mechanics.(1,2) Applying light and
continuous forces will result in controlled tooth
movement within the alveolar bone without any
permanent damage.(3,4)

Although biological factors are primarily beyond our control, an orthodontist can improve
the efficiency of treatment through the choice of
bracket system, type of archwire, and mechanotherapy.(5)
Anterior teeth crowding is often the chief
complaint of orthodontic patients.(6,7)
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In non-extraction cases, alignment of a crowded
dental arch could be achieved by either increasing the arch length or decreasing the mesiodistal
width of teeth through stripping.
Two techniques could be used to improve the
arch length in a fixed orthodontic treatment: first,
crimping a stop on the archwire mesial to the molar tube to keep the archwire in an advanced position relative to anterior bracket slots, and second,
by using active coil springs on an archwire to
create space for crowded teeth. The applied force
from the coil spring should be light with no deformation in the archwire. Both methods would
result in the proclination of the incisors.(8,9)
Open-coil springs apply a bilateral pushing
force and have various applications in orthodontics.(10) In contrast to the conventional alignment
technique, open-coil springs can be used on nickel-titanium (NiTi) archwires from the first steps
of treatment with the simultaneous engagement
of the archwire into the severely misaligned teeth
brackets.(11,12) However, their efficiency compared to the conventional method of alignment
has not been investigated.
This clinical trial aimed to compare the efficiency of the conventional technique in the alignment of anterior crowding versus the open-coil
spring approach. Also, changes in the intercanine
width, as an index of long-term stability, were
evaluated in the two groups.

Materials and Methods

The Ethics Committee of KMU.REC.1394.2
granted ethical approval for this clinical trial.
This was a 2-arm parallel (1:1 allocation ratio)
randomized controlled clinical trial. All the participants were given oral and written explanations, and informed consent was obtained from
all patients and the parents of adolescent patients.
The data are presented according to the CONSORT statement (Figure 1).(13)
Patients were recruited from the department
of orthodontics between October 2016 and June
2017 based on the following inclusion criteria:
age from 11 to 36 years at the start of treatment,
Little’s Irregularity Index ≥3mm, non-extraction
orthodontic treatment plan, fully erupted permanent teeth anterior to the first molars, and healthy
periodontal tissues.(14-17) Patients with any spacing in the anterior segment, missing, impacted or
32 J Res Dentomaxillofac Sci 2020;6(3)

supernumerary teeth anterior to the first molars,
high buccal canines, dilacerated roots, crowding in the posterior teeth, posterior cross-bite,
systemic medical problems, previous active orthodontic treatment, clefts and other craniofacial
anomalies and those who were taking medications that affect bone metabolism were excluded
from the study. The patient was also banned if
any bracket was debonded more than once during
treatment.(14,18,19) The demographic and clinical
characteristics of the patients are shown in Table
1. The two study groups were matched according
to sex, age, malocclusion type, and the amount of
crowding, and no significant difference was noticed (Table 1).
Metal 0.022×0.028” MBT prescription brackets (Sprint series, Forestadent, Germany) were
bonded directly for all patients using light-cured
composite resin (Light Bond, USA). The bands
were cemented on the first molars with glass
ionomer.
In the conventional technique, alignment
archwires of 0.012”, 0.014”, 0.016”, and 0.018”
NiTi (TruFlexTM, OrthoTechnology Inc., USA)
were used sequentially depending on the amount
of crowding based on the clinician’s decision
without engaging the lingually-positioned teeth
until the partial alignment was achieved. Then,
a NiTi open-coil spring (OrthoTechnology Inc.,
USA) was used on a 0.016” or 0.018” stainless
steel archwire (TruForceTM, OrthoTechnology
Inc., USA) to create space, and finally, when
enough space was gained, a 0.012” superelastic
A-NiTi archwire was utilized as an auxiliary wire
to move the misaligned tooth into the arch.(9)
In the open-coil spring approach, a NiTi opencoil spring (0.010” * 0.030”) was used from the
first appointment on 0.012” A-NiTi archwires.
The archwire was engaged on all teeth (even
the lingually-positioned teeth) by elastomeric
or stainless steel ligatures unless severe overlap
of teeth made it impossible. In the latter cases,
the bracket was bonded and engaged as soon as
enough access to the labial surface of the aforementioned teeth was created; the process was
continued with other archwires (0.014”, 0.016”,
0.018” NiTi and 0.016” or 0.018” stainless steel)
until the alignment of teeth was achieved. The
archwire was cut at the distal of molar bands and
was not cinched (Figure 2).
http://www.jrdms.dentaliau.ac.ir
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Figure 1. CONSORT flowchart diagram of the study
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Table 1. Patients’ demographic and clinical characteristics
Total
(n=61)
mean or %
Demographic Characteristics
Age (year)
18.74

SD

Open-coil
spring
(n=32)
mean or %

SD

Conventional
(n=29)
mean or %

SD

6.46

18.38

5.74

19.14

7.26

P-value*

0.649

Sex (%)
Male

24.6

21.9

27.6

Female

75.4

78.1

72.4

Clinical Characteristics
Angle class (%)
I
II
III

57.4
26.2
16.4

62.5
28.1
9.4

51.8
24.1
24.1

0.298

Arch (%)
Upper
Lower

32.8
67.2

37.5
62.5

27.6
72.4

0.410

ATSALD
(mm)
LII (mm)

0.605

4.58

1.22

4.78

1.31

4.36

1.08

0.182

8.65

3.07

9.21

2.92

8.04

3.16

0.138

NS, Not significant; ATSALD, Anterior tooth-size arch-length discrepancy; LII, Little’s Irregularity Index; SD, standard deviation
.P-value for comparison of group means by t-test or differences in proportions by chi-square and Fisher›s exact test*

During the study, no inter-arch elastics, expansion appliances, headgear or any other extraoral or intraoral devices were used. Moreover,
no interproximal reduction was made before the
completion of the alignment phase.(14-17)
Before the orthodontic treatment, the anterior
crowding was measured by Little’s irregularity
index (LII) and anterior tooth-size arch-length
discrepancy (ATSALD).(9,20-22) LII, which is the
sum of the linear horizontal displacement of the
five contact points from the mesial aspect of the
canine to the mesial aspect of the contralateral
canine, was measured using a fine-tip digital caliper. The ATSALD was measured as the difference between the arch length and the sum of the
mesiodistal widths of the six anterior teeth. The
arch length was measured from the distal contact
of the canine to the distal contact of the canine on
the opposite side.
The initial intercanine width (ICW1) was
measured on dental casts using a digital caliper
(precision of 0.01mm). Two orthodontists carried out all the measurements, and the mean was
recorded.The methods to assess the reliability
measurement, the ATSALD and LII measurements, were repeated on 20 randomly selected
dental casts after one month.
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		 The t-test showed no significant difference
between the two measurements (P=0.214).
The bonding date was recorded as the start of
treatment (T1). All patients were followed every
four weeks until the two orthodontists confirmed
the complete correction of anterior teeth crowding (canine to canine) based on the occlusal
photographic images and clinical judgments. If
no rotation or displacement was observed in the
contact points of the anterior teeth and the 0.018”
stainless steel archwire was engaged fully, the
alignment process was considered done, and the
date was recorded as the end of the alignment
phase (T2). The alignment duration (T2-T1) was
recorded for each patient as the primary outcome.
The alignment rate was calculated to evaluate the
efficiency of the two methods. Once the alignment phase was completed, the changes in the
intercanine width (ICW2-ICW1) were measured
as the secondary outcome using digital calipers
(precision of 0.01mm) directly on the dental arch
of the patients.
A sample size of 25 dental arches in each
group was calculated based on power analysis
(power=80%, α=0.05). However, considering the
dropout rate, 35 dental arches were recruited in
each group.
http://www.jrdms.dentaliau.ac.ir
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Patients were randomly allocated to the conventional or open-coil spring groups based on the
minimization (covariate adaptive randomization)
method using the Minim software (Plymouth,
UK).
Blinding of clinician was not possible, but the
statistician was blind to the assigned treatment.
Random allocation was confirmed by the similarities in the demographics of each group
(Table 1).
Statistical analysis
The normality of data was assessed by the
Kolmogorov-Smirnov test. The analysis of variance (ANOVA) was used to study the difference
between the rates of treatment in various types of
malocclusion. The chi-square and t-test were used
to compare other variables between the groups.
The time needed for alignment was investigated
with survival analysis, and alignment rate ratios
for the type of method and crowding were assessed with the Cox proportional hazard regression. The level of statistical significance was set
at P<0.05 with a 95% confidence interval (CI).
All analyses were conducted with SPSS software
(version 22.0, SPSS Inc., Chicago, IL, USA).

Results

Sixty-two patients (70 dental arches) were
randomized in a 1:1 ratio to either open-coil
spring or conventional groups; however, 9 dental arches dropped out during the follow-up sessions (Figure 1). Patient recruitment commenced
in October 2016 and ended in June 2017.In the
open-coil group, 3 arches were excluded from
the study. Two patients were excluded due to
repeated bracket debonding and one patient due
to poor cooperation in regular visits. Finally, 32
dental arches were analyzed in this group.In the
conventional group, 6 arches were excluded from
the study: two due to repeated bracket debonding
and four due to poor cooperation in regular visits. Finally, 29 dental arches were analyzed in this
group.Table 1 shows the demographic and clinical characteristics of the two groups including
age, gender, Angle classification, dental arch (upper or lower), crowding, and LII. No significant
difference was noted in these variables between
the two groups, which guaranteed the random allocation.Among the fifty-four patients (61 dental

http://www.jrdms.dentaliau.ac.ir

arches), whose outcomes were analyzed, there
was no significant difference in the alignment duration between the conventional (185.48±74.82
days) and open-coil (179.19±64.15 days) groups
(P=0.725). Table 2 shows the alignment rate ratios based on the applied approach and various
types of crowding. Generally, according to the
overcrowding (TSALD), the Cox proportional
hazard regression revealed that the open-coil
spring had a 1.49 times higher probability of earlier crowding correction, which was not statistically significant (P=0.150). On the other hand,
based on the LII, the hazard ratio of the open-coil
group was 2.15, which was significant (P=0.011).
Severe crowding cases showed statistical significance with a hazard ratio of 0.30 and 0.20 in the
open-coil and conventional groups, respectively.
Severe LII arches had a significant hazard ratio
of 0.38 in the conventional group (P=0.030). The
open-coil technique showed a significant hazard
ratio in severe LII cases (P=0.021; Table 2).
Figure 3 depicts the Kaplan-Meier survival
curves for the two groups based on the required
alignment time.The changes in the intercanine
width were smaller in the open-coil group, but
the difference was not statistically significant
(P=0.681). The patients’ gender and type of malocclusion did not have any significant impact on
the alignment rate. However, in the open-coil
group, the rate of alignment in the upper arch was
significantly higher than that of the lower arch
(P=0.013).

Figure 2. Using the push-coil spring. Before (A)
and after (B) alignment.
Journal of Research in dental and maxillofacial sciences
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Table 2. Alignment rate ratios obtained from Cox proportional hazards regression
Adjusted hazard
ratio †

95% Confidence
Interval

P-value

Based on TSALD
Conventional
Open-coil

Baseline
1.49

0.87-2.56

0.150

Based on LII
Conventional
Open-coil

Baseline
2.15

1.20-3.87

0.011 *

Open-coil group
Moderate TSALD (≤4mm)
Severe TSALD (>4mm)

Baseline
0.30

0.13-0.68

0.004 *

Conventional group
Moderate TSALD (≤4mm)
Severe TSALD (>4mm)

Baseline
0.20

0.09-0.48

0.000 *

Open-coil group
Moderate LII (≤7mm)
Severe LII (>7mm)

Baseline
0.88

0.37-2.11

0.777

Conventional group
Moderate LII (≤7mm)
Severe LII (>7mm)

Baseline
0.38

0.16-0.91

0.030 *

Moderate TSALD (≤4mm)
Conventional
Open-coil

Baseline
1.99

0.84-4.74

0.120

Severe TSALD (>4mm)
Conventional
Open-coil

Baseline
1.44

0.60-3.42

0.415

Moderate LII (≤7mm)
Conventional
Open-coil

Baseline
0.89

0.32-2.47

0.825

Severe LII (>7mm)
Conventional
Open-coil

Baseline
2.41

1.14-5.09

0.021 *

ATSALD, Anterior tooth-size arch-length discrepancy; LII, Little’s Irregularity Index
.Hazard ratios adjusted for demographic characteristics and Angle class †
.Significant*

Figure 3. Kaplan-Meier survival curves for the two groups based on alignment time. Lack
of separation implies no significant effect on treatment duration
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Discussion

This study is the first clinical trial that compares the alignment efficiency of this particular
open coil spring application on NiTi wires with
the aforementioned conventional method.
NiTi open coil springs and superelastic NiTi
wires generate light and almost constant forces
over a wide range of activation.(9,23-25) The combination of these two elements could be used in the
initial alignment phase of orthodontic treatments
that require space, long-range of action, and constant light forces.(9,23) However, light NiTi wires
will be deformed by the pushing force that NiTi
coil springs exert unless the NiTi coil is activated
slightly.(9)
Therefore, in this study, to decrease the amount
of undesirable wire deformation, especially at the
beginning stages of the alignment, misaligned
teeth were engaged to the archwire from the very
beginning of the alignment phase. This would
cause simultaneous space opening and alleviation
of anterior crowding similar to the application of
crimpable stops on NiTi wires;(9) however, in this
approach, space opening mechanics would be
more localized and would just target the crowded
segment of the arch.
No apparent arch-form distortion, inappropriate tipping, and rotation of non-crowded teeth
were noticed during the alignment phase, which
could be due to the neutralizing moments and
forces of wire engagement to lingualized teeth,
which can almost balance their space opening
counterparts even though this system is indeterminable. The magnitude of these complicated
groups of counterbalancing moments and forces
cannot be predicted precisely. This, in turn, allowed us to activate the open-coil spring on preliminary archwires more than the conventional
approaches with round NiTi wires. Furthermore,
to make the conditions closer to the clinical situations, the wires were changed based on the clinical judgment of the clinician.
This study showed that in the NiTi coil spring
group, using TSALD and LII, alignment was
1.49 and 2.15 times faster than the conventional
method, respectively. Moreover, based on the results obtained by LII, the difference between the
alignment rates in the two groups was statistically
significant. In the present study, the open-coil approach showed better clinical effects when LII
http://www.jrdms.dentaliau.ac.ir

was applied. LII and TSALD represent different
aspects of discrepancy where LII measures the
contact displacement and TSALD is the amount
of space deficiency in the arch. Bypassing the lingual teeth in the conventional method can sometimes cause more contact displacement. However,
in the NiTi coil spring method, ligating all teeth
from the beginning leads to the gradual correction
of LII.
The average time required to complete the
alignment in this newer method is 6.29 days less
than the conventional method with no clinical
significance. However, the patient’s satisfaction
might be higher since teeth appearance is taken
care of and improved from the very beginning,
unlike the conventional approach in which severely displaced teeth usually would be aligned
by piggyback wires after reaching stiff archwires
later in the alignment phase.(9)
In cases in which one or two teeth are positioned out of the ideal arch form, and there is not
enough space, space opening with the conventional approach is usually straightforward, but as
the number of misaligned teeth increases, problems such as wire traveling and soft tissue irritation increase as well.(9) Also, in such conditions,
the probability of specific side effects, such as the
labial movement of non-bypassed teeth increases,
which can cause a gingival recession and bite interferences, although stiff archwires would control unwanted tipping and rotational movements
of the anchored teeth. In this new method, these
problems have been reduced as more teeth are engaged into the archwire from the beginning of the
alignment, and therefore, space-opening forces
are not concentrated on the most protruded teeth.
One can make better sense of the alignment
mechanism when intercanine width and incisors’
inclination are compared before and right after
treatment. As this study was conducted in the
alignment orthodontic treatment phase (the orthodontic treatment was not complete), no cephalometric records were obtained due to ethical
considerations. In the push-coil group, the pa-

tients did not express any additional discomfort probably due to the engagement of the
push coil on the brackets. It is recommended
to compare the attitude and comfort (pain experience) of patients in this method to that of
the conventional method.
Journal of Research in dental and maxillofacial sciences
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It is also suggested to compare treatment duration and arch length and width changes with that
of other techniques, such as self-ligating systems,
which claim to have improved results.
With improved mechanotherapy skills and a better case selection, one could likely achieve better results with this new method in terms of the
alignment rate. Furthermore, this approach could
be used in any case that requires simultaneous
space opening and alignment, especially where
proclination of the incisors is beneficial in the
alignment phase as in Class II division 2 cases
that require growth modification or decompensation for orthognathic surgery.

Conclusion

The results of this study showed that there was
no significant difference in the alignment duration between the two methods. As expected, the
amount of crowding, regardless of the applied
method, has a significant impact on the rate of
teeth alignment.
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