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Labio-lingual root control of lower anterior teeth and canines obtained by

active and passive self-ligating brackets

Paolo M. Cattaneoa; Raaid A. Salihb; Birte Melsenc

ABSTRACT
Objective: To investigate the torque capabilities of passive and active self-ligating (SL) brackets
on mandibular incisors and canines using three-dimensional (3D) imaging analysis.
Materials and Methods: Two types of SL bracket systems were analyzed: a passive and an
active. Both brackets had a 0.022 3 0.028-inch slot size. Treatment protocol and wire sequences
were followed as recommended by the manufacturers. Twenty-six patients were included in the
passive group and 20 were included in the active group; all received pretreatment and
posttreatment cone-beam computed tomography (CBCT) scanning. Based on the CBCT scans,
a customized 3D analysis was developed to assess labiolingual inclination of the roots of
mandibular canines and incisors with respect to the occlusal plane before and after treatment.
Results: Following treatment, a statistically significant labiolingual proclination of the teeth was
seen in both groups. Moreover, in both SL systems the roots exhibited a large variation in
labiolingual inclination between adjacent teeth even after treatment.
Conclusions: A significant proclination was seen for the mandibular front teeth; the claimed third-
order torque control of SL systems could not be demonstrated. Therefore, a considerable play
between the wire and the brackets could be hypothesized, even more in relation to the passive
than the active SL brackets. (Angle Orthod. 2013;83:691–697.)
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INTRODUCTION

Torque is described by Rauch1 as a moment
generated by the torsion (twisting) of a rectangular
wire in the bracket slot, thereby determining the
labiolingual inclination. Initially, a twist was bent into
the wire,2 but Andrews3 proposed that the control of the
individual teeth in all planes of space (ie, first, second,
and third order) should be included in the design of the
bracket, thereby introducing prescription brackets.
However, the definition of an optimal prescription has
varied considerably between authors. In addition to the

prescription, several other factors have an influence on
how well the appliance is able to deliver the planned
buccolingual inclination. The play between bracket and
wire can be calculated knowing the slot and the wire
dimension, yet variation in curvature of the crown,
bracket positioning, and variation in the thickness of
the adhesive will affect the final buccolingual inclina-
tion as well.4–7

The influence of bracket material, dimensional
precision, and wire-slot interaction have been studied
in vitro.8–11 Type of ligation and consistency in ligation
have been assigned importance for the torque
obtained.12–14 On the other hand, the interoperator
variation can be neglected in self-ligating (SL) sys-
tems, due to the modus operandi of the closing
mechanism of SL brackets (SLBs).

In relation to the nonextraction approach, control of
labiolingual inclination of the lower incisors has been
considered of paramount importance for a successful
orthodontic treatment, as lack of control may result in
undesirable flaring.15

Manufacturers of both active and passive SLBs have
indicated the advantage of their solution for better
torque control: while the passive brackets are claimed
to produce a ‘‘lip-bumper effect’’ resulting in a better
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torque control of the lower incisors, the manufacturers
of the active clip claimed that this renders a better
torque control. First and foremost, the size of the final
wire and bracket will determine the wire-to-slot third-
order play responsible for the variation in torque
between adjacent teeth.8,16–20 The 0.019 3 0.025-inch
stainless steel wire frequently recommended is deliv-
ering a theoretical wire-to-slot play of about 10u, but
the play has been shown to be larger due to variation
in the actual size and edges shape of wires as well as
oversized bracket slot.9,21–24

The assessment of incisor inclination is frequently
done based on lateral head films. Due to the inherent
uncertainty caused by the superimposing of all four
incisors on the radiograph, this method is not suitable for
torque quality control.25 On the other hand, the cone-
beam computed tomography (CBCT) scan does allow for
visualization and evaluation of each tooth individually.26

The aim of the present study was to evaluate the in
vivo capability of active and passive SL bracket
systems in delivering the desired labiolingual inclina-
tion of lower incisors and canines in relation to the
occlusal plane.

MATERIALS AND METHODS

This study is part of a randomized controlled trial
project on passive and active SL systems started at
the Orthodontic Department of Aarhus Dental
School.26 Consent to undergo the CBCT radiographic
examinations and to use the material for the present
investigation was obtained from all patients. CBCT
scans were taken following the protocol approved by
the Radiological Department, School of Dentistry,
Aarhus University. Sixty-four patients with full perma-
nent dentition and with Class I, II, and mild Class III
were allocated randomly and symmetrically in two age-
matched parallel groups (mean age 15.5 and
14.4 years, respectively) treated either with:

(1) passive SLBs (Damon 3MX, Standard torque:
incisors 1u, canines 0u; Ormco Corporation,
Orange, Calif) (group 1) or

(2) active SLBs (In-Ovation R, Roth prescription:
incisors +1u, canines 211u; GAC International
Inc, Bohemia, NY) (group 2).

Patients with severe Class III, obvious need for
extraction, periodontal problems, and major skeletal
discrepancies were excluded.

The wire sequence prescribed by the manufacturers
of the two SL systems was followed exactly. All
patients received a CBCT scan (NewTom 3G, QR-
Verona, Italy) before (T0) and after treatment comple-
tion (T1). All CBCT scans were reconstructed with
an isotropic voxel dimension of 0.36-mm. Raw data

obtained from CBCT scanning were exported via the
DICOM format and imported into specific software
(Mimics 13.1, Materialise, Belgium).

The labiolingual inclinations of mandibular canine
and lateral, and central incisors were measured in
relation to the occlusal plane, which was created
modifying the Björk ‘‘occlusal line inferior.’’27 The
occlusal plane was thus defined as the plane passing
through two ‘‘molar points’’ placed at the tip of the
distofacial cusp of the most distal molar in occlusion in
each side and an ‘‘average incisor point’’ created as
the interpolation of the right and left incisal edges of
the lower central incisors. This has been done to
minimize the effect of different labiolingual and
mesiodistal inclination as well as vertical position
between the left and the right incisors.

The following reference points were defined (Figure 1):

N PT: pulp-crown point, placed at the most superior
pulp canal point;

N AP: pulp-apex point, placed at the most caudal point
of the pulp canal; and

N MC: mid-crown point, placed on the facial surface of
the crown, equidistantly located with respect to the
‘‘occlusogingival and mesiodistal direction.’’

Figure 1. The pulp-crown (PT) and the pulp-apex (AP) points: the

most superior and the most caudal point of the pulp canal,

respectively. The mid-crown point (MC): located on the facial surface

of the crown, equidistant both with respect to the occlusogingival and

mesiodistal direction. The long axis of the tooth is defined as the line

passing through PT and AP.
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The long axis of each tooth was then defined as the
line passing through PT and AP. The tooth sagittal
plane was defined as the labiolingual plane passing
through PT, AP, and MC points separating the tooth
into a mesial and a distal part as described by
Andrews.3 The tooth frontal plane of each tooth,
likewise according to Andrews,3 was defined as the
mesial-distal plane passing through the PT and AP
points, perpendicular to the tooth sagittal plane. This
plane separates the tooth into a facial and a lingual
component (Figure 2). The labiolingual inclination of
each tooth was assessed by calculating the angle
between the frontal plane of each tooth and the
occlusal plane.

The changes in lower intercanine width during
treatment were assessed by measuring the distance
between the cusp of the right and left canine at T0 and
T1. One investigator blinded with respect to the SLB
type identified all the necessary points.

Statistical Analysis

Statistical analysis was performed with SPSS
version 13.0 for Windows (SPSS Inc, Chicago, Ill).
The normal distribution of the data was checked using
Q-Q plot and the Kolmogorov-Smirnov test. Differenc-
es between the two groups at baseline with respect to
age, labiolingual inclination of the mandibular canine,
and central and lateral incisors were compared by
independent samples t-test. Within each group, the
changes in labiolingual inclination of the four incisors

and bilateral canines occurring from T0 to T1 were
assessed by paired t-tests. The variation in inclination
within each patient was calculated and compared
between the two bracket types with independent
samples t-test. The significance level was set at .05.

The error of the method was calculated on double
measurements of 10 randomly selected patient CBCT
scans taken at T0 using the Dahlberg formula (s 5

!gd2 / 2n, where d 5 difference between the first and
second measurements).28 The coefficient of reliability
was calculated as CoR 5 1 2 s2 / SD2, where standard
deviation (SD) is calculated at T0.

RESULTS

Enrollment started in December 2004 and was
completed by May 2010. From the original 32 patients
in group 1, three had to be excluded as they
prematurely interrupted the treatment, while three
patients had premolar extraction. In group 2, 12
patients had to be excluded: three of them had
premolar extraction, one had severe slenderizing,
two were reoriented toward surgery, four needed
segmented appliance because of asymmetry, one
dropped out before the end of the treatment, and one
did not show up for the final CBCT scan.

The error of the method was found to be small for all
the angular measurements: 0.62u (CoR 5 0.993)
for canine, 0.78u (CoR 5 0.988) for lateral incisors,
and 0.59u (CoR 5 0.992) for central incisors. As no
differences in inclination were found between the

Figure 2. The tooth sagittal plane (purple) is defined by PT, AP, and MC points. The tooth frontal plane (green) passes through PT and AP points,

and it is perpendicular to the tooth sagittal plane.
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right and left analogous teeth, the right and left
measurements were pooled. All data were normally
distributed.

No statistically significant differences were found
between the groups regarding age and labiolingual
inclination of the lower front dentition at T0. A
pronounced variation in labiolingual inclination among
both canines and incisors within and between individ-
uals in both groups was seen and reflected in the large
standard deviation (Table 1).

When evaluating the changes occurring during
treatment, a decrease in labiolingual inclination in

relation to the occlusal plane (flaring) was detected in
both systems. At T1, in both groups the canines were
proclined the least (3.9u in group 1; 3.2u in group 2)
followed in order by lateral incisors and central incisors
(Figure 3). The change in intercanine width was
2.0 mm (SD 1.6) and 1.6 mm (SD 2.2) for the passive
and active SLB, respectively. In addition, at T1 a
general decrease in the spread was seen for all teeth
apart from the central incisors in group 1, with group 2
exhibiting less intragroup variation (Table 1).

From T0 to T1, the changes in the labiolingual
inclination were statistically significant for all teeth in

Table 1. Baseline (T0) and Treatment Outcome (T1) for the Two Parallel Groupsab

Passive SL System Active SL System Independent t-Test

T0 T1 D(T1–T0)

Paired

Sample

t-Test

(95% CI) T0 T1 D(T1–T0)

Paired

Sample

t-Test

(95% CI)

Damon

T0 vs

In-Ovation

T0

Damon

T1 vs

In-Ovation

T1

Mean SD Mean SD Mean P Value Mean SD Mean SD Mean P Value P Value P Value

Age, y 15.5 6.0 – – – 14.4 3.3 – – – .421 –

Canine

LL

inclination,

degrees 75.5 7.1 71.7 5.7 23.9 .001 74.6 5.4 71.4 4.8 23.2 .001 .729 .873

Lateral

incisor

LL

inclination,

degrees 71.0 6.8 64.1 6.0 26.9 .000 69.8 6.3 62.8 4.4 27.0 .000 .356 .199

Central

incisor

LL

inclination,

degrees 67.7 6.1 61.1 7.1 26.6 .000 66.9 5.5 60.6 4.5 26.3 .000 .432 .758

a The labiolingual (LL) root inclination is measured in relation to the occlusal plane.
b SL indicates self-ligating.

Figure 3. Mean and range values of labiolingual inclination of mandibular incisors and canines with respect to the occlusal plane for the passive

and active SLB groups at T0 and T1.
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both bracket systems, while no statistically significant
difference in inclination was detected between the two
groups (Table 1). A marked variation between the
labiolingual inclinations of the teeth was measured
within each individual patient following treatment with
both passive and active brackets systems. Moreover,
the maximum difference in inclination between the
incisors, despite a reduction in average, increased
during treatment in eight of 26 patients in group 1, and
four of 20 patients in group 2 (Figure 4 a,b).

DISCUSSION

The aim of this study was to evaluate whether the
use of passive or active SLBs would lead to the
desired labiolingual inclination of the mandibular
anterior teeth and canines at the end of treatment.
The inclination was measured as the angle between
the long axis of the mandibular front teeth and the
occlusal plane, as the brackets’ prescription torque is
originally defined in relation to this plane. However, the
present method is somehow different from the method
originally described by Andrews3 who specifically
looked at the angulation of the crown to a line bearing
90u from the occlusal plane. Therefore, the present
results have to be interpreted with this difference in
mind. The rationale behind the use of the tooth long
axis instead of the crown long axis is related to
resolution and artifact problems especially seen at the
crown level, which characterized CBCT images.

The general response of the lower anterior teeth to
the treatment in ‘‘nonextraction’’ patients performed
with both SL systems was an almost true proclination.
This finding is in agreement with that of Pandis et al.29

who stated that alignment with both SL systems and
conventional brackets led to a proclination of the
anterior teeth; it is also in agreement with the
conclusions of Morina et al.13 that only minor differ-
ences exist between the various bracket systems with
respect to their efficiency in torque correction. There-
fore, the present results failed to produce evidence for
the lip-bumper effect as suggested by the manufac-
turer of the passive SLBs.

Both passive and active SLB-based treatments
produced proclination indicating that the uprighting
effect of both bracket systems is somehow missing.
There was no significant difference in torque expres-
sion between passive SLBs and active SLBs, though
the latter had a tendency towards a better torque
control, educed by the smaller intra-arch variation of
teeth inclination seen for the active brackets. Badawi
et al.14 compared the third-order torque moment
delivered by a 0.019 3 0.025-inch stainless steel
arch-wire engaged into active and passive SLBs.
Though their setup is slightly different (ie, it is an in

Figure 4. Trend graphs depicting the maximum difference in

labiolingual inclination between the four incisors for each patient

before (T0) and after treatment (T1) for the passive (a) and the active

SLB group (b).
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vitro study where only one bracket was studied at a
time), their results corroborate the conclusion of the
present study, at least for angles that are clinically
relevant.

At the start of treatment, the crowding for which the
patients were treated was reflected in a significant
intra-arch variation in labiolingual inclination of the
anterior teeth. Following treatment, both groups still
displayed a noticeable divergence in inclination be-
tween the incisors, hence suggesting a pronounced
play between wire and bracket slot, thus confirming
what previously was described in relation to torque
play.30 The difference in labiolingual alignment was
small, and none of the brackets resulted in satisfactory
leveling of the labiolingual inclination, clinically con-
firming an earlier statement by Morina et al.13 This
result might have been influenced by inaccurate
vertical bonding of the brackets and/or by the different
tooth crown morphology,5 thus hindering the expres-
sion of a specific torque prescription. Finally, labiolin-
gual inclination values could not be compared directly
with standard torque prescriptions because in the
present study teeth inclination was measured at the
root level with respect to the occlusal plane, while the
bracket torque prescription is typically reported for the
crown. Indeed, a certain variation in the angulation of
crown, root, and longitudinal axis of a tooth does
exist.17

In both groups, the change in inclination of the
canines was about half that of the incisors. This result
might be related to the fact that the canines are
surrounded by a thicker bony alveolar envelope and
have a longer and thicker root when compared to the
lower incisors. Moreover, the canines are positioned at
the corner of the dental arch, thus the canines are
tipped along both the mesial and buccal direction. The
difference in Damon Optimal arch form and In-Ovation
Sentalloy Accuform medium arch form did not lead to
any difference in canine torque corrections.

CONCLUSIONS

N The relief of mandibular anterior crowding predom-
inantly occurred as a result of buccal tipping,
independent of bracket type.

N Major intra-arch variation in inclination after treat-
ment among the anterior teeth was more pro-
nounced in the case of the passive than the active
bracket.
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