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A comparative study between the effect of reverse curve of Spee archwires

and anterior bite turbos in the treatment of deep overbite cases:

A randomized clinical trial

Ekram M. Al-Zoubia; Kazem S. Al-Nimrib

ABSTRACT
Objectives: To compare deep overbite treatment using 0.016 3 0.022 nickel-titanium lower reverse
curve of Spee archwire (LRCA) or metal anterior bite turbos (ABTs).
Materials and Methods: 48 patients with deep overbite malocclusion were randomly allocated into
two groups. Group I (age ¼ 18.4 6 2.8 years, overbite ¼ 5.8 6 0.6 mm) was treated with LRCA,
while Group II (age¼ 18.2 6 3.1 years, overbite¼ 5.2 6 0.4 mm) was treated with ABTs bonded to
the palatal surface of the upper central incisors. Two cephalograms were taken for each patient, at
post-alignment stage (T1) and post-leveling stage (T2). The primary outcomes were the
anteroposterior and vertical changes of the lower teeth. The secondary outcomes were the effect
on upper incisor inclination and the vertical linear changes of upper teeth, to assess the sagittal and
vertical skeletal changes, and to compare the duration of overbite correction.
Results: 42 of the 48 patients recruited completed the study (21 in each group). At T2, the lower
incisors proclined more in Group I (P � .001). Both lower second molars (P � .001) and lower first
molars (P¼ .001) tipped more distally, while the lower first premolar tipped more mesially, in Group I
(P , .05). All cusps of both lower molars showed more extrusion in Group II (P , .05) except for the
mesial cusp of lower second molars (P ¼ .095). The duration of overbite correction was shorter
using the ABTs by 1.7 months (4.85 6 1.56 and 3.15 6 0.93 months for Group I and Group II,
respectively).
Conclusions: LRCA causes lower incisor proclination with distal tipping of lower molars, while
ABTs result in lower posterior tooth extrusion. (Angle Orthod. 2022;92:36–44.)
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INTRODUCTION

Correction of deep overbite is among the objectives

of orthodontic treatment and is related to stability of the

occlusion.1 Numerous methods have been used to

treat deep overbite malocclusions. These methods

range from removable appliances to fixed appliances

with or without orthognathic surgery.2 Nonsurgical
treatment options involve incisor intrusion,3 incisor
proclination,4 extrusion of the posterior segment,5 or a
combination.

Tweed6 described using a continuous single arch-
wire with a reverse curve of Spee (COS) that engaged
all mandibular teeth to correct deep overbite. This
method was shown to level the COS with a tendency
for mandibular premolar and molar extrusion, and
incisor intrusion.6,7–9 Another method to correct deep
overbite was using a removable or fixed anterior bite
plate to disclude the posterior teeth, allowing their
passive eruption.10

Although the dental effects of each deep overbite
treatment modality was studied previously, no random-
ized controlled trial compared the skeletal and dental
cephalometric changes between nickel-titanium re-
verse curve archwires (RCA) and anterior bite turbos
(ABTs) in two matched groups. The primary purpose of
this study was to compare two methods of deep
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overbite treatment: 0.016 3 0.022-inch nickel-titanium
(NiTi) LRCA and ABTs and their effect on changes in
the inclination of lower incisors and angular and vertical
changes of lower incisors, molars, and premolars. The
secondary outcomes were assessment of sagittal and
vertical skeletal changes, to measure the change in the
inclination of upper incisors and the vertical changes of
upper posterior and anterior teeth, and to compare the
treatment duration between the two treatment modal-
ities.

MATERIALS AND METHODS

Trial Design and any Changes after Trial
Commencement

This single-center study was a two-arm parallel
randomized clinical trial with a 1:1 allocation. The
methods were not changed after trial initiation.

Participants, Eligibility Criteria, and Settings

This trial was conducted at the Postgraduate Dental
Teaching Clinics at Jordan University of Science and
Technology. The study was approved by the Institu-
tional Review Board Committee, King Abdullah Uni-
versity Hospital (#106/118/2018).

Inclusion and Extrusion Criteria

Inclusion criteria were: (1) patients with increased
overbite (more than half of the lower incisors), (2) mild
skeletal discrepancy assessed by patient profile, (3) no
missing or extracted teeth in the lower arch except for
third molars, (4) patients whose treatment plan did not
include extraction of lower teeth and/or any extrusive
mechanics (headgear, functional appliance, expansion
appliance, and intermaxillary elastics). Exclusion crite-
ria were: (1) patients with an overjet where the
placement of anterior bite turbos were not feasible
(.6 mm), (2) partially erupted or unerupted lower
permanent second molars, (3) previous orthodontic
treatment, (4) poor oral hygiene, (5) periodontally
compromised teeth.

Oral and written explanations of the purpose of the
study were given to all subjects who agreed to
participate. Informed consent was signed by the patient
or the parent if the patient was under 18 years of age.

Interventions

The orthodontic treatment was carried out by the
same orthodontist (E. M.) using fixed appliances with
0.022 3 0.028-inch slot brackets (Victory series, Roth
prescription; 3M Unitek, Monrovia, CA, USA). Treat-
ment was started by bonding the upper and lower
arches, except for those patients with increased

overbite and reduced overjet that made lower incisor
bonding not feasible. In those patients, treatment in the
lower arch was postponed until the overjet was
increased.

After the initial alignment stage, the deep overbite
was corrected either using lower 0.016 3 0.022-inch
NiTi RCA (Ormco corporation, Kleen Pak System,
Glendora, Calif) with a cinch back distal to the lower
second permanent molars (Group I) or fixed metal
ABTs (Orthodontic Stop And Bite Guide, Morelli,
Sorocaba, Brazil) bonded to the middle of the palatal
surface of maxillary central incisors (Group II) with
0.016 3 0.022-inch NiTi archwire in the mandibular
arch. The upper archwire was 0.019 3 0.025-inch
rectangular stainless steel. All patients in both groups
were followed up monthly until an average overbite
was achieved (one-third or less of the lower incisor
crown occluded by the upper incisors).

Outcomes (Primary and Secondary)

Lateral cephalograms were taken for all patients
after the alignment stage (T1) and after the leveling
stage (T2) using the same machine (ORTHOPHOS XG
PLUS, Dentsply Sirona Company, Charlotte, NC,
USA). The cephalometric radiographs in JPEG format
were imported to FACAD Orthodontic tracing software
(Version 3.11.2.1616, Ilexis AB Company, Linköping,
Sweden) to perform cephalometric analysis. Calibra-
tion of image actual size was made based on the
measurement of the x-ray system ruler. Landmark
identification was carried out manually on digital
images using a mouse-driven cursor.

All cephalometric tracings were done twice by the
same investigator (E. M.), and FACAD software
calculated the linear and angular measurements. The
mean of the two measurements was used in the
calculations.

Primary Outcomes

Thirty-six hard tissue and dental landmarks were
identified (Figure 1, Table 1), and angular measure-
ments were obtained on each cephalogram (Table 2).
To assess the linear dental changes of the mandibular
and maxillary teeth, a horizontal reference line (HRL)
was determined at T1 (drawn from Sella, 78 below the
SN line) and a perpendicular line to the HRL passing
through Sella formed the vertical reference line (VRL)
(Figure 2).11

To measure the changes in the mandibular dentition,
T1 and T2 lateral cephalometric radiographs were
superimposed on the corpus axis at protuberance
menti (Pm).12 The change of the position of the lower
incisor tip horizontally was determined by drawing
perpendicular lines from the lower incisor tips at T1 and
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T2 to HRL; the linear distance between these two lines

measured at the HRL determined the anterioposterior

change in the position of the lower incisors (Figure 3).

To determine the change in the vertical position of the

Figure 1. Dental and skeletal cephalometric landmarks.

Table 1. Definitions of Dental Cephalometric Landmarks

Dental

Landmarks Definitions

l.s The incisal tip of the most labially positioned maxillary

central incisor

l.sa The root apex of the most labially positioned maxillary

central incisor

CT.U4 The cusp tip of the maxillary first premolar

CT.U5 The cusp tip of the maxillary second premolar

MC.U6 The mesial cusp tip of the maxillary first molar

DC.U6 The distal cusp tip of the maxillary first molar

L.i The incisal tip of the most labially positioned

mandibular incisor

L.ia The root apex of the most labially positioned

mandibular incisor

CT.L4 The cusp tip of the mandibular first premolar

Ra.L4 The root apex of the mandibular first premolar

CT.L5 The cusp tip of the mandibular second premolar

Ra.L5 The root apex of the mandibular second premolar

MC.L6 The mesial cusp tip of the mandibular first molar

DC.L6 The distal cusp tip of the mandibular first molar

MRa.L6 The mesial root apex of the mandibular first molar

MC.L7 The mesial cusp tip of the mandibular second molar

DC.L7 The distal cusp tip of the mandibular second molar

MRa.L7 The mesial root apex of the mandibular second molar

Point I A point on the long axis of the mandibular central

incisor, two-thirds of its length from the incisal edge

Figure 2. Horizontal and vertical reference lines.

Table 2. Definitions of the Angular Cephalometric Measurements

Angular

Measurements Definitions

SNA The angle formed by the intersection of the S-N

line and a line from (N) to (A) point

SNB The angle formed by the intersection of the S-N

line and a line from (N) to (B) point

ANB It is the difference between the SNA and SNB

angles.

Mn-Mx The angle formed by the intersection of

mandibular plane (MP) and maxillary plane (Mx)

FH-Mn The angle formed by the intersection of Frankfurt

horizontal plane (FH), and mandibular plane (Mn)

UI-Mx The angle formed by the intersection of a line from

the (U.It) to (U.Ia) (the long axis of maxillary

central incisor) and maxillary plane (Mx)

LI-C.A The angle formed by the intersection of a line from

the (L.1t) to the (L.Ia) (the long axis of mandibular

central incisor) and the corpus axis (C.A)

L.4-C.A The angle formed by the intersection of a line

from the (CT.L4) to the (Ra.L4) and the corpus

axis (C.A)

L.5-CA The angle formed by the intersection of a line

from the (CT.L5) to the (Ra.L5) and the corpus

axis (C.A)

L6-C.A The angle formed by the intersection of a line

from the (MC.L6) to the (MRa.L6) and corpus

axis (C.A)

L7.-C.A The angle formed by the intersection of a line

from the (MC.L7) to the (MRa.L7) and the

corpus axis (C.A)
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lower posterior teeth and lower incisor edge, perpen-

dicular lines from each cusp tip at T1 and T2 were

drawn to VRL and the linear distance between the two

lines was measured at the VRL to determine the

vertical change of these teeth (Figure 3).

True vertical movement of the lower incisors was

determined by measuring the length of the post-

alignment (T1) incisor, then this length was multiplied

by 0.66 to determine the position of Point I along the

long axis of the tooth, two-thirds of its length from the

incisal edge.13 This measurement was then carried out

using a transfer line with the same length on the T1

lateral cephalogram and the point was then relocated

on the T2 lateral cephalogram. Then the perpendicular

lines from these points were drawn to the VRL and the

linear distance between the two lines was measured at

the VRL to determine the true lower incisor vertical

change (Figure 3).

Secondary Outcomes

For the maxillary dental changes, T1 and T2 lateral

cephalograms were superimposed according to the

Bolton template of maxillary superimposition by using

the anterior palatal contour.14 Similar methods as were

used to determine changes in the lower arch were

applied to determine the change of the vertical and

horizontal position of the upper incisor tip and to

determine the change in the vertical position of the
upper first molar and premolars (Figure 4).

The anterior lower facial height ratio (LFH) was
measured as the distance between the anterior nasal
spine and menton, divided by the distance between
nasion and menton.15

Sample Size Calculation

Sample size calculation was done using G*power
version 3.1.9.4.16 Assuming an effect size (0.8) based
on the studies of Alqabandi et al.17 and Akarsu and
Ciger18 (mean lower incisor proclination using RCA and
ABTs were 6.1 þ 3.85 and 5.3 þ 5.32, respectively)
showed that a total sample size of 42 subjects with a
conventional alpha level (0.05) and desired power (1 –
b) of 0.80 should be recruited for the study. Six patients
were added to compensate for dropouts (attrition rate:
15%).

Randomization

Participants were randomly allocated into two
groups. A randomization sequence was created using
Excel 2010 (Microsoft, Redmond, WA, USA) with a 1:1
allocation using a random block size of 4. The
allocation sequence was concealed from the investi-
gator (E. M.) responsible for assigning participants into
the intervention groups in sequentially numbered,
opaque, and sealed envelopes. Each patient was

Figure 3. Changes in horizontal and vertical positions of the

mandibular teeth.

Figure 4. Changes in horizontal and vertical positions of the maxillary

teeth.
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asked to pick a sealed envelope to assign the method

of intervention.

Blinding

Blinding was not possible during the clinical inter-

vention. Blinding of the investigator was implemented

at the data measurement stage by coding all lateral

cephalometric radiographs. The LRCA and ABTs were

removed before taking the x-rays.

Statistical Analysis

Descriptive and analytic statistics were obtained

using Statistical Package for the Social Sciences

(SPSS) software, version 25.0 (Chicago, IL, USA).

The significance level was P , .05.

The Shapiro-Wilk test revealed a normal distribution

of data. Descriptive statistics were calculated for the

two groups. T-test was used to compare the two

groups for age and post-alignment mean overbite and

overjet, while the chi-square test was used to compare

gender and classification of malocclusion.

Paired t-test and one-sample t-test were used to

determine the significance of the treatment changes

within each group. Independent t-tests were used to

determine differences in the cephalometric measure-

ments between the two groups.

For method error, 10 random lateral cephalograms

were retraced, analyzed, and superimposed a month

after the original measurements. The intra-examiner

error was assessed using the intraclass correlation

coefficient.

RESULTS

Participant Flow

A total of 48 patients were recruited in the study from

March to October 2018, with final data collection

completed in December 2019. Six patients were

excluded (Figure 5).

Baseline Data

The two groups were matched in age, gender,

malocclusion classification, post-alignment means of

overbite and overjet, and the Mn-Mx plane angle.

(Table 3).

Primary Outcomes

There was more positive vertical movement of the

cusps of both lower molars in Group II (ABTs) (P ,

.05), except for the mesial cusp of lower second molars

(P ¼ .095) and more negative vertical movement of

lower incisors in Group I (LRCA) (P ¼ .014).

In Group I, there was more distal tipping of the lower

molars and more mesial tipping of the lower first

premolar (P , .05). Lower incisor proclination was also

greater in Group I (P � .001; Tables 4 and 5).

Figure 5. CONSORT flow chart.

Table 3. Baseline Characteristics of the Subjectsa

Group I Group II P Value

Gender .74

Male n (%) 9 (42.8%) 8 (38.1%)

Female n (%) 12 (57.1%) 13 (61.9%)

Age mean 6 SD (mm) 18.4 6 2.8 18.2 6 3.1 .98

Post-alignment overbite, mean 6 SD (mm) 5.8 6 0.6 5.2 6 0.4 .40

Post-alignment overjet, mean 6 SD (mm) 4.8 6 0.9 4.5 6 0.7 .32

Mx-Mn plane angle, mean 6 SD (8) 25.4 6 6.9 22.5 6 5.5 .15

Class. of malocclusion, Class 1 n(%) 12 (57.1%) 10 (47.6%) .18

Class 2 div. I n (%) 5 (23.8%) 2 (9.5%)

Class 2 div. II n (%) 4 (19.0%) 9 (42.8%)

a Class., classification; div., division; Mx-Mn, maxillary-mandibular plane angle; SD, standard deviation.
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Secondary Outcomes

The upper central incisors showed more proclina-
tion, horizontal (advancement) and vertical (intrusion)

movements in Group II (P ¼ .001, P , .001, and P ¼
.05, respectively). There was no significant difference
between the two groups regarding the vertical move-
ment of the upper posterior teeth (Table 6). Comparing

the skeletal changes, only the LFH ratio increased
significantly more in Group II (P¼ .002) (Table 7). The
duration of leveling was significantly shorter (by 1.7

months) in Group II (Table 8).

Method Error

The intraclass correlation coefficients ranged from
0.927 to 0.992, indicating reproducible measurements

and reliable data.

DISCUSSION

For a reliable comparison of treatment changes,
basic demographic characteristics such as age,

gender, post-alignment overbite, overjet, classification
of the malocclusion, and Mn-Mx plane angle were
evaluated to examine the compatibility of the two

groups. This reduced any possible confounding effects

of those factors.

The initial lateral cephalometric radiographs were

taken only after the alignment stage to reduce the risk of

exposure of participants to ionizing radiation. Previous

studies concluded that, for most patients, the clinical

examination supplemented with study models and

photographs provided adequate information for ortho-

dontic treatment planning, and cephalometric radio-

graphs did not make a significant difference to the

treatment decisions.19,20 The need for pretreatment

cephalometric images in this study was minimized by

restricting the sample to cases with Class I or mild Class

II malocclusions. Although during the alignment stage,

the overbite is usually reduced due to incisor proclina-

tion, this was not evaluated, as it was not one of the

study aims. Taking the lateral cephalograms after the

completion of alignment eliminated any changes that

could have occurred at this stage and made studying

the effects of leveling more accurate.

Only one RCA was used to correct the deep overbite

because the aim was to study the effect of 0.016 3

0.022-in NiTi archwire. Additionally, using stainless

steel RCA would have added another variable (the

Table 4. Means, Standard Deviations, Mean Differences Between Group I and Group II for Cephalometric Linear Measurements of Lower Teeth

That Had Occurred Between T1 and T2a

Variable

Group I,

Mean 6 SD (mm)

Group II,

Mean 6 SD (mm) Mean Diff. (mm)

Std. Error

Mean (mm)

95% CI of the

Diff. (mm) P Value

MC L.7-V 0.72 6 0.68 1.05 6 0.54 �0.33 0.19 �0.73 to 0.06 .095

DC L.7-V �0.83 6 0.69 0.86 6 0.61 �1.69 0.20 �2.11 to �1.27 �.001

MC L.6-V 0.90 6 0.46 1.29 6 0.46 �0.39 0.14 �0.68 to �0.09 .011

DC L.6-V 0.11 6 0.81 1.15 6 0.47 �1.04 0.21 �1.46 to �0.61 �.001

CT L.5-V 1.02 6 0.48 1.22 6 0.52 �0.20 0.16 �0.53 to 0.11 .219

CT L.4-V 0.96 6 0.41 1.06 6 0.31 �0.10 0.11 �0.33 to 0.13 .386

LCI-V �1.94 6 0.90 �1.25 6 0.80 �0.69 0.26 �1.24 to �0.14 .014

LCI-H 0.77 6 0.64 0.86 6 0.41 �0.08 0.17 �0.43 to 0.26 .623

Point I �1.01 6 0.80 �0.28 6 0.50 �0.73 0.21 �1.15 to �0.30 .001

O.B Ch 4.07 6 0.69 3.87 6 0.72 0.20 0.22 �0.25 to �0.65 .378

a CI indicates confidence interval; CT L.4-V, vertical change in the cusp tip of the lower first premolar; CT L.5-V, vertical change in the cusp tip
of the lower second premolar; DC L.6-V, vertical change in the distal cusp of the lower first molar; DC L.7-V, vertical change in the distal cusp of
the lower second molar; Diff., difference; LCI-H, horizontal change in the lower incisor position; LCI-V, vertical change in the lower incisor position;
MC L.6-V, vertical change in the mesial cusp of the lower first molar; MC L.7-V, vertical change in the mesial cusp of the lower second molar; O.B
Ch, change of the overbite; Point I, vertical change of the point I; SD, standard deviation; Std., standard.

Table 5. Means, Standard Deviations, Mean Differences Between Group I and Group II for Cephalometric Angular Measurements of Lower

Teeth That Had Occurred Between T1 and T2a

Variable

Group I,

Mean 6 SD (8)

Group II,

Mean 6 SD (8) Mean Diff. (8)

Std. Error

Mean (8)

95% CI of the

Diff. (8) P Value

L7-C.A �7.92 6 4.56 0.71 6 3.28 �8.64 1.25 �11.18 to �6.09 �.001

L6-C.A �2.97 6 3.21 0.88 6 4.54 �3.85 1.24 �6.37 to �1.33 .002

L5-C.A �0.32 6 2.83 1.18 6 2.90 �1.50 0.91 �3.33 to 0.33 .107

L4-C.A 3.03 6 2.61 1.05 6 1.77 1.98 0.71 0.55 to 3.41 .008

LI-C.A 5.74 6 2.56 2.82 6 1.80 2.92 0.70 1.50 to 4.33 �.001

a CI indicates confidence interval; Diff., difference; L4-C.A, lower first premolar angle to corpus axis; L5-C.A, lower second premolar angle to
corpus axis; L6-C.A, lower first molar angle to corpus axis; L7-C.A, lower second molar angle to corpus axis; LI-C.A, lower central incisor angle to
corpus axis; SD, standard deviation; Std., standard.
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amount of reverse curve) as preformed stainless steel

RCAs were not available.

Primary Outcomes

Deep overbite correction using RCA led to incisor

proclination. This was in agreement with previous

studies,3,6,7,17 which confirmed that, when using reverse

curve archwires to open the bite, the incisors became

more proclined.

There were variations in the average proclination of

lower incisors that were reported in other previous

studies.3,6,7,9,17 This might have been due to the use of

different archwire dimensions, the use of the mandib-

ular plane as a reference line, and that previous

studies reported the overall changes in lower incisor

inclination rather than the effect of arch leveling alone.

Evaluation of the data obtained from the change in

lower incisor inclination to the corpus axis after

correction of the deep overbite using ABTs revealed

a statistically significant increase in inclination by an

average of 2.288. This was in agreement with Lindauer

et al.21 and Akarsu and Ciger,18 who found that there

was an average proclination of the lower incisor by a

mean of 5.58 and 38, respectively, when an anterior bite

plate was used to correct overbite.

As a consequence of the proclination, the lower

incisor incisal edge moved apically and horizontally in

both groups. Since the lower central incisor proclined
more in Group I, the incisal edge also moved more
apically and horizontally. To determine if there was true
intrusive movement that occurred during the treatment,
the vertical change of the point I was measured. More
true intrusion was observed in cases treated with
LRCA than cases treated with ABTs (1 mm vs 0.28
mm, respectively); this difference was statistically
significant but clinically was not a significant change.

The exact vertical movement of each cusp tip of the
lower posterior teeth was determined. As the distal
cusp of the lower second molar was intruded in Group I
and extruded in Group II, there was an average of 1.69
mm difference between the two groups (P ¼ �.001).
The mesial and the distal cusps of the lower first molar
was extruded more in Group II than Group I by a mean
difference of 0.39 mm and 1.04 mm, respectively (P ,

.05). There was no significant difference in the
extrusive movement of the mesial cusp of the lower
second molar, or of the lower second and first
premolars between the two groups (P . .05).

Similar to the current study results, Mitchell and
Stewart4 reported that, in cases treated with reverse
curve archwires, when the lower second molar was
banded, it intruded on average by 0.7 mm, while the first
molar was extruded up to 0.8 mm. Also, in that study,
there was extrusion of the lower second premolar by 1.1
mm on average, and of the lower first premolar by 0.6 mm.

Table 6. Means, Standard Deviations, Mean Differences Between Group I and Group II for Cephalometric Angular and Linear Measurements of

Upper Teeth That Had Occurred Between T1 and T2a

Variable

Group I,

Mean 6 SD

Group II,

Mean 6 SD Mean Diff. Std. Error Mean 95% CI of the Diff. P Value

UI-Mx (8) 0.37 6 0.58 1.47 6 1.22 �1.09 0.30 �1.71 to �0.47 .001

UCI-V (mm) 0.02 6 0.07 �0.43 6 0.63 0.43 0.14 0.16 to 0.74 .005

UCI-H (mm) 0.07 6 0.16 0.63 6 0.38 �0.53 0.08 �0.74 to �0.37 �.001

MC U.6-V (mm) 0.04 6 0.05 0.08 6 0.07 �0.04 0.02 �0.08 to �0.01 .055

DC U.6-V (mm) 0.05 6 0.05 0.08 6 0.07 �0.01 0.02 �0.07 to 0.01 .700

CT U.5-V (mm) 0.04 6 0.05 0.08 6 0.07 �0.04 0.02 �0.07 to 0.01 .117

CT U.4-V (mm) 0.07 6 0.06 0.07 6 0.08 �0.01 0.02 �0.04 to 0.04 .879

a CI indicates confidence interval; CT U.4-V, vertical change in the cusp tip of the upper first premolar; CT U.5-V, vertical change in the cusp tip
of the upper second premolar; DC U.6-V, vertical change in the distal cusp of the upper first molar; Diff., difference; MC U.6-V, vertical change in
the mesial cusp of the upper first molar; SD, standard deviation; Std., standard; U.C.I-H, horizontal change in the upper incisor position; U.C.I-V,
vertical change in the upper incisor position; UI-Mx, upper central incisor angle to the maxillary plane.

Table 7. Means, Standard Deviations, Mean Differences Between Group I and Group II for Cephalometric Skeletal Measurements That Had

Occurred Between T1 and T2a

Variable

Group I,

Mean 6 SD

Group II,

Mean 6 SD Mean Diff. Std. Error Mean 95% CI of the Diff. P Value

SNA (8) �0.11 6 1.49 0.18 6 0.70 �0.28 0.19 �0.67 to 0.10 .256

SNB (8) 0.18 6 1.11 0.20 6 0.57 �0.02 0.28 �0.58 to 0.54 .456

ANB (8) �0.23 6 0.91 �0.04 6 0.63 �0.19 0.24 �0.69 to 0.31 .438

Mx-Mn (8) 0.22 6 0.59 0.69 6 0.89 �0.47 0.24 �0.96 to 0.01 .067

FH-Mn (8) 0.15 6 0.47 0.42 6 0.49 �0.27 0.15 �0.57 to �0.03 .085

LFH (%) �0.09 6 0.54 0.41 6 0.42 �0.51 0.15 �0.82 to �0.19 .002

a CI indicates confidence interval; Diff., difference; FH-Mn indicates Frankfort mandibular plane angle; LFH, lower facial height; Mx-Mn,
maxillary-mandibular plane angle; SD, standard deviation; Std., standard.
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Secondary Outcomes

The two cephalograms at T1 and T2 were superim-
posed on the maxillary vault to observe any changes
that would happen in the upper arch especially when
ABTs were used. In both groups, the mean vertical
changes of the upper posterior teeth showed no
significant difference between the two groups except
for the change of the upper central incisor, in which
there was more proclination, vertical and horizontal
movement of the incisal edge in Group II compared to
Group I after leveling (P � .05).

Lindauer et al.21 reported in their study that the
acrylic anterior bite plate caused a mean increase of
6.68 in axial inclination of the upper incisors to the
Sella-Nasion plane. That was a greater effect than in
the current study, but the incisal edge moved apically
by 0.4 mm, which was the same amount as in the
current study. The reason that Lindauer et al.21

reported more upper incisor proclination might have
been because the anterior acrylic bite plate covered
more palatal surface area and, thus, may have
produced more forward tipping force.

Regarding skeletal changes, only the LFH ratio
showed a significant increase (P ¼ .002) in Group II
compared to Group I, but the actual difference was
very small, an average of 0.15%. This may be
explained as having been due to more extrusive
movement of the lower posterior teeth in Group II.

In Group II, the duration needed to open the overbite
was faster by 1.7 months compared to the time required
in Group I (4.85 months for Group I and 3.15 months for
Group II). The difference was statistically significant.
However, since the duration of the overall orthodontic
treatment is usually 24 to 30 months, the clinical
significance of this reduction is questionable.

Limitations
1. Blinding could not be implemented during the

intervention.
2. Only one dimension and type of reverse curve

archwire was used.

Generalizability

The results were limited to deep overbite cases
treated using one reverse curve archwire type and
dimension (0.016 3 0.022-inch NiTi).

CONCLUSIONS

� Both 0.016 3 0.022 NiTi LRCA and ABTs were
effective in deep overbite correction.

� Lower incisors in cases treated with 0.016 3 0.022
NiTi RCA demonstrated more proclination than
cases treated with ABTs.

� 1 mm of absolute intrusion of the lower incisor was
noted in cases treated with 0.016 3 0.022 NiTi RCA
compared to 0.28 mm in cases treated with ABTs.

� Lower first and second molars showed significant
distal tipping when the overbite was corrected using
0.016 3 0.022 NiTi RCA.

� Greater lower posterior tooth extrusion and a greater
increase in the lower facial height ratio were noted in
cases treated with ABTs than cases treated with
0.016 3 0.022 NiTi RCA.

� The duration of the overbite correction stage of
treatment was shorter when ABTs were used to treat
cases with deep overbite.
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