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Abstract
Background. The orthodontic removable traction appliance (ORTA) was introduced as an  intraoral re-
movable appliance to treat Class III patients, but the pure treatment effects of ORTA have not been estab-
lished yet.

Objectives. The aim of the study was to evaluate the skeletal, dental and soft tissue changes following 
the use of ORTA in treating Class III growing patients, and to compare these changes with those observed 
in an untreated control group (UCG). 

Material and methods. Forty-two patients with Class III malocclusion (mean age: 9.04 ±0.84 years) 
were randomly allocated to either the intervention group (ORTA) or UCG with a  1:1 allocation ratio. 
The patients in the ORTA group were treated until a positive overjet was achieved, whereas those in UCG 
were observed for an average of 6 months. Lateral cephalograms were obtained before (T1) and at the end 
of the treatment or observation period (T2). Twenty-six variables were used to evaluate treatment changes. 
The paired and independent t  tests were used to detect significant differences within and between the 
groups, respectively.

Results. Forty-two patients who met the inclusion criteria were included primarily. Two patients in  UCG 
dropped out of  the study. Therefore, 40 patients were included in the statistical analyses (ORTA:  21; 
UCG:  19). The orthodontic removable traction appliance was able to correct Class III malocclusion in 
a mean treatment time of 4.34 ±2.02 months. The maxilla moved forward by a mean of 1.31°, which 
was significantly greater than in the case of UCG (i.e., a mean difference of 1.02°). The mandible moved 
significantly backward in the ORTA group (the mean change in SNB: −1.85°) and significantly forward 
in UCG (the mean change in SNB: 0.97°), leaving the overall sagittal skeletal change significantly greater in 
the ORTA group as compared to UCG (the mean change in ANB: 3.81°) (p < 0.001).

Conclusions. In the short term, ORTA seemed to be an  effective intraoral removable appliance in the 
treatment of growing Class III patients.
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Introduction
Skeletal Class III malocclusion is considered one of the 

most difficult orthodontic problems to treat.1 This con­
dition of malocclusion can result from a wide spectrum 
of skeletal and dental abnormalities.2 The early treatment 
of Class III malocclusion in growing patients is a matter 
exceedingly discussed in the literature.3

Several studies have recommended early interven­
tion in the case of developing Class III malocclusion to 
reduce the need for or the complexity of the 2nd phase 
of treatment,4 and to reduce the need for an orthogna­
thic surgery at late adolescence.5 Many appliances have 
been advocated for the treatment of this kind of mal­
occlusion by means of  growth modification either in 
primary or mixed dentition, such as the chin cup6 and 
the facemask (FM),7 which are considered effective extra­
oral appliances. However, the lack of esthetics and the 
bulky size of  these devices reduce patients’ coope­
ration and compromise their clinical success.8 There­
fore, an  increased interest in intraoral appliances has 
been shown in recent years.9

The orthodontic removable traction appliance 
(ORTA) was introduced as an intraoral removable ap­
pliance that could be used in conjunction with rapid 
maxillary expansion (RME) or fixed appliances. It was 
developed in the 1980s by David Musich as an attempt 
to overcome the compliance problems encountered in 
the use of FM.10 A quick review of the literature reveals 
that there is only 1  study published as an  MSc thesis 
in 2012 that evaluates this appliance by comparing its 
effectiveness with FM.10 Within the limitations of  the 
above-mentioned retrospective study, no statistically 
significant differences in the skeletal and dental values 
were found between the 2 examined groups except for 
SNA, which was greater in the FM group as compared 
to the ORTA group. Thus, the authors concluded that 
ORTA could be used as another treatment modality 
for patients with Class III malocclusion.10 However, 
the pure treatment effects of ORTA have not been stu­
died yet, since growth-related changes were not filtered 
out in the above-mentioned study (i.e., the absence 
of a control group with no treatment).10

Therefore, the objective of  the current trial was to 
evaluate and compare the skeletal, dental and soft tissue 
changes resulting from the use of ORTA in growing Class III 
patients with an untreated control group (UCG).

Material and methods

Trial design and any changes  
after trial commencement 

This study was a two-arm, parallel-group, randomized 
controlled trial. It was approved by the local Research 

Ethics Committee of the University of Damascus, Syria. 
It was registered at Clinical.Trials.gov (NCT 03172442). 
The current study was conducted between May 2017 
and February 2019. No changes occurred in the metho­
dology of this study after trial commencement.

Sample size calculation 

The sample size was calculated using the G*Power 
software, v. 3.1.3 (Franz Faul, University of  Kiel, 
Germany), with the following assumptions: a  signifi­
cance level of 0.05; a power of 90%; and a minimal dif­
ference in Wits appraisal requiring detection between 
the 2 treatment groups of 2.5 mm based on the vari­
ability of  this measurement in a previous study.1 The 
power analysis showed that 19 patients in each group 
were required to conduct the two-sample t tests. To 
compensate for possible dropouts during the trial 
period, it was decided to enroll 2 additional patients 
in each group. The patients and their parents were 
given information sheets and signed informed consent 
forms.

Participants, eligibility criteria  
and settings 

The study participants were selected from the pa­
tients seeking treatment at the Department of  Ortho­
dontics of  the University of  Damascus, Syria, according 
to the following criteria: skeletal Class III malocclusion 
caused by maxillary deficiency and/or mandibular prog­
nathism (2  cephalometric conditions had to be met: 
−3° ≤ ANB ≤ 1.5° and −3 mm ≥ Wits appraisal ≥ −9 mm); 
an anterior cross-bite or an edge-to-edge relationship; pa­
tients with mixed dentition, aged 8–10 years; and good 
oral hygiene.

The exclusion criteria were as follows: previous orth­
odontic treatment; patients with syndromes, clefts or 
craniofacial abnormalities; patients with facial asym­
metry; and patients with missing teeth or periodontal 
diseases.

Randomization and allocation 
concealment 

Seventy patients were examined for eligibility. The 
number of  patients who met the inclusion criteria 
and agreed to participate in the study was 51. Forty-
two of  these participants were randomly chosen, and 
then assigned randomly to the 2 study groups by us­
ing a computer-generated list of random numbers with 
an allocation ratio of 1:1 (21 patients in each group). 
The assigned group for each patient was concealed using 
opaque sealed envelopes that were not opened until the 
patients’ sorting was started (Fig. 1).
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Blinding 

Due to the nature of  the trial, blinding of the patients 
and the clinicians was not applicable. However, all cepha­
lometric radiographs were coded. This ensured that the 
measurements were carried out by 1 assessor who was 
totally blinded to the study group (B.A.A.).

Pilot study 

Since this was the first time when this device was ap­
plied at the University of Damascus Postgraduate Orth­
odontic Clinic, a pilot study was performed to detect any 
problems that could arise with the application of ORTA. 
The pilot study sample consisted of 6 patients (3 boys and 
3 girls) meeting the same inclusion criteria as previously 
mentioned. All of them were treated by means of ORTA 
according to the design provided in Moore’s study.10 The 
pilot study revealed that modifications were needed to 
solve 2 problems. The first one was the lack of the appli­
ance stability during the application of traction. Therefore, 
it was decided to increase the number of teeth holding the 
retentive ridges to at least 6 teeth to ensure the stability 
of the appliance. The other issue was gingival problems, 
especially at the vestibular side of the lower incisors. Two 
out of 6 patients had gingival recession on the central in­
cisors and this was attributed to the inferiorly extended 
edges of the lower clear plate. Therefore, it was decided to 
trim the edges exactly above the gingival margins of the 
lower incisors to prevent any gingival injury.

Intervention group: ORTA 

The 3 components of  the RME-assisted ORTA used 
in this study were as follows: a  lower vacuum plate 
of  1.5-millimeter thickness (Easy-Vac Gasket; 3A 
MEDES, Goyang, South Korea) with 2 welded buccal but­
tons (American Orthodontics, Sheboygan, USA) located 
at the areas between the lateral incisor and the canine 

on each side, which were used for attaching intermaxillary 
elastics (Fig. 2A); a Hyrax-type rapid maxillary expander 
(Lewa-Dental-Feinmechanik, Remchingen, Germany) 
with 4 bands placed on the posterior teeth (Fig. 2B); and 
Class III elastics (Fig. 2C).

The banded rapid maxillary expander was fitted on the 
maxillary permanent first molars and primary first mo­
lars. The expansion screw was activated once per day for 
the first 7 days to disrupt the circum-maxillary sutures 
in cases without posterior cross-bites. For patients with 
posterior cross-bites, the expansion procedure conti­
nued until the cross-bites were overcorrected (i.e., the 
palatal cusps of the upper posterior teeth occluded onto 
the lingual inclines of the buccal cusps of the lower pos­
terior teeth).

On the lower dental arch, the first step was the applica­
tion of retentive ridges on several teeth. They were placed 
on the lateral incisor, deciduous canine and deciduous 
first molar on each side. This was done by applying 
a composite resin (Medental International, Vista, USA) 

Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram 
of the patients’ recruitment and follow-up in the trial

Fig. 2. Orthodontic removable traction appliance (ORTA) used in the 
current study (A), a Hyrax-type rapid maxillary expander with bands fitted 
on molars (B) and Class III elastics in their place (C)
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to the surfaces of  the chosen tooth as a  ridge shape. 
An  alginate impression was taken, then thermoplastic 
plates were constructed using a specific device (Ministar®; 
Scheu-Dental, Iserlohn, Germany). All clinical procedures 
were done by the same clinician (B.A.A.).

Elastic traction was started simultaneously with RME. 
Elastics of a 3/16-inch diameter were attached from the 
tube of the maxillary permanent first molar to the button 
in the lower vacuum plate on each side to produce forces 
ranging from 220 to 240 g, as measured by a force gauge. 
The patients were instructed to wear ORTA with Class III 
elastics 24 h per day, except during eating times, and they 
were asked to change the elastics daily. All patients were 
treated until at least a 3-millimeter positive overjet was 
achieved and this was considered the T2 point in the 
ORTA group. The patients were then instructed to wear 
the appliance at nighttime only for 2–3 months to main­
tain the achieved correction. The patients in this group 
were seen monthly to monitor the achieved results and 
it was planned to intervene if any significant relapse oc­
curred.

The patients in UCG were left untreated and they were 
observed for about 6 months. Their records were obtained 
at the beginning and the end of this period. According to 
the local Research Ethics Committee guidelines, these pa­
tients were treated by postgraduate students immediately 
after the end of the observation period.

Outcome measurements 

Lateral cephalograms of  each patient were obtained 
at the beginning (T1) and the end of the treatment or obser­
vation period (T2). All radiographs were taken with maxi­
mum intercuspation, relaxed lips and a natural head po­
sition. The radiographs were hand-traced and measured 
by the same researcher (B.A.A.) by using a conventional 
lightbox and a 0.3-millimeter lead pencil. The reference 
planes used in this study were the anterior cranial base 
plane (SN), the Frankfort horizontal plane (FH) and the 
esthetics line of Ricketts (E-line). In order to evaluate den­
toskeletal and soft tissue changes, 11 linear and 15 angu­
lar parameters were used in this study (Fig. 3 and Fig. 4).

Method error 

Fifteen randomly selected cephalograms were re­
traced and remeasured 1 month after the first tracing to 
determine the method error. The paired t tests showed 
no significant differences between the 2 measurements, 
and the mean errors for angular and linear measure­
ments were less than 0.6° and 0.6  mm, respectively, 
according to Dahlberg’s formula,11 indicating a  negli­
gible error. The intraclass correlation coefficients were 
greater than 0.90 for all variables, with the majority be­
ing greater than 0.95, thus confirming the high reliability 
of the measurements.

Statistical analyses 

All statistical analyses were performed with the IBM 
SPSS Statistics for Windows software, v. 22 (IBM Corp., 
Armonk, USA). The Kolmogorov–Smirnov test showed 
a  normal distribution of  all variables; therefore, para­
metric statistics were applied. The intragroup comparisons 
were analyzed with the paired t tests and the intergroup 

Fig. 3. Angular cephalometric measurements

1: SNA; 2: SNB; 3: SN–Pog; 4: ANB; 5: SN–SPP; 6: SN–GoMe; 7: SPP–GoMe; 
8: Y-axis; 9: U1–SPP; 10: U1–SN; 11: L1–GoMe; 12: L1–NB; 13: Nasolab; 
14: Mentolab.
S – sella; N – nasion; A – point A; B – point B; Pog – pogonion; SPP – spinal 
palatal plane; Go – gonion; Me – menton; U1 – upper incisor; L1 – lower 
incisor; Nasolab – nasolabial angle; Mentolab – mentolabial; Gn – gnathion.

Fig. 4. Linear cephalometric measurements

1: Co–A; 2: Co–Gn; 3: A-to-N perp; 4: Pog-to-N perp; 5: ANS–Me; 6: overjet; 
7: overbite, 8: Ls–Esth; 9: Li–Esth.
Co – condylion; perp – perpendicular; Ls – labialis superior; Esth – esthetics 
line of Ricketts (E-line); Li – labialis inferior; Or – orbitale; Po – porion.
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comparison was evaluated with the t test for indepen­
dent groups. Gender distribution was evaluated using 
Pearson’s χ2 test. The level of significance was set at 5%.

Results
Forty-two patients who met the inclusion criteria were 

included primarily (21 patients in each group). Two pa­
tients in UCG dropped out of the study for personal rea­
sons. Therefore, 40 patients were included in the statis­
tical analyses. The ORTA group consisted of 21 patients 
(12 boys, 9 girls; mean age: 8.95 years), whereas UCG con­
sisted of 19 patients (8 boys, 11 girls; mean age: 9.14 years) 
(Table 1).

There were no statistically significant differences be­
tween the 2 groups for the following data: age (p = 0.458); 
gender distribution (p  =  0.342); and treatment dura­
tion (a mean of 18.6 weeks) and the observation period 
(a mean of 22.1 weeks (p = 0.094) (Table 1).

The analysis of  cephalometric variables in the ORTA 
group and UCG at T1 showed no statistically significant 
differences between the 2 groups (Table 2). In the ORTA 
group, the cephalometric measurements related to the 
maxilla (i.e., SNA, Co-A and A-to-N perp) showed sig­
nificant mean increases of 1.31°, 2.92 mm and 1.41 mm, 
respectively (p < 0.001), whereas no significant increases 
were detected in UCG (p  >  0.05) (Table 3). Differences 
between the 2 groups in SNA, Co-A and A-to-N perp 
showed a  greater average improvement in the ORTA 
group over the controls of 1.02°, 2.26 mm and 1.39 mm, 
respectively (p < 0.01) (Table 4).

In the ORTA group, the mandible significantly moved 
backward, i.e., SNB, SN–Pog and Pog-to-N perp showed 
mean decreases of 1.85°, 1.66° and 2.17 mm, respectively, 
whereas in UCG, significant mean increases of 0.97°, 0.84° 
and 1.50  mm were observed, respectively. The analysis 
showed that differences between the mean changes across 
the groups for the mandibular position were significant 
(−2.82°, −2.51° and −3.67  mm for SNB, SN–Pog and 
Pog-to-N, respectively (p < 0.001) (Table 3 and Table 4).

In terms of intermaxillary sagittal relationship changes, 
both groups changed significantly over time; however, 
ORTA introduced favorable changes (a mean change 
of Wits appraisal of 5.24 mm and of ANB of 3.12°), while 
the parameters for the controls worsened (−0.72 mm for 
Wits appraisal and −0.69° for ANB). Differences across 
the groups were significant (5.96 mm for Wits appraisal 
and 3.81° for ANB) (Table 3 and Table 4).

In terms of  vertical relationship changes, the patients 
in the ORTA group had a significant clockwise rotation 
and a significant mean increase in the vertical dimension 
(SN–GoMe: 1.12°; Björk’s sum: 2.40°). Conversely, the 
patients in UCG showed a non-significant anterior rotation 
(SN–GoMe: −0.85°; Björk’s sum: −0.87°). The  mean in­
creases in the vertical dimension were significantly greater 
in the ORTA group than in the controls (SN–GoMe: 1.97°; 
Björk’s sum: 3.27°), while no significant changes were 
found in SN–SPP and SPP–GoMe between the 2 groups 
(Table 3 and Table 4).

Table 1. Basic sample characteristics

Characteristic ORTA 
(n = 21)

UCG 
(n = 19) p-value

Age 
[years] 
M ±SD

8.95 ±0.88 9.14 ±0.80 0.458a

Treatment duration/ 
observation period 
[weeks] 
M ±SD

18.62 ±8.65 22.11 ±1.94 0.094a

Gender distribution 
males/females

12/9 8/11 0.342b

ORTA – orthodontic removable traction appliance group;  
UCG – untreated control group; M – mean; SD – standard deviation; 
a independent t test; b χ2 test.

Table 2. Comparison of the initial measurements between the 2 groups

Cephalometric 
parameter

ORTA  
(n = 21)

UCG 
(n = 19) p-value*

M SD M SD

SNA [°] 79.17 4.92 78.08 4.99 0.492

Co–A [mm] 74.48 3.57 75.10 3.44 0.576

A-to-N perp [mm] −1.49 3.15 −1.00 2.16 0.577

SNB [°] 79.33 4.26 78.92 3.37 0.738

SN–Pog [°] 79.40 4.43 79.21 3.31 0.877

Co–Gn [mm] 98.97 5.54 100.65 7.21 0.410

Pog-to-N perp [mm] −2.73 6.12 −0.68 3.21 0.201

Wits appraisal [mm] −6.59 2.29 −6.23 2.04 0.598

ANB [°] −0.17 1.98 −0.84 2.69 0.368

SN–SPP [°] 10.00 3.41 9.61 2.93 0.698

SN–GoMe [°] 35.26 4.93 35.32 3.14 0.968

SPP–GoMe [°] 25.24 4.31 25.71 3.13 0.697

Björk’s sum [°] 393.98 5.15 394.37 3.10 0.775

Y-axis [°] 66.52 4.42 67.13 3.18 0.624

ANS–Me [mm] 56.65 4.45 57.90 4.90 0.403

S–Go/N–Me [%] 62.44 3.77 62.06 2.31 0.707

U1–SPP [°] 108.93 6.61 111.84 6.02 0.155

U1-SN [°] 99.02 6.54 102.24 7.32 0.151

L1–GoMe [°] 89.07 5.07 90.58 3.73 0.295

L1–NB [°] 23.81 4.28 24.92 5.11 0.459

Overjet [mm] −1.98 1.19 −1.58 1.48 0.352

Overbite [mm] 1.58 1.17 1.09 1.60 0.270

Ls–Esth [mm] −2.98 2.24 −2.66 1.86 0.625

Li–Esth [mm] 0.05 2.13 0.28 1.73 0.707

Nasolab [°] 110.21 9.50 110.34 5.85 0.960

Mentolab [°] 133.57 17.75 138.55 15.98 0.359

* independent t test.
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The maxillary incisors proclined in the ORTA 
group (U1–SPP: 3.36 ±3.02°; U1–SN: 2.96 ±2.67°), 
while no changes were observed in UCG (U1–SPP: 
−0.60  ±2.83°; U1–SN: 0.50 ±2.97°). Differences be­
tween the 2  groups were significant for maxillary 
incisor protrusion (U1–SPP: 3.96°; p  <  0.001 and 
U1–SN: 2.45°; p = 0.009). The mandibular incisors ret­
roclined significantly in the ORTA group (L1–GoMe: 
−7.38  ±4.38°; L1–NB: −7.74 ±4.37°), while no sig­
nificant changes were observed in UCG (Li–GoMe: 
−0.32 ±1.98°; L1–NB: −0.47  ±2.81°). Differences in 
mandibular incisor retroclination were significant 
between the 2 groups (L1–GoMe: −7.06° and L1–NB: 
−7.27°; p < 0.001). Overjet improved significantly more 

in the ORTA group (6.20 mm; p < 0.001), whereas no 
significant differences were found in overbite in either 
group, nor between the 2 groups (Table 3 and Table 4).

Regarding soft tissues, the upper lip moved significant­
ly forward in the ORTA group (Ls–Esth: 1.03 ±1.65 mm), 
whereas in the control group, the upper lip moved back­
ward (Ls–Esth: −0.74 ±1.79 mm), resulting in a signifi­
cant difference between the groups (Ls–Esth: 1.77 mm; 
p = 0.002) (Table 3 and Table 4).

Harm 

No harm was encountered in the current research 
project.

Table 3. Descriptive statistics of changes in the 2 groups and the results of significance tests

Cephalometric 
parameter

ORTA  
(n = 21) p-value†

UCG 
(n = 19) p-value†

T1 T2 T2 − T1 T1 T2 T2 − T1

SNA [°] 79.17 ±4.92 80.48 ±4.70 1.31 ±0.83 <0.001*** 78.08 ±4.99 78.37 ±4.47 0.29 ±0.89 0.172

Co–A [mm] 74.48 ±3.57 77.40 ±3.61 2.92 ±1.66 <0.001*** 75.10 ±3.44 75.76 ±2.89 0.66 ±2.21 0.215

A-to-N perp [mm] −1.49 ±3.15 −0.08 ±3.44 1.41 ±1.45 <0.001*** −1.00 ±2.16 −0.98 ±2.24 0.02 ±1.35 0.948

SNB [°] 79.33 ±4.26 77.48 ±4.06 −1.85 ±1.06 <0.001*** 78.92 ±3.37 79.89 ±3.07 0.97 ±1.06 0.001**

SN–Pog [°] 79.40 ±4.43 77.74 ±4.22 −1.66 ±1.02 <0.001*** 79.21 ±3.31 80.05 ±3.16 0.84 ±1.16 0.005**

Co–Gn [mm] 98.97 ±5.54 99.55 ±4.70 0.58 ±2.20 0.239 100.65 ±7.21 102.26 ±6.83 1.61 ±2.51 0.012*

Pog-to-N perp [mm] −2.73 ±6.12 −4.90 ±6.60 −2.17 ±3.28 0.006** −0.68 ±3.21 0.82 ±4.86 1.50 ±2.60 0.021*

Wits appraisal [mm] −6.59 ±2.29 −1.35 ±3.31 5.24 ±2.68 <0.001*** −6.23 ±2.04 −6.95 ±2.28 −0.72 ±1.09 0.010*

ANB [°] −0.17 ±1.98 2.95 ±1.94 3.12 ±1.07 <0.001*** −0.84 ±2.69 −1.53 ±2.83 −0.69 ±0.77 0.001**

SN–SPP [°] 10.00 ±3.41 9.81 ±3.17 −0.19 ±1.75 0.623 9.61 ±2.93 8.58 ±2.86 −1.03 ±1.45 0.006**

SN–GoMe [°] 35.26 ±4.93 36.38 ±5.09 1.12 ±1.45 0.002** 35.32 ±3.14 34.47 ±2.84 −0.85 ±1.76 0.052

SPP–GoMe [°] 25.24 ±4.31 26.57 ±4.96 1.33 ±2.15 0.010* 25.71 ±3.13 25.84 ±3.24 0.13 ±2.15 0.793

Björk’s sum [°] 393.98 ±5.15 396.38 ±4.92 2.40 ±2.27 <0.001*** 394.37 ±3.10 393.50 ±2.65 −0.87 ±1.61 0.031*

Y-axis [°] 66.52 ±4.42 68.43 ±4.40 1.91 ±1.09 <0.001*** 67.13 ±3.18 66.50 ±2.51 −0.63 ±1.42 0.069

ANS–Me [mm] 56.65 ±4.45 58.49 ±4.28 1.84 ±1.83 <0.001*** 57.90 ±4.90 57.72 ±4.92 −0.18 ±1.55 0.616

S–Go/N–Me [%] 62.44 ±3.77 61.08 ±3.51 −1.36 ±1.62 <0.001*** 62.06 ±2.31 62.82 ±2.09 0.76 ±1.19 0.013*

U1–SPP [°] 108.93 ±6.61 112.29 ±5.64 3.36 ±3.06 <0.001*** 111.84 ±6.02 111.24 ±6.04 −0.60 ±2.83 0.363

U1-SN [°] 99.02 ±6.54 101.98 ±5.83 2.96 ±2.67 <0.001*** 102.24 ±7.32 102.74 ±6.72 0.50 ±2.97 0.473

L1–GoMe [°] 89.07 ±5.07 81.69 ±5.46 −7.38 ±4.38 <0.001*** 90.58 ±3.73 90.26 ±4.74 −0.32 ±1.98 0.496

L1–NB [°] 23.81 ±4.28 16.07 ±4.78 −7.74 ±4.37 <0.001*** 24.92 ±5.11 24.45 ±6.19 −0.47 ±2.81 0.472

Overjet [mm] −1.98 ±1.19 3.89 ±1.09 5.87 ±1.39 <0.001*** −1.58 ±1.48 −1.91 ±1.35 −0.33 ±0.74 0.062

Overbite [mm] 1.58 ±1.17 2.20 ±2.30 0.62 ±1.84 0.135 1.09 ±1.60 1.30 ±1.59 0.21 ±0.50 0.071

Ls–Esth [mm] −2.98 ±2.24 −1.95 ±2.63 1.03 ±1.65 0.010* −2.66 ±1.86 −3.40 ±2.49 −0.74 ±1.79 0.086

Li–Esth [mm] 0.05 ±2.13 −0.75 ±2.67 −0.80 ±1.58 0.030* 0.28 ±1.73 0.08 ±1.82 −0.20 ±0.98 0.369

Nasolab [°] 110.21 ±9.50 111.33 ±8.25 1.12 ±10.03 0.615 110.34 ±5.85 109.50 ±9.20 −0.84 ±8.20 0.660

Mentolab [°] 133.57 ±17.75 130.12 ±18.50 −3.45 ±15.39 0.316 138.55 ±15.98 140.34 ±14.43 1.79 ±4.95 0.132

T1 – at the beginning of the treatment or observation period; T2 – at the end of  the treatment or observation period;  
* p ≤ 0.05; ** p < 0.01; *** p < 0.001; † paired t test.
Data presented as M ±SD.
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Discussion
To the best of our knowledge, this is the first random­

ized controlled trial evaluating the skeletal, dental and 
soft tissue changes following the use of ORTA in grow­
ing Class III patients, and comparing these changes with 
an untreated control group.

The analysis of homogeneity between the 2 groups in 
terms of age, gender distribution and cephalometric vari­
ables indicated that the 2 groups were very similar and 
the applied randomization procedure generated 2 well-
matched groups.

Since this was the first time when ORTA was applied 
at the University of Damascus Postgraduate Orthodontic 
Clinics, it was necessary to conduct a pilot study. This study 

led to 2 important modifications in the treatment protocol: 
increasing the number of  teeth with retentive ridges to 
ensure the stability of  the appliance; and shortening the 
edges of the device to prevent gingival impingement. This 
may have provided better results as compared to those 
achieved with earlier designs.

Although still controversial, RME might disarticulate 
the maxilla and initiate a cellular response in the sutures, 
thereby allowing a more positive reaction to protraction 
forces, which may be beneficial in the early treatment 
of  Class III malocclusion.12–14 Therefore, in this study, 
RME was applied in every treated patient in order to re­
lease the circumferential maxillary sutures or to correct 
posterior cross-bites in case they were found, which also 
standardized the clinical intervention.

Table 4. Descriptive statistics of differences between the 2 groups in the amount of change observed between T1 and T2, and the results of significance tests

Cephalometric parameter

ORTA 
(n = 21)

UCG  
(n = 19) Difference t-value p-value†

M SD M SD

SNA [°] 1.31 0.83 0.29 0.89 1.02 3.760 0.001**

Co–A [mm] 2.92 1.66 0.66 2.21 2.26 3.686 0.001**

A-to-N perp [mm] 1.41 1.45 0.02 1.35 1.39 3.123 0.003**

SNB [°] −1.85 1.06 0.97 1.06 −2.82 −8.424 <0.001***

SN–Pog [°] −1.66 1.02 0.84 1.16 −2.51 −7.306 <0.001***

Co–Gn [mm] 0.58 2.20 1.61 2.51 −1.03 −1.383 0.175

Pog-to-N perp [mm] −2.17 3.28 1.50 2.60 −3.67 −3.906 <0.001***

Wits appraisal [mm] 5.24 2.68 −0.72 1.09 5.96 9.040 <0.001***

ANB [°] 3.12 1.07 −0.69 0.77 3.81 12.782 <0.001***

SN–SPP [°] −0.19 1.75 −1.03 1.45 0.84 1.636 0.110

SN–GoMe [°] 1.12 1.45 −0.85 1.76 1.97 3.857 <0.001***

SPP–GoMe [°] 1.33 2.15 0.13 2.15 1.20 1.763 0.086

Björk’s sum [°] 2.40 2.27 −0.87 1.61 3.27 5.199 <0.001***

Y-axis [°] 1.91 1.09 −0.63 1.42 2.54 6.363 <0.001***

ANS–Me [mm] 1.84 1.83 −0.18 1.55 2.02 3.742 0.001**

S–Go/N–Me [%] −1.36 1.62 0.76 1.19 −2.12 −4.668 <0.001***

U1–SPP [°] 3.36 3.06 −0.60 2.83 3.96 4.241 <0.001***

U1-SN [°] 2.95 2.67 0.50 2.97 2.45 2.750 0.009**

L1–GoMe [°] −7.38 4.38 −0.32 1.98 −7.06 −6.452 <0.001***

L1–NB [°] −7.74 4.37 −0.47 2.81 −7.27 −6.172 <0.001***

Overjet [mm] 5.87 1.39 −0.33 0.74 6.20 17.309 <0.001***

Overbite [mm] 0.62 1.84 0.21 0.50 0.41 0.934 0.356

Ls–Esth [mm] 1.03 1.65 −0.74 1.79 1.77 3.267 0.002**

Li–Esth [mm] −0.80 1.58 −0.20 0.98 −0.60 −1.413 0.166

Nasolab [°] 1.12 10.03 −0.84 8.20 1.96 0.673 0.505

Mentolab [°] −3.45 15.39 1.79 4.95 −5.24 −1.419 0.164

* p ≤ 0.05; ** p < 0.01; *** p < 0.001; † independent t test.
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The mean treatment duration in the present study was 
18.62 weeks (4.34 months), which was less than that in 
Moore’s study (6.96 months).10 The additional time in 
Moore’s study could be attributed to the fact that records 
were not always taken at the application or removal of the 
appliance. Also, traction in Moore’s study started follow­
ing RME, which may have lengthened the overall treat­
ment time, whereas traction in the current study started 
at the same time as using the RME appliance.

The orthodontic removable traction appliance was 
able to induce significantly greater advancement of  the 
maxilla as compared to the control group, which means 
that ORTA had a  favorable effect on the maxilla and 
contributed to the correction of  Class III malocclusion. 
The amount of increase in SNA in the current study was 
approx. 3 times greater than that observed in Moore’s 
study (an average increase of 0.4°).10 The greater amount 
of movement in point A in this study could be attributed 
to the following reasons: the age range was 3.1–12.1 years 
in the previously published retrospective study, while it 
was 8–10 years in the present work (including younger 
children might have compromised compliance with ap­
pliance wear); the magnitude of  the traction forces was 
not fixed at a specific level, but was adjusted to patients’ 
age, while it ranged between 220 and 240  g in the pre­
sent study; the fact that traction was applied after finish­
ing RME in the previous study, while in the current study, 
traction was applied simultaneously with RME.

The amount of  SNA increase observed in the present 
study was similar to that reported in a recent meta-analysis 
on the effects of RME + FM (an average increase of 1.39°).15 
Therefore, ORTA could be considered as an  alternative 
modality to treat mild or moderate cases of retrusive ma­
xilla; a conclusion that was arrived at in a recently published 
systematic review.16 Increases in the control group in terms 
of  mandibular sagittal growth and position were signifi­
cantly unfavorable. These findings are in line with a previ­
ous study, which confirmed that in untreated patients with 
Class III malocclusion, the deformity increased over time.2

Although a  difference between the 2 groups was not 
significant in terms of change in the length of the man­
dible (Co–Gn), that difference (−1.03 mm) indicated that 
the forces applied through the device played a role in re­
ducing the growth of the mandible in the sagittal plane. 
This may suggest that ORTA not only helped in maxil­
lary advancement, but also restrained mandibular growth 
to some extent. An  insignificant increase in Co–Gn in 
the treatment group was found to be smaller than that 
reported by Majanni and Hajeer, regarding the groups 
treated with bone-anchored intermaxillary traction or 
the removable mandibular retractor (RMR).17 This can be 
explained by the fact that their groups’ age means were 
greater than those in the current study.

The sagittal relationship between the 2 jaws in the treat­
ment group significantly improved as a result of the ante­
rior movement of the maxilla and the posterior movement 

with a clockwise rotation of the mandible, which was re­
flected by significant increases in ANB (the average in­
crease of 3.12°; p < 0.001) and Wits appraisal (the average 
increase of  5.24  mm; p  <  0.001). This increase in ANB 
is consistent with previous studies by Ngan et al.13 and 
Nienkemper  et  al.,18 applying RME and protraction FM. 
Lin et al. in their meta-analysis showed that FM induced 
an improvement in the intermaxillary sagittal relationship 
with a mean ANB change of 2.92°.19 An increase in ANB 
was also greater when using ORTA as compared to other 
devices, such as RMR17 or the modified tandem appliance.20

When comparing the 2 groups, a decrease in SNB was 
approx. triple the amount of  increase in SNA. In other 
words, ¾ of the improvement in ANB could be attributed 
to mandibular changes in the form of clockwise rotation. 
Therefore, Class III patients with mandibular prognathism 
that are able to tolerate a mandibular clockwise rotation 
as part of their treatment can be treated with ORTA, as 
such cases were included and successfully treated with the 
proposed protocol.

In this study, the mandible in the treatment group showed 
a  significant clockwise rotation (a  mean of  1.12°) and sig­
nificant increases in the vertical dimension (ANS–Me: 1.84; 
p < 0.001 and Björk’s sum: 2.40; p < 0.001). These changes 
may have been due to the molar extrusion caused by RME 
and the vertical effect of the force vector applied by elastics. 
These findings are similar to those from many previous stu­
dies.13,20 It should be noted that changes in the glenoid fossa 
were not assessed in the current study; therefore we may 
need an in-depth analysis of such changes in future studies.

The upper incisors proclined significantly in the treat­
ment group; a finding that is consistent with the previous­
ly published literature.13,21 However, the lower incisors 
retroclined more than reported previously.10 This amount 
of  retrusion was greater than that reported in Moore’s 
study (−1.40°).10 This difference could be due to the differ­
ence in the amount of overjet correction achieved in the 
2 studies, which was greater in the present work (a mean 
of 5.87 mm as compared to 1.88 mm in Moore’s study).

The amount of  protrusion of  the upper incisors was 
similar to that reported in many previous studies.13,21 
However, the amount of  retrusion of  the lower incisors 
observed in the present study was almost double that re­
ported in previous studies employing the RME procedure 
in conjunction with FM.13,21 This could be explained by 
the underlying biomechanics of the 2 systems. In the FM 
therapy, the frontal and mental bony regions were used as 
extraoral anchorage units to advance the maxilla, whereas 
in the ORTA therapy, the maxilla was moved forward us­
ing intermaxillary traction based on the intraoral elastics 
resting on the lower dental arch as the anchorage unit. 
This led to extra forces being transferred to the lower 
teeth, pushing them further in the posterior direction.

Although the retrusion of  the lower incisors noted in 
the treatment group contributed to the overjet correc­
tion, the final inclination of the lower incisors at the end 
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of the treatment was deemed unfavorable, as such severe 
retroclination may cause post-treatment relapse and pos­
sible dentoalveolar bony defects (e.g., fenestration or de­
hiscence).

Soft tissues improved significantly with the ORTA 
treatment, as both the upper and lower lips moved favor­
ably, meaning that the upper lip moved forward and the 
lower lip backward, following dentoskeletal changes. This 
is similar to what was reported in previous studies.22,23

Limitations 

One important limitation of  the current study is its 
short-term evaluation period (i.e., patients were followed 
up for approx. 19 weeks). Therefore, the conclusions 
are confined only to the short-term perspective and fu­
ture research work should focus on the prognosis of the 
achieved results. Another limitation is that the effect 
of gender on the treatment outcomes was not evaluated. 
Also, this study focused on 8–10-year-old patients and it 
would be interesting to see the skeletal and dentoalveolar 
effects in older age groups. More importantly, an analysis 
of patients’ acceptance and of the levels of pain and dis­
comfort associated with this treatment modality would be 
very valuable to clinicians.

Generalizability 

As growth-related changes were filtered out by the rea­
sonable homogeneity presented between the 2 groups in 
terms of age and type of malocclusion, it is expected that 
the results of this study reflect the effectiveness of the ap­
pliance, and hence could be generalized to all patients at 
the same age suffering from the same malocclusion. The 
short-term nature of the study does not allow us to make 
assumptions about the long-term stability of the results.

Conclusions
In the short-term, ORTA was an effective appliance to 

treat mild-to-moderate Class III malocclusion patients 
aged 8–10 years. The ORTA therapy led to a  significant 
improvement in the intermaxillary relationship within 5 
months of  treatment, which was achieved by a  forward 
movement of the maxilla as well as a backward and down­
ward rotation of the mandible. In the current short period 
of observation, ORTA caused significant and favorable pro­
clination of the upper incisors, and significant retroclina­
tion of the lower incisors, which was deemed undesirable.
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