
Ghozy et al. BMC Oral Health          (2024) 24:152  
https://doi.org/10.1186/s12903-024-03925-3

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Oral Health

Cephalometric and digital model analysis 
of dentoskeletal effects of infrazygomatic 
miniscrew vs. Essix- anchored Carriere Motion 
appliance for distalization of maxillary buccal 
segment: a randomized clinical trial
Eglal Ahmed Ghozy1*, Nehal Fouad Albelasy1, Marwa Sameh Shamaa1 and Ahmed A. El‑Bialy1 

Abstract 

Trial design Parallel.

Objective To compare skeletally anchored Carriere Motion appliance (CMA) for distalization of the maxillary buccal 
segment vs. Essix anchored CMA.

Methods Thirty‑two class II malocclusion patients were randomly allocated into two equal groups. One group 
was treated with infrazygomatic (IZC) miniscrew‑ anchored CMA (IZCG) and the other group treated with Essix 
retainer‑ anchored CMA (EXG). Two lateral cephalograms and two digital models for upper and lower arches were 
taken for each patient: immediately before intervention and after distalization had been completed.

Results Distalization period was not significantly different between the two groups. In contrast to EXG, IZCG showed 
insignificant difference in ANB, lower incisor proclination, and mesial movement of the lower first molar. There 
was significant rotation with distal movement of maxillary canine and first molar in both groups.

Conclusion IZC anchored CMA could eliminate the side effects of class II elastics regarding lower incisor proclina‑
tion, mesial movement lower molars with a more significant amount of distalization of the maxillary buccal segment 
but with significant molar rotation.

Trial registration The ClinicalTrials.gov Protocol Registration and Results System (PRS) has this RCT registered 
as (NCT05499221) on 12/08/2022.

Keywords Carriere motion appliance, Distalization, Class II malocclusion, Infrazygomatic miniscrews, Skeletal 
anchorage

Background
One of the most frequent treatment challenges is Class 
II malocclusion, which accounts for almost a third of all 
malocclusions [1]. Carriere Motion appliance (CMA), 
(Henry Schein Orthodontics, CA, USA) was unveiled in 
2004. By distalizing the entire maxillary buccal segment 
using class II elastics and mandibular anchors, CMA was 
designed to treat Class II molar relationship. The lingual 
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arch, Essix retainer, or miniscrews are used as methods of 
anchorage to prevent protrusion of the mandibular inci-
sors when the appliance is activated [2].

The application of the CMA has been assessed in 
former case reports [3–6]. One retrospective study 
[7] compared the use of CMA with full fixed ortho-
dontic appliances in the mandibular arch vs. a lin-
gual arch anchorage and found that both techniques 
caused lower incisors proclination. Other investigations 
[8–11] assessed the treatment by CMA anchored with 
Essix appliance and reported that the lower first molar 
moved and tipped mesially significantly with lower inci-
sor proclination. Only one randomized clinical trial [12] 
(RCT) compared anchorage control using interdental 
miniscrews vs. Essix appliance and found that minis-
crews reduced anchorage loss regarding the mandibular 
incisors.

The success of CMA, like that of the majority of ortho-
dontic appliances, depends on the patient’s commitment 
to intermaxillary elastics and lower retainer wear [9, 13]. 
It has the adverse consequences of class II elastics, such 
as proclination of the lower incisors and maxillary canine 
extrusion [8]. To avoid the negative effects of CMA with 
class II elastics, we can employ the CMA to distalize the 
maxillary buccal segment with intra-arch anchorage uti-
lizing IZC miniscrews noting that they are contraindi-
cated in cases of compromised immune defense, bleeding 
disorders, pathological bone quality, or inadequate oral 
hygiene [14, 15] and in children with deciduous or mixed 
dentition [15, 16].

To our knowledge, few studies have examined the 
effects of the CMA three-dimensionally [8, 10]. How-
ever, these assessments used cone beam computerized 
tomography (CBCT), which is not considered as a rou-
tine diagnostic tool owing to its high radiation exposure. 
Remarkably, only two studies [11, 17] have utilized mod-
els to examine the 3D effects of the CMA.

Aim of the study
The objective of this study was to compare the 3D effects 
of IZC miniscrew anchored vs. Essix anchored CMA for 
distalization of the maxillary buccal segment using later-
als cephalograms and digitized models.

Methods
Trial design
This is a parallel design RCT with a 1:1 allocation ratio. 
Patients were randomly allocated in the intervention and 
comparison group as follows:

a- IZC anchored CMA group (IZCG): IZC miniscrews 
were used for anchorage.

b- Essix anchored CMA group (EXG): Essix retainer in 
the lower arch was used for anchorage.

The ClinicalTrials.gov Protocol Registration and 
Results System (PRS) has this randomized clinical trial 
registered as (NCT05499221) on 12/08/2022.

Ethics approval and consent to participate
The committee of research ethics in Mansoura Univer-
sity faculty of dentistry "Dental Research Ethics Commit-
tee" authorized this study. From January 2022 to January 
2023, patients were enrolled from the outpatient clinic at 
the orthodontic department, Faculty of Dentistry, Man-
soura University. All the parents of the enrolled patients 
signed the informed consent form as the patients were 
below the age of 16.

Eligibility criteria
Patients aged (12–16) years with full permanent denti-
tion and Class II malocclusion were included. Patients 
with systemic conditions, bad habits, transverse discrep-
ancy, or previous orthodontic treatment were excluded.

Intervention
The right size of CMA was selected in accordance with 
the manufacturer’s recommendations. Then it was 
bonded to the upper canine and first molar.

In IZCG: two miniscrews (Bio-ray, New Taipei, Tai-
wan), 14  mm long and 2  mm in diameter, were placed 
in infrazygomatic crest area bilaterally and a closing 
coil spring was affixed bilaterally between the maxillary 
canine and the IZC miniscrews as shown in Fig. 1.

In EXG: After bonding buccal tubes to the lower first 
molars and taking an impression of the lower arch, a cast 
was made. The Essix appliance was made from a vacuum 
sheet of 1.5  mm thickness with a window around the 
buccal tubes for class II elastic attachment bilaterally as 
shown in Fig.  2. Heavy 1/4-inch elastics were utilized 
for the first month followed by heavy 3/16-inch elastics. 
Except during mealtimes, participants were told to wear 
the elastics day and night and to replace them every day.

Every four weeks, follow-up appointments were 
planned, and the appliance was debonded in both groups 
on reaching Class I relationship. Two lateral cephalo-
grams were taken and two impressions for both upper 
and lower arches were obtained immediately before 
intervention and after completing distalization before 
starting the second phase of the treatment. Casts were 
made and scanned for obtaining digital models.

Outcomes
The primary outcomes were the treatment duration, 
skeletal and dental changes. A single, blinded assessor 
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Fig. 1 Intraoral photos of a case in IZCG; A predistalization, B Intervention, C postdistalization photos

Fig. 2 Intraoral photos of a case in EXG; A predistalization, B Intervention, C postdistalization photos
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compared the de-identified cephalograms and the 3D 
digital models. The cephalograms were assessed using 
WebCeph (web-based program for cephalometric analy-
sis). Table 1 shows the skeletal and dental measurements. 
The 3D model images were assessed using 3D measure-
ments tool in OrthoAnalyzer software (3Shape, Copen-
hagen, Denmark) after model preparation and plane 
alignment by setting up the occlusal plane, the sagittal 
plane; MV line (A vertical reference plane drawn through 
the median palatine suture from the incisive papilla, per-
pendicular to the occlusal plane) and the coronal plane; 
MH line (the horizontal reference line passing through 
the left third rugae and perpendicular to MV). The model 
landmarks and measurements are described in detail in 
Tables 2 and 3 and illustrated in Fig. 3(A-F).

The same assessor and a different observer assessed the 
pre and post intervention cephalometric images and the 
3D cast images in order to statistically evaluate the intra- 
and interobserver reliability.

Sample size calculation
Based on Fouda et al. study [12], using the G*Power soft-
ware (version 3.1.9.7), and by applying the formula by 
Borm et  al. [18], a sample size of 16 patients per group 
achieves 86.7% power with expected dropout rate of 20%.

Randomization
Simple randomization was carried out via the rand-
omization formula in Excel (Microsoft, Wash, USA). 
To ensure allocation concealment, the random num-
bers were printed, and the papers were folded and 
placed in a box. After bonding CMA, the participant 
chose a paper from the box then was allocated to the 
matching group.

Masking
Single blinding: only the outcomes assessor was blinded, 
and data were sent blinded for statistical analysis. Lat-
eral cephalometric radiographs and digital study models 

Table 1 Cephalometric measurements

Skeletal measurements
 SNA (°) The angle between 3‑point landmarks: S, N, and A point

 SNB (°) Sella‑nasion to B point angle

 ANB (°) The angle between 3‑point landmarks: A, N, B

Vertical skeletal measurements
 LAFH (mm.) Lower anterior facial height (mm): distance between ANS and menton

 PFH (mm.) Posterior facial height (mm): distance between S and Gonion

Dental measurements
 U1‑SN (°) The angle measured between the long axis of the upper central incisor and the SN plane

 U3 angle (°) The angle measured between the long axis of the canine (cusp tip to root apex) and the Sella‑Nasion line

 U6 angle (°) The angle measured between the long axis of the mesiobuccal cusp to the mesiobuccal root apex of the maxillary 
first molar and the Sella‑ Nasion line

 L6 angle (°) The angle measured between the long axis of the mesiobuccal cusp to the mesial root apex of the mandibular first 
molar and the Sella‑Nasion line

 IMPA (°) The angle measured between the long axis of the mandibular central incisor and the Gonion‑Menton line

 Interincisal angle: IIA (°) The angle measured between the long axis of the upper and lower central incisor

Dental Linear measurements
 U3 VP (mm.) The vertical distance from the horizontal plane (SN‑7) to the upper canine cusp tip

 U6 VP (mm.) The vertical distance from the horizontal plane (SN‑7) to mesiobuccal cusp tip of the upper fisrt molar

 L6m VP (mm.) The vertical distance from the horizontal plane (SN‑7) to the mesiobuccal cusp tip of the lower fisrt molar

 L6d VP (mm.) The vertical distance from the horizontal plane (SN‑7) to the distobuccal cusp tip of the lower fisrt molar

 L6 AP position (mm.) The horizontal distance from the mesiobuccal cusp tip of the lower fisrt molar to the vertical plane (perpendicular 
to the horizontal plane (SN‑7) from S point)

Table 2 Model landmarks (Fig. 3A)

cc cusp tip of the maxillary canine.

mb mesiobuccal cusp tip of the maxillary first molar.

mp mesiopalatal cusp tip of the maxillary first molar.

db distobuccal cusp tip of the maxillary first molar.

dp distopalatal cusp tip of the maxillary first molar.

CMR the point that bisects the mb‑ dp line 
with mp‑db line on the maxillary right first 
molar.

CML the point that bisects the mb‑dp line 
with mp‑db line on the maxillary left first molar.



Page 5 of 11Ghozy et al. BMC Oral Health          (2024) 24:152  

were de-identified prior to obtaining measurements. The 
appliances were not present at the time these records 
were obtained.

Statistical analysis
Data were analyzed using IBM-SPSS software (Version 
27.0. Armonk, NY: IBM Corp). Qualitative data were 

Table 3 Model measurements

Model angular measurements: (Fig. 3B)

 MV‑ RU3 The angle between MV (A vertical reference line drawn through the median palatine 
suture from the incisive papilla) and the right canine cusp tip.

 MV‑ LU3 The angle between MV and the left canine cusp tip.

 MV‑ U3 Mean of MV‑R3 and MV‑ L3

 MV‑RU6: The angle between MV and mb‑dp line of the right first molar.

 MV‑LU6: The angle between MV and mb‑dp line of the left first molar.

 MV‑U6: Mean of MV‑R6 and MV‑L6

Model linear measurements: (Fig. 3C)

 MH‑ RU3 The perpendicular distance between upper right canine cusp tip and MH line (the 
horizontal reference line passing through the left third rugae and perpendicular 
to MV)

 MH‑ LU3 The perpendicular distance between upper left canine cusp tip and MH line

 MH‑ U3 Mean of MH‑RU3 and MH‑ LU3

 MH‑ RU6 The perpendicular distance between CMR and MH line

 MH‑LU6 The perpendicular distance between CML and MH line

 MH‑U6 Mean of MH‑ RU6 and MH‑ LU6

Arch width: (Fig. 3D)

 Inter‑canine width (ICW) distance between cc points of both right and left canines.

 Inter‑molar width (IMW) distance between CMR and CML points.

 Overjet (mm): Fig. 3E measured from the labial surface of lower incisors to the incisal edge of upper incisors.

 Overbite (mm): Fig. 3F The amount of vertical ovelap of lower incisors.

Fig. 3 A Model landmarks. B Model angular measurements. C Model linear measurements. D Arch width. E Over jet measuring. F Overbite 
measuring on models
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expressed as N (%). Quantitative data were initially 
tested for normality using Shapiro–Wilk’s test with 
data being normally distributed if p > 0.050 and were 
expressed as mean ± SD.

Chi-square, Fisher’s Exact, Fisher-Freeman-Halton 
Exact and paired-Samples t-tests were used for data 
comparison. The Independent-samples t-test was used 
to compare data between two groups. For any of the 
used tests, results were considered as statistically sig-
nificant if p value ≤ 0.050.

Results
Participant flow
Recruitment initiated in January 2022 until January 2023. 
Thirty-two participants were recruited and randomized 
with a 1:1 ratio in either IZCG group (n = 16) or EXG 

group (n = 16). Distalization procedures were accom-
plished by June 2023 (Fig. 4).

Baseline data
There was statistically insignificant difference between the 
two groups regarding male and female distribution inside 
the group and the mean age of patients as shown in Table 4.

Outcomes measurements
Treatment duration
As illustrated in Table  4, CMA corrected class II molar 
relation in average duration of 6.3 ± 2.1 and 5.9 ± 2.8 in 
IZCG and EXG respectively. The difference in distaliza-
tion duration between the two groups was insignificant. 
Only three out of the 32 infrazygomatic miniscrews that 
were inserted failed. On the other side, out of 16 Essix 

Fig. 4 The Consolidated Standards of Reporting Trials (CONSORT) participant flow diagram
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retainers, two broke before completing phase 1 of the 
treatment and needed to be remade.

Skeletal and dental measurements
The comparison of pre and post intervention data in 
IZCG and EXG are shown in Tables 5 and 6. The com-
parison between the changes in IZCG vs. EXG is shown 
in Table 7.

Reliability testing
Intraclass correlation coefficient (ICC) was used for 
intra-, and inter-observer absolute agreement in 16 par-
ticipants. There was excellent intra- (0.985), and inter-
observer (0.981) absolute agreement.

Harms
Apart from the discomfort experienced by some patients 
who received the miniscrews, no substantial hazards 
were seen during the trial.

Discussion
The idea of CMA is to distalize the entire posterior max-
illary segment using class II elastics and mandibular 
anchoring, correcting Class II molar relationship. No pre-
vious RCT evaluated CMA compared to IZC- anchored 
one. So, the aim of this RCT was to compare distalization 
of the maxillary buccal segment using skeletaly anchored 
CMA vs. conventionally anchored CMA.

There are few studies which analyzed the 3D effects of 
the CMA using CBCT, which is not a routine orthodon-
tic record owing to the excess radiation exposure [8, 10]. 
Interestingly, there are few studies that used models to 

study the 3D effects of the CMA [11, 17]. Since this study 
is one in a few investigations of digital models, only the 
results of the cephalometric radiographs are comparable 
to other studies.

Treatment duration
The CMA corrected the molar relation class II in aver-
age duration of 6.3 and 5.9 months in IZCG and EXG 
respectively with insignificant difference between the two 
groups. The average distalization time of both groups was 
similar to that found in Yin et al. study [13] (6.3 months), 
but longer than that found in other researches [7–10, 19]. 
This might be because the majority of the participants in 
this study were older with higher bone densities. How-
ever, compared to skeletal anchorage distalization appli-
ances and conventional ones, the distalization period was 
shorter (8.2 and 8 months, respectively) [20].

Skeletal effects
In IZCG, there were insignificant skeletal sagittal and 
vertical changes. This is consistent with the majority 
of publications which claimed that intraoral maxillary 
distalizers only had slight indirect skeletal effects with 
direct dentoalveolar changes [21, 22]. While in EXG, 
there was significant sagittal changes. These findings in 
EXG were similar to previous studies [17, 19]. However, 
other studies [7, 9, 10, 12, 13] found insignificant sagittal 
changes during the treatment with CMA and attributed 
that to the more dentoalveolar effects of class II elastics 
[23]. Similar to other studies [7, 9, 12, 13, 19], signifi-
cant increase of LAFH and PFH was found in EXG. This 
was due to the extrusion of lower first molars, the distal 

Table 4 Clinical and Demographic data in IZCG vs. EXG

The tests of significance are *chi-square test, **Fisher-Freeman-Halton Exact Test, ***Fisher’s Exact test, and $independent-samples t-test

Characteristic Group Test of significance

IZCG (n = 16) EXG (n = 16)

Categorical characteristic N (%) N (%) χ2 p-value
Sex .582 .446*

 Male 4 (25%) 6 (37.5%)

 Female 12 (75%) 10 (62.5%)

Number of de-bonded CMAs ‑ .838**

 0 11 (68.8%) 13 (81.3%)

 1 3 (18.8%) 1 (6.3%)

 2 2 (12.5%) 2 (12.5%)

Failure of anchorage device ‑ 1.000***

 0 (no failure) 13 (81.3%) 14 (87.5%)

 1 (failure once) 3 (18.8%) 2 (12.5%)

Numerical characteristic Mean ± SD Mean ± SD t [30] p-value
Age (years) 14.5 ± 1.4 13.8 ± 1.1 ‑1.563 .129$

Treatment duration (months) 6.3 ± 2.1 5.9 ± 2.8 ‑0.463 .647$
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tipping and extrusion of upper molars by class II elastics 
in EXG.

Dental effects
In EXG, there was a significant increase in the lower 
incisor proclination (3.5° ± 1.3) and the lower first molar 
moved mesial with significant mesial tipping and signifi-
cant extrusion. On the other hand, these findings were 
not found in IZCG because no class II elastics were used. 
The horizontal and vertical components of the forces 
exerted by class II elastics explain the mesialization and 
extrusion of the lower molars in EXG denoting that 
molar class II correction is an integration of mandibular 
molar mesialization and maxillary molar distalization. 
Transferring the anchorage control in the mandibular 
arch to the maxillary one by using IZC miniscrews aided 
in correcting class II molar relation by maxillary distali-
zation only without affecting the lower arch. Despite the 
fact that Fouda et  al. [12] used miniscrews in the lower 
arch, they did not prevent the mesial movement of lower 

second molar. Different studies also found significant 
mesial movement, tipping, and extrusion of lower first 
molars with CMA [7, 8, 10, 17]. In several previous stud-
ies, with the use of CMA, lower incisor proclination was 
a noticeable result [7–10, 12, 13, 17, 19].

Maxillary canine and first molar were significantly 
distalized by -3.1 ± 0.9, and 3.2 ± 1.2 mm respectively in 
IZCG. While in EXG, they were significantly distalized 
by -2.3 ± 0.7 and 2.2 ± 0.8 mm respectively. The extent of 
distalization was significantly higher in IZCG compared 
to EXG. The amount of distalization of upper first molar 
was comparable to that reported in earlier research [7, 
8, 10, 12, 13, 17]. The distalization of the entire maxil-
lary buccal segment by CMA means that there was no 
anchorage loss in the premolar area unlike other distaliz-
ers that required retraction of the premolars and canines 
after molar distalization [24, 25].

This RCT found significant distal tipping of maxillary 
molar. So, it can be said that the ball-and-socket joint 
partially reduced molar tipping but did not eliminate it 

Table 5  Comparisons of pre‑post data in IZCG group

Data is expressed as mean ± SD. The test of significance is Paired-Samples t-test. Effect size is presented as Cohen’s d (effect size is considered as small, medium, and 
large if Cohen’s d = 0.2, 0.5, and 0.8, respectively)

Characteristic Pre Post Difference 95% CI p-value Cohen’s d

Lower bound Upper bound

SNA (°) 83.8 ± 3.9 83.8 ± 4 0 ± 0.3 ‑0.2 0.2 .949 0.016

SNB (°) 78.5 ± 4 78.7 ± 4.2 0.2 ± 0.8 ‑0.2 0.6 .329 0.252

ANB (°) 5.2 ± 1.4 5.1 ± 1.7 ‑0.1 ± 0.7 ‑0.5 0.2 .452 0.193

LAFH (mm) 61.1 ± 4.2 61.1 ± 4.2 0 ± 1.4 ‑0.7 0.8 .931 0.022

PFH (mm) 71.3 ± 6.2 71.4 ± 6.3 0.1 ± 1 ‑0.5 0.6 .743 0.083

U1-SN (°) 104.2 ± 11.2 100.4 ± 11.3 ‑3.8 ± 2 ‑4.9 ‑2.8  < .001 1.931

U3 ANGLE (°) 97.6 ± 7.2 90.8 ± 8.2 ‑6.8 ± 4.9 ‑9.4 ‑4.1  < .001 1.387

U6 ANGLE (°) 75.1 ± 8.1 69.3 ± 9.5 ‑5.8 ± 4.2 ‑8.1 ‑3.5  < .001 1.370

L6 ANGLE (°) 59.8 ± 8.6 60.1 ± 8.4 0.4 ± 0.8 0 0.8 .071 0.485

IMPA (°) 95.7 ± 5.8 95.5 ± 6.1 ‑0.2 ± 0.7 ‑0.6 0.2 .246 0.302

IIA (°) 127.5 ± 11.5 131 ± 11.6 3.4 ± 2.6 2.1 4.8  < .001 1.330

U3 VP (mm) 64.8 ± 3.2 64.3 ± 3.3 ‑0.5 ± 0.8 ‑0.9 ‑0.1 .030 0.598

U6 VP (mm) 61.4 ± 2.5 59.7 ± 2.9 ‑1.7 ± 1.3 ‑2.4 ‑1.1  < .001 1.365

L6m VP (mm) 63 ± 2.9 63 ± 2.7 0 ± 0.5 ‑0.2 0.3 .839 0.052

L6d VP (mm) 61.3 ± 3 61.2 ± 2.9 0 ± 0.5 ‑0.3 0.2 .634 0.121

L6 AP (mm) 39.3 ± 6.5 39.2 ± 6.5 0 ± 0.2 ‑0.2 0.1 .267 0.288

Model measurements
 MV- U3 36.8 ± 5.4 50.3 ± 6.6 13.5 ± 5.9 10.4 16.7  < .001 2.287

 MV- U6 31.2 ± 6.2 46.9 ± 7.1 15.6 ± 7 11.9 19.3  < .001 2.233

 MH- U3 12 ± 2.5 8.9 ± 2.3 ‑3.1 ± 0.9 ‑3.6 ‑2.6  < .001 3.453

 MH- U6 12.1 ± 2.2 15.4 ± 1.9 3.2 ± 1.2 2.6 3.9  < .001 2.691

 ICW 33.9 ± 2.4 44.6 ± 2.8 10.7 ± 3 9.1 12.3  < .001 3.584

 IMW 45.4 ± 2.9 46.3 ± 3.1 0.9 ± 0.8 0.5 1.4  < .001 1.123

 OJ 4.9 ± 1.7 3.3 ± 1.5 ‑1.6 ± 1 ‑2.1 ‑1  < .001 1.525

 OB 3 ± 1.7 3 ± 1.7 0 ± 0.8 ‑0.4 0.4 .975 0.008
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entirely as claimed [2]. Distal tipping of the upper molars 
was also reported in some other previous studies [7, 8, 10, 
12, 13]. Additionally, distal tipping of the upper canine 
was detected in some previous studies [8, 10, 12] which is 
against the claims that the CMA’s front section is a rigid 
half-round arm that controls the canine’s inclination per-
mitting bodily movement [2].

The significant intrusion of upper canine and first 
molar in IZCG and the significant extrusion of them in 
EXG can be attributed to the vertical force component 
of the Class II elastics in EXG which is the opposite in 
IZCG. Regarding the upper canine extrusion, some ear-
lier studies showed similar results [8, 10, 12]. Regarding 
the upper first molar extrusion, a former study showed 
similar results [10].

The significant rotation of upper canine and upper 
first molar in both IZCG and EXG is due to the ball and 
socket joint in the molar pad [2]. Therefore, CMA cor-
rected Class II partially by distal derotation with dis-
talization of the maxillary first molars. Previous studies 

[8, 10] also proved upper molar and canine rotation but 
using CBCT.

The upper incisor inclination decreased more signifi-
cantly in IZCG than in EXG. So, unlike other distalizers, 
CMA did not cause anchorage loss in the maxillary ante-
rior segment. This decrease could be due to the sponta-
neous movement of the incisors in the space created by 
the distalization. However, some other studies found 
a slight proclination of the maxillary incisors resulting 
from the proclination of lower incisors [7, 8, 10, 13]. In 
contrast, other earlier studies [9, 17] noted that CMA did 
not affect the maxillary incisors because CMA distalized 
the maxillary buccal segment without being attached to 
the maxillary incisors.

The overjet decreased significantly in both IZCG and 
EXG by 1.6 ± 1 and 1.4 ± 0.9 mm respectively. But the 
change between the two groups was not statistically 
different. In IZCG the decrease in overjet can be due 
to the spontaneous distal movement of incisors into 
the space created after the distalization of the buccal 
segment. In EXG, the overjet was notably reduced by 

Table 6 Comparisons of pre‑post data in EXG group

Data is expressed as mean ± SD. The test of significance is Paired-Samples t-test. Effect size is presented as Cohen’s d (effect size is considered as small, medium, and 
large if Cohen’s d = 0.2, 0.5, and 0.8, respectively)

Characteristic Pre Post Difference 95% CI p-value Cohen’s d
Lower bound Upper bound

SNA (°) 81.4 ± 3.2 80.9 ± 3 ‑0.5 ± 0.7 ‑0.9 ‑0.1 .012 0.710

SNB (°) 75.4 ± 2.6 76.3 ± 2.6 0.9 ± 0.5 0.6 1.1  < .001 1.756

ANB (°) 5.9 ± 1.5 4.6 ± 1.3 ‑1.3 ± 1.1 ‑1.9 ‑0.7  < .001 1.156

LAFH (mm) 62.3 ± 6.5 63.4 ± 6.4 1.1 ± 0.8 0.7 1.6  < .001 1.344

PFH (mm) 67.5 ± 6 68.9 ± 5.9 1.4 ± 0.9 0.9 1.9  < .001 1.510

U1-SN (°) 100.6 ± 6.3 99.3 ± 6 ‑1.4 ± 0.8 ‑1.8 ‑0.9  < .001 1.630

U3 ANGLE (°) 90.5 ± 5.6 85.1 ± 5 ‑5.4 ± 3.7 ‑7.3 ‑3.4  < .001 1.478

U6 ANGLE (°) 69.7 ± 3.1 61.6 ± 3 ‑8.1 ± 2.7 ‑9.6 ‑6.7  < .001 3.030

L6 ANGLE (°) 58.7 ± 5.2 53.5 ± 5.5 ‑5.2 ± 3.4 ‑7.1 ‑3.3  < .001 1.512

IMPA (°) 97.6 ± 5.4 101.2 ± 5.4 3.5 ± 1.3 2.8 4.2  < .001 2.632

IIA (°) 125.3 ± 9.6 121.4 ± 10.4 ‑3.9 ± 2.8 ‑5.4 ‑2.4  < .001 1.370

U3 VP (mm) 64.4 ± 4.7 67.4 ± 4.4 3 ± 2 2 4.1  < .001 1.523

U6 VP (mm) 60 ± 4.5 61.2 ± 4.7 1.2 ± 0.9 0.7 1.7  < .001 1.341

L6m VP (mm) 63.8 ± 4.7 62.3 ± 4.9 ‑1.6 ± 0.8 ‑2 ‑1.2  < .001 1.987

L6d VP (mm) 61.5 ± 4.7 60.2 ± 4.9 ‑1.3 ± 0.9 ‑1.7 ‑0.8  < .001 1.361

L6 AP (mm) 35.5 ± 4.6 37.2 ± 4.6 1.6 ± 1.2 1 2.3  < .001 1.309

Model measurements
 MV- U3 37 ± 8 40.8 ± 8 3.8 ± 1 3.2 4.4  < .001 3.635

 MV- U6 30 ± 5.4 37.8 ± 7.3 7.7 ± 3.2 6 9.5  < .001 2.397

 MH- U3 10.7 ± 1.9 8.4 ± 2 ‑2.3 ± 0.7 ‑2.7 ‑2  < .001 3.497

 MH- U6 13.9 ± 1.5 16.1 ± 1.5 2.2 ± 0.8 1.8 2.6  < .001 2.804

 ICW 33.6 ± 3 35.9 ± 3.3 2..3 ± 0.7 1.9 2.7  < .001 3.227

 IMW 45.4 ± 2.8 45.3 ± 3 ‑0.1 ± 0.9 ‑0.5 0.3 .565 0.147

 OJ 4.7 ± 1.4 3.3 ± 1.2 ‑1.4 ± 0.9 ‑1.8 ‑0.9  < .001 1.622

 OB 3.7 ± 0.8 2.4 ± 1.1 ‑1.3 ± 0.9 ‑1.8 ‑0.8  < .001 1.393
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mandibular incisors proclination like what was found 
in former studies [7–10, 13]

In IZCG there was no significant change in the over-
bite. On the other hand, in EXG the overbite decreased 
significantly because class II elastics caused extrusion 
of lower first molars and upper first molars, distal tip-
ping of upper molars and flaring of the lower incisors. 
In earlier research, CMA also significantly decreased 
the overbite [7–10, 13]

There was a more significant increase in the ICW in 
IZCG than EXG. While IMW increased only in IZCG. 
Hermann et  al. [17] reported nearly no differences in 
anterior and posterior dental arch width and interca-
nine distance before and after CMA. However, they 
found little buccal movement of the canine and first 
molar [17].

Limitations
The patients and the operator in this trial could not be 
blinded to the treatment modality. No treatment was 

finished at the time of data collection. There was no 
report on patient compliance.

Generalizability
This study’s generalizability might be constrained as it 
only involved one dental facility and one Phd candidate 
performing the treatments on only one ethnic group was 
investigated.

Conclusion
IZC anchored CMA resulted in a more significant dis-
talization of the maxillary buccal segment than the Essix 
anchored one with no significant difference between 
them regarding the duration of distalization. However, 
it was not bodily distalization, due to the significant 
molar rotation. IZC anchored CMA eliminated the neg-
ative effects of class II elastics on lower incisor inclina-
tion, mesial movement, tipping, and extrusion of lower 
molars, with no significant effect on the lower face height 
indicating that transferring the anchorage to the maxil-
lary arch by using IZC miniscrews could correct class II 

Table 7 Comparisons of pre‑post change in IZCG vs. EXG

Data is expressed as mean ± SD. The test of significance is Independent-Samples t-test. Effect size is presented as Cohen’s d (effect size is considered as small, medium, 
and large if Cohen’s d = 0.2, 0.5, and 0.8, respectively)

Characteristic IZCG EXG 95% CI p-value Cohen’s d
Lower bound Upper bound

SNA (°) 0 ± 0.3 ‑0.5 ± 0.7 0.1 0.9 .019 0.879

SNB (°) 0.2 ± 0.8 0.9 ± 0.5 ‑1.1 ‑0.2 .008 1.004

ANB (°) ‑0.1 ± 0.7 ‑1.3 ± 1.1 0.5 1.9 .001 1.240

LAFH (mm) 0 ± 1.4 1.1 ± 0.8 ‑1.9 ‑0.3 .012 .946

PFH (mm) 0.1 ± 1 1.4 ± 0.9 ‑2 ‑0.6 .001 1.334

U1-SN (°) ‑3.8 ± 2 ‑1.4 ± 0.8 ‑3.6 ‑1.3  < .001 1.618

U3 ANGLE (°) ‑6.8 ± 4.9 ‑5.4 ± 3.7 ‑4.5 1.7 .378 0.317

U6 ANGLE (°) ‑5.8 ± 4.2 ‑8.1 ± 2.7 ‑0.2 4.9 .073 0.657

L6 ANGLE (°) 0.4 ± 0.8 ‑5.2 ± 3.4 3.7 7.5  < .001 2.236

IMPA (°) ‑0.2 ± 0.7 3.5 ± 1.3 ‑4.5 ‑3  < .001 3.512

IIA (°) 3.4 ± 2.6 ‑3.9 ± 2.8 5.4 9.3  < .001 2.699

U3 VP (mm) ‑0.5 ± 0.8 3 ± 2 ‑4.6 ‑2.4  < .001 2.314

U6 VP (mm) ‑1.7 ± 1.3 1.2 ± 0.9 ‑3.7 ‑2.1 . < .001 2.671

L6m VP (mm) 0 ± 0.5 ‑1.6 ± 0.8 1.1 2.1  < .001 2.443

L6d VP (mm) 0 ± 0.5 1.3 ± 0.9 0.7 1.7  < .001 1.682

L6 AP (mm) ‑0.1 ± 0.2 1.6 ± 1.2 ‑2.3 ‑1  < .001 1.846

Model measurements
 MV- U3 13.5 ± 5.9 3.8 ± 1 6.5 12.9  < .001 2.286

 MV- U6 15.6 ± 7 7.7 ± 3.2 3.9 11.9  < .001 1.448

 MH- U3 ‑3.1 ± 0.9 ‑2.3 ± 0.7 ‑1.3 ‑0.2 .010 0.967

 MH- U6 3.2 ± 1.2 2.2 ± 0.8 0.3 1.8 .006 1.045

 ICW 10.7 ± 3 2..3 ± 0.7 6.8 10  < .001 3.868

 IMW 0.9 ± 0.8 ‑0.1 ± 0.9 .04 1.6 .001 1.251

 OJ ‑1.6 ± 1 ‑1.4 ± 0.9 ‑0.9 0.5 .622 0.176

 OB 0 ± 0.8 ‑1.3 ± 0.9 0.7 1.9  < .001 1.508
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malocclusion by only distalization without any effect on 
the lower arch.
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